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Abstract

Background and purpose: Erenumab (ERE) is the first anticalcitonin gene-related peptide
receptor monoclonal antibody approved for migraine prevention. A proportion of pa-
tients do not adequately respond to ERE.

Methods: Prospective multicenter study involving 110 migraine patients starting ERE
70 mg monthly. Baseline socio-demographics and migraine characteristics, includ-
ing mean monthly migraine days (MMDs), migraine-related burden (MIDAS [Migraine
Disability Assessment scale] and Headache Impact Test-6), and use of abortive medica-
tions, during 3 months before and after ERE start were collected. Real-time polymerase
chain reaction was used to determine polymorphic variants of calcitonin receptor-like re-
ceptor and receptor activity-modifying protein-1 genes. Logistic regression models were
used to identify independent predictors for 50% responder patients (50-RESP) and 75%
responder patients (75-RESP).

Results: At month 3, MMDs decreased from 17.2 to 9.2 (p < 0.0001), 59/110 (53.6%)
patients were 50-RESP, and 30/110 (27.3%) were 75-RESP. Age at migraine onset (odds
ratio [OR] [95% confidence interval (95% Cl)]: 1.062 [1.008-1.120], p = 0.024), number of
failed preventive medications (0.753 [0.600-0.946], p = 0.015), and MIDAS score (1.011
[1.002-1.020], p = 0.017) were associated with 75-RESP. Among the genetic variants in-
vestigated, RAMP1 rs7590387 was found associated with a lower probability of being
75-RESP (per G allele OR [95% ClI]: 0.53 [0.29-0.99], p = 0.048]), but this association did
not survive adjustment for confounding clinical variables (per G allele, 0.55 [0.28-1.10],
p = 0.09]).

Conclusions: In this real-word study, treatment with ERE significantly reduced MMDs.
The number of failed preventive medications, migraine burden, and age at migraine onset
predicted response to ERE. Larger studies are required to confirm a possible role of
RAMP1 rs7590387 as genetic predictor of ERE efficacy.
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INTRODUCTION

Patients with disabling and or frequent migraine attacks qualify
for preventive therapy [1]. Until recently, preventive therapies in-
cluded nonspecific medications such as B-blockers, calcium chan-
nel antagonists, antidepressants, and antiepileptic drugs. These
compounds are limited by insufficient efficacy and/or relevant
side effects [2].

In recent years, calcitonin gene-related peptide (CGRP) activ-
ity has been shown to be crucial in migraine pathogenesis [3-6].
Accordingly, targeted therapies such as monoclonal antibodies
(mAbs) binding to CGRP receptor or ligand have gained importance
as new migraine preventive treatments, showing favorable benefit/
risk profile [2].

Erenumab (ERE) was the first anti-CGRP receptor mAb approved
in Switzerland. In registration clinical trials, ERE 70 mg or 140 mg
subcutaneously versus placebo monthly for 3-6 months, signifi-
cantly reduced the mean number of monthly migraine days (MMDs),
the use of acute migraine-specific medications, and decreased
the impact of migraine on everyday activities in episodic as well
as chronic migraine, including in patients with multiple preventive
treatment failures. ERE was generally well tolerated, with consti-
pation and local skin reactions being the most common treatment-
emergent adverse events [7-10].

In clinical trials, approximately 50% of patients did not achieve
the end point of a reduction in MMDs of at least 50% [7-10].
Considering its substantial costs, favoring the use of ERE in re-
sponder patients represents a priority for a tailored therapeutic ap-
proach and health resources optimization. However, data on clinical
predictors of response to ERE in a real-word setting are scarce [11].

Besides clinical characteristics, one key parameter determining
the efficacy of ERE might be the genetic profile of the mAb target
(i.e., the CGRP receptor). ERE has high affinity binding to the CGRP
receptor, a heterodimeric complex of the calcitonin receptor like
receptor encoded by the CALCRL gene, and the receptor activity
modifying protein 1 (RAMP1), which has a key role in postendocytic
receptor trafficking [12]. Despite it being widely accepted that inter-
individual variability of drug responses is explained, at least in part,
by genetic factors [13], no studies so far have investigated genetic
factors potentially affecting ERE efficacy.

In this study, we aimed at characterizing clinical and genetic pre-
dictors of a favorable response to ERE in a population of migraine

patients treated at tertiary headache centers in Switzerland.

METHODS

This was a multicenter, observational prospective study includ-
ing consecutive migraine patients started with ERE at participating
Swiss tertiary headache centers (Neurology Department, Ospedale
Regionale di Lugano; Neurology Department, Inselspital Bern) be-
tween December 2019 and September 2020. The study conforms
with the World Medical Association Declaration of Helsinki and was

approved by the local ethics committees (referral ethics committee:
Comitato Etico canton Ticino, ref. CE 3507). Written informed con-
sent was obtained from all participants.

Patients were aged between 18 and 70 years and suffered from
migraine according to the International Classification of Headache
Disorders [14] for at least 1 year. According to Swiss reimbursement
criteria for ERE, patients had to provide a prospectively collected
diary showing at least 8 days with migraine per month for at least
3 months, with failure of at least two or intolerability/contraindi-
cation for all three classes of migraine preventive therapies of the
group’s anticonvulsants, B-blockers, or calcium channel antagonists.

Main exclusion criteria were migraine onset over 50 years of
age, a history of hemiplegic migraine, of other primary headache
disorders other than migraine, having received botulin toxin injec-
tions within 4 months before inclusion, having started/changed the
dose of one migraine-preventive medication within 2 months be-
fore inclusion, or having had a head or neck trauma within the past
6 months. Patients with incomplete follow-up were also excluded.

Patients underwent a baseline evaluation the day they received
the first ERE 70 mg injection, and a follow-up evaluation 3 months
thereafter according to routine clinical practice. During the entire
study participation, patients continued to fill in a headache diary.

At baseline, socio-demographic characteristics and migraine his-
tory were collected, including sex, age, body mass index, working
status, lifestyle habits (alcohol, smoking, physical activity, sleep hab-
its); age at migraine onset, migraine type, presence of aura; number
of failed preventive medications; number of first-degree relatives
affected by migraine; lifetime presence and type of comorbidities
(anxiety disorder and/or depression; chronic pain; arterial hyperten-
sion; insomnia/snoring; other comorbidities); and concomitant med-
ications. At this time point, a blood sample was also collected for
genetic analysis.

The number of MMDs, the monthly number of days with triptan/
nonsteroidal analgesics use during the 3 months before and after
ERE start, was retrieved from the patient's headache diary. Presence
of medication overuse was assessed according to the definition re-
ported in the International Classification of Headache Disorders
[14]. Additionally, average pain intensity rated on a numerical rating
scale ranging from 1 (no pain) to 10 (maximum unbearable pain) and
average attack duration (hours) were also collected at baseline and
3 months after ERE start.

To investigate migraine-related disability and its impact on daily
life, at baseline and 3-month evaluations, patients filled out two val-
idated questionnaires, the Migraine Disability Assessment (MIDAS)
scale [15] (score 1-5: little or no disability, 6-10: mild disability, 11-
20: moderate disability, >21: severe disability) and the Headache
Impact Test (HIT-6) [16] (score <49: little or no impact, 50-55: some
impact, 56-59: substantial impact).

Additionally, adverse events reported by the patients at any
time during the study and asked by the treating neurologists at
3-month evaluations were collected and stratified according to se-
verity (mild, moderate, severe) and seriousness (if requiring/pro-
longing hospitalization or causing permanent disability or death).
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Patients were classified as responders to ERE according to
two definitions commonly adopted in clinical trials [7-10]; 50%
responders (50-RESP) were those patients showing a reduction
of 250% in MMDs at month 3 of ERE treatment compared to the
3 months before ERE start (baseline MMDs), whereas 75% re-
sponders (75-RESP) were those showing a respective reduction
of MMDs of 275%.

We hypothesized that clinical and genetic profiles of 50-RESP
and 75-RESP differ from those of nonresponder patients.

The primary study objective was to investigate associations
between patients’ demographic and clinical characteristics and 50-
RESP status. Secondary study objectives were to investigate asso-
ciation between patients’ demographic and clinical characteristics
and 75-RESP status, and between selected (see Genotyping section)
polymorphisms at CALCRL and RAMP1 genes and 50-RESP as well
as 75-RESP status.

Genotyping

Genomic DNA was extracted from peripheral blood samples using
the QiaAmp DNA Mini Kit (Qiagen) or the Wizard genomic DNA
purification kit (Promega) according to the manufacturers’ in-
structions. A total of 15 common single nucleotide polymorphisms
(SNPs) of CALCRL and RAMP1 genes were selected from Variation
based

on minor allele frequency (MAF) of more than 10%. Genotyping

Viewer (https://www.ncbi.nlm.nih.gov/variation/view)
of CALCRL and RAMP1 polymorphisms was performed by real-
time polymerase chain reaction (PCR) using Applied Biosystems
TagMan Pre-Designed SNP Genotyping assays (CALCRL
rs696574 Assay ID: C_8726655_10; CALCRL rs6710852 Assay ID:
C_189160430_10, CALCRL rs3213738 Assay ID: C_27470324_10;
RAMP1 rs302680 Assay ID: C_1071215_20; RAMP1 rs13386048
Assay ID: C_31241845_10; RAMP1 rs12995100 Assay ID:
C_31241852_10; RAMP1 rs12465864 Assay ID: C_11739774_10;
RAMP1  rs7590387 Assay ID: C_26481962_10; RAMP1
rs75822777 Assay ID: C_101309358_10; RAMP1 rs302676
Assay ID: C_1071223_30; RAMP1 rs11673847 Assay ID:
C_176017176_10; RAMP1 rs6431564 Assay ID: C_2149740_10;
RAMP1 rs4663269 Assay ID: C_2149726_10; RAMP1 rs7603344
Assay ID: C_11739137_10; RAMP1 rs7578855 Assay ID:
C_31241858_10). Real-time PCR amplification and detection was
conducted on genomic DNA in 96-well PCR plates using a CFX
Connect Real-Time PCR Detection System (Bio-Rad, Milan, Italy).
Thermal cycling was initiated with a denaturation step of 10 min
at 95°C, followed by 50 cycles of 15 s at 92°C and 90 s at 60°C.
After PCR run was completed, allelic discrimination was analyzed
using the Bio-Rad CFX Manager Software (version 3.1). Negative
and positive controls for the three genotypes were included in
each real-time PCR run. For validation purposes, approximately
10% of the samples were re-genotyped, and results were repro-
ducible with no discrepancies noticed in genotyping. Genotyping
was performed blinded to all clinical data.

Statistical analysis

Categorical variables are reported as absolute (n) and relative
frequencies (%), whereas continuous variables are presented as
means with SD. To examine the differences between the groups,
the Student t test was applied for continuous variables with equal
variances and the Welch F test for those with unequal variances,
whereas a paired-samples t test was applied for comparison of con-
tinuous variables at the baseline versus month 3 of ERE treatment.
The )(2 test was used for assessing differences in the distribution
of categorical variables. Clinical variables with a p value < 0.1 from
univariate logistic analyses were included in multivariate logistic
regression models to identify independent predictors for ERE
efficacy at thresholds of 50% or 75%, respectively. Deviation of
each SNP from Hardy-Weinberg equilibrium (HWE) was calculated
using Pearson goodness-of-fit )(2 test, which is implemented in the
online Finetti program (available at: http://ihg.gsf.de/cgi-bin/hw/
hwal.pl). The association between SNPs and each outcome of
interest (50-RESP or 75-RESP, respectively) was assessed by lo-
gistic regression analysis assuming an additive genetic model of
inheritance (i.e., each variant allele has an equal contribution to
the outcome). To this end, genotypes from each SNP were coded
as 0, 1, or 2 according to the number of variant alleles, and each
SNP modeled as a continuous variable. The association between
SNPs and response status of patients was also adjusted for con-
founding clinical variables. All statistical analyses were performed
using MedCalc version 13.3.3 (MedCalc Software, Mariakerke,
Belgium). Given the exploratory nature of this study, we reported
nominal statistical associations (p < 0.05). Power and sample size
calculations were performed using the Quanto software version
1.2.4 (University of Southern California).

RESULTS

One-hundred thirteen patients were screened: three were excluded
from analysis (two patients did not receive ERE, one withdrew con-
sent), and 110 patients (91 [82.7%] females) were included and
treated with ERE 70 mg monthly. Of those, 55 (50%) patients had
chronic migraine and 51 (46.4%) patients had medication overuse
(Table 1).

ERE effectiveness and safety

At month 3 of ERE treatment, mean (SD) MMDs significantly de-
creased from 17.2 (8.3) to 9.2 (8.2), and the number of days with
triptans and nontriptan analgesics use dropped from 7.0 (7.7) to 3.8
(5.4) and from 8.3 (9.5) to 5.3 (7.2), respectively (p < 0.0001 for all
comparisons; Table 2).

At month 3, mean pain intensity and attack duration were also
reduced from 7.9 (1.5) to 5.5 (1.9) and from 21.8 (26.2) to 10.1 (16.6)
h, respectively (p < 0.0001).


https://www.ncbi.nlm.nih.gov/variation/view
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TABLE 1 Baseline characteristics TABLE 1 (Continued)

Demographics, n = 110 Value Alcohol intake, n = 107 50 (46.7)
Age, years, mean (SD) 47.0(13.8) Physical activity, n = 109 49 (45.0)
Females, n (%) 91 (82.7) Females in menopause, n = 91 32(35.2)
BMI, n = 109, mean (SD) 23.7 (4.3) Females with pregnancies, n = 91 53(58.2)

Migraine characteristics and medications Insomnia
Age at migraine onset, years, n = 107, mean (SD) 17.7 (9.7) Present + medication 27 (24.5)
Migraine form, n (%) Present - medication 34 (30.9)

Episodic 55 (50.0) Snoring 35(31.8)

Chronic 55 (50.0) Patients with comorbidities, n (%)
Migraine with aura, n = 109, n (%) 37 (33.9) Anxiety 61 (55.5)
Use of triptans 76 (69.1) Depression 63(57.3)
Monthly migraine days, mean (SD) 17.5(9.2) Chronic pain 27 (24.5)
Average attack duration, h, n = 109, mean (SD) 21.8(26.2) Hypertension, n = 109 19 (17.4)
Average pain intensity 7.9 (1.5) Other comorbidities 42 (38.2)
No. of failed preventive medications, mean (SD) 4.2(2.8) Head trauma, n = 109 16 (14.7)
HIT-6 score, mean (SD) 65.6(9.1) Abbreviations: BMI, body mass index; HIT-6, Headache Impact
MIDAS score, mean (SD) 66.6(56.7) Test-6; MIDAS, Migraine Disability Assessment; SNRI, serotonin and
Patients using concomitant preventive 64(58.2) norepinephrine reuptake inhibitors; SSRI, selective serotonine re-

take inhibitors.
medications, n (%) uptake inhibitors

Anticonvulsants 31
Tricyclics 17 The number of patients with medication overuse decreased
B-Blockers 14 from 51 (46.4%) to 19 (17.3%), and 33/55 (60%) patients with chronic
SSRI/SNRI 1 migraine at baseline converted to episodic migraine (p < 0.0001;
. . Table 2). HIT-6 and MIDAS scores decreased from 65.6 (9.1) to 56.3
Angiotensin receptor blockers 8
. . (10.9) and from 66.6 (56.7) to 30.7 (38.2), respectively (p < 0.0001).
Onabotulinumtoxin A 2
There were no treatment discontinuations. The most frequent
Calcium antagonists 1 L L
) o treatment-related adverse events were constipation (15%), injection
No. of current preventive medications, mean (D) 1.5(1.3) site pain (3%), cramps (2%), migraine worsening (2%), and pruritus
Monthly days with use of nontriptan analgesics, 8.3(9.5)

(1%). All were rated mild or moderate in severity. No serious adverse
last 3 months), mean (SD)
events were reported.

Patients with medication overuse, n (%) 51 (46.4)
Patients with first-degree relatives with migraine, 79 (71.8)
n (%) .
Predictors of response to ERE therapy
No. of first-degree relatives with migraine, mean 1.2(1.3)
(SD)

At month 3, 59 (53.6%) patients were 50-RESP, and 30 (27.3%) were
75-RESP.

At univariate analysis, lower body mass index (22.9 + 3.6 vs.

Social, physiological, and lifestyle characteristics, n (%)

Working status

Employed 70(63.6) 24.6 + 4.9, p = 0.037), lower number of failed preventive medica-
Unemployed 31(28.2) tions (3.7 £ 2.0 vs. 4.8 + 3.3, p = 0.039), and baseline HIT-6 score
Retired 9(82) (67.4 5.5 vs. 63.6 + 11.7, p = 0.038) were associated with 50-RESP
Civil status status (Tables S1 and S2). However, no associations survived when
Single 30(27.3) including these variables in a multivariate logistic regression model
Married 60 (54.5) (Table 3).
Separated/divorced 19 (17.2.) At univariate analysis, 75-RESP status was associated with older
Widowed 1(0.9) age at migraine onset (20.8 + 9.4 vs. 16.6 + 9.6, p = 0.046), lower
Smoking status number of failed preventive medications (3.4 + 1.8 vs. 4.5 + 3.0,
Never 61 (55.5) p = 0.015), and higher baseline MIDAS score (92.4 + 71.0 vs.
Past 24(21.8) 56.9 + 47.3, p = 0.015), which maintained significance at multivar-
iate analysis (odds ratio [OR] [95% confidence interval (Cl)]: 1.062
Current 25(22.7)

[1.008-1.120], p = 0.024; 0.753 [0.600-0.946] p = 0.015; 1.011
[1.002-1.020] p = 0.017, respectively) (Tables 3, S1, and S2).
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TABLE 2 Frequency, severity, and . K K

. L Clinical variable Baseline Month 3 p value

impact of migraine as well as use of

abortive therapies at baseline and during MMD, mean (SD)? 17.5(9.2) 9.2(8.2) <0.0001

month 3 after erenumab start Monthly days with triptan use, mean (SD)? 7.0(7.7) 3.8(5.4) <0.0001
Monthly days with use of nontriptan 8.3(9.5) 5.3(7.2) <0.0001

analgesics, mean (SD)?

Patients with medication overuse, n (%) 51 (46.4) 19 (17.3) <0.0001
Patients with chronic migraine, n (%) 55 (50) 22 (20.0) <0.0001
Pain intensity (VAS), mean (SD) 7.9 (1.5) 5.5(1.9) <0.0001
Attack duration, h, mean (SD) 21.8(26.2) 10.1 (16.6) <0.0001
HIT-6 score, mean (SD) 65.6 (9.1) 56.3(10.9) <0.0001
MIDAS score, mean (SD) 66.6 (56.7) 30.7 (38.2) <0.0001

Abbreviations: HIT-6, Headache Impact Test-6; MIDAS, Migraine Disability Assessment; MMD,
monthly migraine days; VAS, visual analogue scale.

dCalculated during the 3 months before erenumab start.

TABLE 3 Multivariate logistic
regression analysis of clinical factors in

predicting 50% and 75% responder status

Clinical variable OR (95% ClI) p value
50% responder status, n = 59
BMI 0.908 (0.812-1.007) 0.069

No. of failed preventive medications
Baseline HIT-6 score

No. first-degree relatives with migraine

0.885(0.754-1.039) 0.135

75% responder status, n = 30

Age at migraine onset, years

No. of failed preventive medications
HIT-6 score before ERE start
MIDAS score before ERE start

1.068 (0.995-1.146) 0.069
1.357(0.934-1.972) 0.109
1.062 (1.008-1.120) 0.024
0.753 (0.600-0.946) 0.015
1.035(0.966-1.108) 0.328
1.011 (1.002-1.020) 0.017

Note: Multivariate logistic regression analysis of clinical variables with a significance level of p < 0.1
at the respective univariate analyses. Bold values indicates p < 0.05.

Abbreviations: BMI, body mass index; Cl, confidence interval; ERE, erenumab; HIT-6, Headache
Impact Test-6; MIDAS, Migraine Disability Assessment; OR, odds ratio.

Genotype distribution of all the selected SNPs were consistent
with HWE in the overall population (all p > 0.05). Despite no sig-
nificant associations found between any of the SNPs analyzed and
50-RESP status (Table S3), at univariate logistic regression analysis,
RAMP1 rs7590387 was found to confer a lower probability of being
75-RESP compared to the rs7590387C allele (for each G allele, OR
[95% Cl]: 0.53 [0.29-0.99], p = 0.048, Table 4). However, the nom-
inal association of RAMP1 rs7590387 with 75-RESP was lost after
adjustments for clinical confounders (OR [95% CI] 0.55 [0.28-1.10],
p = 0.09, Table 4).

DISCUSSION

We investigated clinical and genetic characteristics associated with
a reduction of MMDs by at least 50% (50-RESP) or 75% (75-RESP)
at month 3 after ERE start in a population of 110 migraine patients

treated at tertiary headache centers in Switzerland.

ERE effectiveness and safety profile in our real-word setting
study were in line with those seen in the registration trials [7-10]
and observational [13,17-20] studies. ERE treatment was associated
with significant improvements in frequency, intensity, and duration
of migraine, which is reflected in a reduced use of acute pain medi-
cation and ultimately in an improvement of migraine-related burden
as measured by MMDs, MIDAS, and HIT-6 scores.

The main finding of our study was that a lower number of failed
preventive medications, a higher MIDAS score, and an older age at
migraine onset were associated with a higher likelihood to favorable
response to ERE as defined by 75-RESP status, whereas no signifi-
cant associations were found when using the 50-RESP definition of
treatment responder.

The 75-RESP group had an average number of previous preven-
tive medications of 3.4 + 1.8, in line with inclusion criteria of the
LIBERTY trial [9]. The respective value for patients with a reduc-
tion of MMD inferior to 75% was 4.5 + 3.0, indicating a particularly
difficult-to-treat migraine population. When using the 50-RESP
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TABLE 4 Association analysis of SNPs with 75% responder status

Patients achieving Patients not achieving
MMD = 75%, MMD = 75%, Adjusted OR?
SNP n (%) n (%) Crude OR (95% CI) p value (95% ClI) p value
CALCRL rs696574
cc 18 (60.0) 60 (75.0) 1.60(0.76-3.34) 0.21 1.50 (0.65-3.47) 0.34
TC 11(36.7) 17 (21.3)
T 1(3.3) 3(3.8)
CALCRL rs6710852
T 19 (63.3) 67 (83.8) 2.13(0.91-4.95) 0.08 2.36(0.91-6.10) 0.08
TG 11(36.7) 11(13.8)
GG 0(0) 2(2.5)
CALCRL rs3213738
T 20 (66.7) 69 (86.3) 2.15(0.90-5.14) 0.08 2.47 (0.92-6.60) 0.07
TC 10(33.3) 9(11.3)
cc 0(0) 2(2.5)
RAMP1 rs302680
AA 21(70.0) 62 (77.5) 1.37(0.62-3.04) 0.44 1.32(0.55-3.18) 0.54
GA 8(26.7) 16 (20.0)
GG 1(3.3) 2(2.5)
RAMP1 rs13386048
GG 14 (46.7) 31(38.8) 0.90 (0.49-1.65) 0.74 0.89 (0.45-1.78) 0.74
GA 11(36.7) 38(47.5)
AA 5(16.7) 11(13.8)
RAMP1 rs12995100
T 5(16.7) 18 (22.5) 0.90(0.47-1.72) 0.74 0.73(0.35-1.55) 0.42
TC 21(70.0) 43(53.8)
cc 4(13.3) 19 (23.8)
RAMP1 rs12465864
AA 21(70.0) 51(63.8) 0.97 (0.44-2.13) 0.94 0.89 (0.37-2.17) 0.80
AG 7(23.3) 28(35.0)
GG 2(6.7) 1(1.3)
RAMP1 rs7590387
cc 13(43.3) 22(27.5) 0.53(0.29-0.99) 0.048 0.55(0.28-1.10) 0.09
GC 14 (46.7) 38(47.5)
GG 3(10.0) 20 (25.0)
RAMP1 rs75822777
GG 11(36.7) 42 (52.5) 1.66(0.87-3.14) 0.12 1.76 (0.85-3.65) 0.13
GA 15 (50.0) 32(40.0)
AA 4(13.3) 6(7.5)
RAMP1 rs302676
TT 22(73.3) 45 (56.3) 0.56 (0.24-1.32) 0.19 0.66(0.26-1.67) 0.38
TC 7(23.3) 34 (42.5)
cc 1(3.3) 1(1.3)
RAMP1 rs11673847
GG 19 (63.3) 54 (67.5) 1.01(0.46-2.22) 0.97 1.12 (0.47-2.69) 0.80
GA 11 (36.7) 23(28.8)

AA 0(0) 3(3.8)
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TABLE 4 (Continued)
Patients achieving Patients not achieving
MMD 2 75%, MMD = 75%, Adjusted OR?
SNP n (%) n (%) Crude OR (95% Cl) p value (95% Cl) p value
RAMP1 rs6431564
AA 6(20.0) 21(26.3) 0.91(0.48-1.76) 0.79 0.87 (0.41-1.85) 0.72
AG 21(70.0) 43(53.8)
GG 3(10.0) 16 (20.0)
RAMP1 rs4663269
TT 6(20.0) 19 (23.8) 1.17 (0.60-2.25) 0.65 0.82(0.39-1.74) 0.61
TC 18 (60.0) 47 (58.8)
cCc 6(20.0) 14 (17.5)
RAMP1 rs7603344
AA 14 (46.7) 41 (51.3) 1.35(0.67-2.70) 0.40 1.69 (0.76-3.72) 0.20
AG 13(43.3) 36 (45.0)
GG 3(10.0) 3(3.8)
RAMP1 rs7578855
TT 10 (33.3) 34 (42.5) 1.01(0.56-1.82) 0.98 1.01(0.52-1.96) 0.99
CcT 17 (56.7) 31(38.8)
CcC 3(10.0) 15(18.8)

Abbreviations: Cl, confidence interval; MMD, monthly migraine days; OR, odds ratio; SNP, single nucleotide polymorphism.

Logistic regression analysis adjusted by age at migraine onset, number of failed preventive medications, and Migraine Disability Assessment score
before erenumab start. Association of SNPs was assessed under the additive genetic model.

definition, the average number of previous preventive medications
did not survive the multivariate analysis. Accordingly, the number of
failed preventive medications was not significantly associated with
50-RESP status in a large study by Barbanti et al. [13] and two fur-
ther smaller studies [21,22]. Overall, it is clinically plausible that the
number of previously failed preventive medications gains relevance,
especially when addressing a more stringent therapeutic target such
as 75-RESP.

A higher MIDAS score indicates that headache is associated
with a relevant burden and limits daily activities [16]. It is conceiv-
able that higher MIDAS scores are more likely found in patients
with more severe forms of migraine. However, we did not find an
association between 50- or 75-RESP status and various character-
istics of migraine such as intensity, frequency, and duration when
considered individually, highlighting the very complex picture of
migraine in individual patients. MIDAS scores were not found to
be associated with 50-RESP by Russo et al. [23] and Matteo et al.
[22], whereas this covariate was not investigated in other observa-
tional studies assessing factors predictive of treatment response
to ERE [13,21].

Older age at migraine onset was associated with 75-RESP status,
indirectly pointing to the findings by Russo et al. [23] of an associa-
tion with migraine disease duration.

Interestingly, our study showed that in a real-word setting,
the 75-RESP definition, and less so the 50-RESP definition, could
contribute to identifying relevant clinic predictors of response
to ERE. Compared to 50-RESP status, 75-RESP status better
segregates those patients with a clear-cut positive response to

ERE, and therefore likely better identifies their respective clinic
characteristics.

Our migraine population was treated with ERE 70 mg monthly.
According to the Swiss reimbursement criteria, it is possible to in-
crease ERE dose from 70 to 140 mg monthly in case of <50% re-
sponse after 3 months of therapy. It is therefore conceivable that a
proportion of nonresponders under ERE 70 mg monthly treatment
would become 50- or 75-RESP following dose increase. For this rea-
son, we are following these patients to capture the effect of any
dose changes on our results. This will also allow us to investigate the
population of those resistant or refractory migraine patients who do
not respond to either ERE dose, representing currently a relevant
research topic [24,25].

We could not identify SNPs with significant association for 75-
RESP or 50-RESP status after adjustment for various clinical vari-
ables. Besides indicating that common SNPs of CALCRL and RAMP1
do not likely exert major effects in predicting response to ERE, this
finding might reflect the low statistical power of our study to de-
tect associations with small genetic effect sizes. Despite this, results
of univariate logistic regression analysis revealed an allele dosage
association between RAMP1 rs7590387G and a lower probability
of being 75-RESP compared to the major rs7590387C allele. No
expression or functional data currently exist regarding rs7590387.
It should be noted that it is localized 1.4 kb downstream of the
RAMP1 gene; however, case-control genetic association studies
[26,27] have excluded its role as a risk factor for migraine. Despite
this, the rs7590387G allele at the RAMP1 locus has been found as-
sociated with a lower risk for transformation of episodic migraine
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into medication-overuse headache [26], suggesting involvement of
RAMP1 rs7590387 in migraine chronification. In view of these find-
ings and the results of our present study, larger studies are needed
to confirm a possible effect of RAMP1 rs7590387 on the clinical re-
sponse to ERE.

When considering the whole class of mAbs targeting the CGRP
system in migraine, we are aware of a single study of whole-genome
genotyping presented at the 2019 International Headache Congress
(IHC), which failed to show associations between eptinezumab clini-
cal response and patient genotype [28].

Our study has some limitations. First, the small sample size
limits the power to detect genetic predictors in response to
ERE, particularly if these only confer a weak modulation effect.
Considering that our study included 110 migraineurs, of which
27.3% were 75-RESP, and assuming a power of 80% with signif-
icance level of 0.05, the minimal detectable OR under the addi-
tive model of SNPs with minor allele frequencies ranging from
0.1 to 0.5, was found to be between 2.4 and 3.1. Therefore, the
sample size of our study is adequate for evaluation of clinically
relevant SNPs with medium and large effects, but substantially
underpowered for investigation of SNPs with small-effect sizes.
Furthermore, confirmation of our findings is warranted in a
larger cohort of ERE-treated migraine patients. Assuming 27.3%
of 75-RESP, the sample size required for an independent study
to replicate the association of RAMP1 rs7590387 (MAF = 0.18)
under the additive model (ORadjusted = 0.55), with a power of 80%
and significance level of 0.05, was calculated to be 308. Second,
we did not apply post hoc correction for multiple SNPs testing,
because this was a hypothesis-generating study. Hence, repli-
cation studies aiming to also confirm the association of CALCRL
gene variants (i.e., rs6710852 and rs3213738) should take into
account multiple testing to properly control the false positive
rate. Additionally, our study lacked a control group for potential
confounding, which would also be recommended in replication
studies. Also, RAMP1 gene sequencing should be considered to
identify, if any, causal variants with functional effects on ERE
binding and/or on signal transduction of the CGRP receptor. In
addition, our definitions of 50- and 75-RESP to ERE are based
on the respective reduction in MMDs, which does not com-
prehensively represent all migraine dimensions. Still, these are
recognized outcome measures wildly used in clinical trials and
observational studies. Our findings are not directly generalizable
to other migraine populations, because these might significantly
differ from ours, or to other mAbs targeting the CGRP system,
because those available so far bind the CGRP ligand rather than
the CGRP receptor.

Our study led to the finding that the therapeutic response to ERE
can be modulated by clinical variables (number of failed preventive
medications, migraine-related burden and age) and possibly by ge-
netic factors, such as rs7590387 at the RAMP1 locus. If confirmed
in larger controlled studies, these factors might be integrated in the
treatment-decision algorithm to optimize individualized patient care
and health resources allocation.
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