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Abstract

Background Randomized clinical trials have demonstrated efficacy and safety of erenumab. The aim of this study
is to evaluate the effectiveness and safety of erenumab in a real-world setting in French patients with migraine associ-
ated with extreme unmet needs.

Methods This is a one year-prospective real-word study with enrolment of all consecutive adult patients included
in the FHU InovPain registry who participated in a compassionate erenumab use program.

Results Of 144 patients included, 140 patients (82.1% female / mean age of 50.9+ 11.4) received at least one dose

of erenumab and were concerned by effectiveness and safety assessment. All patients had failed 11 oral preven-

tive treatments. Most of them suffered from chronic migraine (88.6%) and presented a medication overuse (90.7%)

at baseline. Thirty-eight (27.1%) discontinued treatment during the 12-month follow-up, with 22 (15.7%), 11 (7.9%)
and 5 (3.6%) patients before 3, 6 or 9 months of treatment. The proportion of > 50% responders at M3, M6, M9

and M12 was 74/140 (52.9%), 69/118 (58.5%), 61/107 (57.0%) and 60/102 (58.8%) respectively. At M3, the rate of rever-
sion from chronic migraine to episodic migraine was 57.3% and the rate of transition from medication overuse

to non-overuse was 46.5%. For monthly migraine days, the median (IQR) was 18.0 (13.0-26.0), 9.0 (5.0-17.0), 7.5
(5.0-14.0),8.0 (5.0-12.5) and 8.0 (5.0-12.0) at MO, M3, M6, M9 and M12 respectively. For HIT-6 score, the median (IQR)
was 68.0 (63.8-73.3), 60.0 (54.0-65.0), 60.0 (50.3-53.0), 59.0 (50.0-63.0) and 58.0 (50.0-62.9) at MO, M3, M6, M9 and M12
respectively. Fifty-three (37.9%) patients reported at least one of the following adverse events: cutaneous erythema
and/or pain at the injection site for 42 (30%) patients, constipation for 22 (15.7%) patients, muscle spasm for 2 (1.4%)
patients, alopecia for one (0.7%) patient and blood pressure increase in one (0.7%) patient. There was no serious
adverse event. One female patient became pregnant after 5 months of exposure to erenumab with a safe evolution
after treatment discontinuation.

Conclusion This first French real-world study related to migraine prevention with CGRP-mAbs confirms effectiveness
and safety of erenumab in patients with extreme unmet needs.
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Background

Targeting the pathway of calcitonin gene-related peptide
(CGRP) has opened a new era for migraine treatment
[1]. Thus, the prophylaxis of migraine has experienced
major changes since the introduction of monoclonal
antibodies (mAbs) targeting the CGRP (eptinezumab,
galcanezumab, fremanezumab) or the CGRP recep-
tor (erenumab), together referred to as CGRP-mAbs.
These substances form the first class of drugs specifi-
cally developed for migraine prevention and randomized
clinical trials have demonstrated both their efficacy [2]
and short-term safety [3]. Altogether, CGRP-mAbs are
approved for migraine with at least 4 migraine days per
month but access and reimbursement differ from one
country to to another, despite an evaluation based on the
same evidence and in particular on randomized clinical
trials that involved difficult-to-treat patients with mul-
tiple treatment failures [4—7]. In France, the Transpar-
ency Committee (Commission de Transparence) of the
French National Authority for Health (Haute Autorité de
Santé) has approved the principle of the reimbursement
of CGRP-mAbs for the target population of migraine
sufferers with at least 8 migraine days per month and at
least two previous oral prophylactic treatment failures.
However, due to the absence of direct efficacy compari-
son with a clinically relevant comparator, the Transpar-
ency Committee rated the clinical added value (CAV)
of CGRP-mAbs at level V. With a CAV level V,meaning
no improvement with respect to therapeutic strategy, it
was not possible to reach an agreement following price
negotiations between the pharmaceutical companies and
the Economic and Public Health Evaluation Committee
(Comité Economique des Produits de Santé). As a result,
CGRP-mAbs are not reimbursed for French migraine
sufferers. Two antibodies (fremanezumab and galcan-
ezumab) are available on an ‘out of pocket’ basis and a
third (eptinezumab) is in the process of being integrated
into the treatments offered by certain hospitals (this inte-
gration is subject to the medico-economic evaluation
carried out by each hospital).

In this context of limited access to CGRP-mAbs,
Novartis Pharma SAS has setup a compassionate use
program in order to make erenumab available free of
charge for one year to adult migraine patients who are in
need of prophylaxis and for whom no acceptable alterna-
tive prophylactic treatment was available. This compa-
sionate program was accessible to French Neurologists
under their full responsibility and this has enabled us to

offer cost-free erenumab to the most severe patients fol-
lowed in our center. This opportunity was all the more
important for these patients as onabotulinumtoxinA was
still not approved for the prophylaxis of chronic migraine
by the French health authorities when the compassion-
ate program was initiated. As well as responding to the
unmet needs of our most severely affected patients, this
has provided an opportunity to set up the first French
real-word study on CGRP-mAbs in migraine prevention.

Methods

Research context

This study has been carried out as part of the Federation
Hospitalo-Universitaire (FHU) InovPain. FHU InovPain
consists of a research network dedicated to innovative
solutions for chronic refractory pain, including head-
ache disorders. This network brings together a number
of research teams from public institutions and private
healthcare companies, under the coordination of the
Cote Azur University and the Nice University Hospital.
Approved by the National Alliance for Life Sciences and
Health (AVIESAN), it is currently the only FHU dedi-
cated to pain and headaches in France. Like all FHUs in
France, this network was built to facilitate translational
research in all its facets from basic research, translation
to humans, translation to patients, translation to clinical
practice and translation to the community. With regard
to these last two aspects, which involve clinical imple-
mentation and public health, FHU InovPain is based on
a patient registry to facilitate real-world observational
research and, in particular, to assist French health author-
ities and manufacturers to collect data for the assessment
of new drugs and/or new medical devices before and
after they are marketed.

Type of study

This study is a one year-prospective, cohort, real-word
study carried out in the Pain Department of the Nice
University Hospital.

Participants

All consecutive adult patients included in the FHU
InovPain registry who participated in the compassion-
ate erenumab use program set up by Novartis Pharma
SAS were considered for enrolment. The inclusion crite-
ria for the compassionate erenumab use program were:
i) age over 18 years; ii) migraine (without or with aura)
according to the diagnostic criteria of the 3rd edition of
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the International Classification of Headache Disorders
(ICHD-3); iii) at least 8 migraine days per month con-
firmed in a headache diary kept prospectively for at
least one month before starting the program; iv) impact
requiring prophylactic treatment according to the prac-
titioner’s judgement and v) no therapeutic alternative
to the prescription of a CGRP-mAb. This last inclusion
criterion corresponded to failure (efficacy failure after
administration of drug for at least 2-3 months at gen-
erally accepted therapeutic doses / tolerability failure
defined as discontinuation due to adverse event / con-
traindication) for all treatments with an approval for
migraine prevention (amitriptyline, flunarizine, meto-
prolol, oxetorone, pizotifen, propranolol, topiramate) and
those used off-label in tertiary migraine treatment cent-
ers (candesartan, lisinopril, sodium valproate, venlafax-
ine). OnabotulinumtoxinA was not considered in this last
criterion because it was still not approved for the prophy-
laxis of chronic migraine by the French health authori-
ties when patients were included in the compassionate
erenumab use program. The exclusion criteria for the
compassionate erenumab use program were: i) hypersen-
sitivity to the active substance or to one of the excipients;
ii) pregnant or breast-feeding woman; and iii) history of
cardiovascular disease. The last exclusion criterion did
not concern high blood pressure (HBP), provided that it
was well controlled by antihypertensive treatment.

Treatment

Erenumab was administered every 4 weeks (+4 days), the
subcutaneous injection (thigh, abdomen or arm) being
carried out by a nurse or physician at the Nice University
Hospital, to which the patient came monthly for his/her
assessment and treatment visit. The treatment was avail-
able for one year, with a maximum of 12 injections under
this compassionate program. The unit dose was 70 mg
or 140 mg at the start of treatment, depending on the
practitioner’s judgement of the severity of the patient’s
clinical condition. If the unit dose at MO was 70 mg and
was well tolerated, it could be increased to 140 mg if the
therapeutic effect was deemed insufficient. At M3, treat-
ment was continued if the patient showed a reduction
in migraine days of at least 30%. Despite a reduction in
migraine days of less than 30%, treatment could be con-
tinued if headache days and/or drug consumption had
been reduced by at least 30% and the practitioner judged
these reductions to be clinically relevant. After the first
two administrations of erenumab (MO and M1) and
throughout the compassionate erenumab use program,
the unit dose remained flexible (possibility of increasing
to 140 or reducing to 70 mg) depending on the effective-
ness and tolerability assessment after discussion between
the patient and the practitioner.

Page 3 of 14

Assessment

Assessment was performed at baseline and each month
by a trained neurologist with a face-to-face interview
using the file that allowed to prospectively collect
data in the FHU InovPain registry. This file included
a headache diary filled in prospectively to assess: i)
the monthly number of headache days (MHD); ii) the
monthly number of migraine days (MMD) (defined
as a day with a headache meeting the ICHD-3 C and
D criteria for migraine without aura, or a day with a
symptomatology meeting the ICHD-3 B and C crite-
ria for migraine with aura, or one day with a headache
considered by the patient to be migraine at onset and
relieved by taking a specific migraine medication) and
iii) the monthly number of days with acute treatment
and/or symptomatic headache treatment used to assess
the presence of medication overuse (MO) defined
according to ICHD-3 criteria:>10 days per month of
consumption for triptans, opioids and drug combina-
tions; > 15 days per month of consumption for par-
acetamol, aspirin and non-steroidal anti-inflammatory
drugs. This file also included various questionnaires
patient-reported outcome (PRO) measures such as
the HAD scale to assess emotional impairment (anxi-
ety and depression), the HIT-6 scale to assess impact,
the EQ5-D scale to assess health status and the Patient
Global Impression of Change (PGIC). For this study,
the data considered were: i) MHD and MMD in the
month preceding the first administration of erenumab
and then each month for one year (or until study dis-
continuation for patients not receiving one year’s treat-
ment) in order to establish the mean MHD and MMD
at baseline (MO0) and at 3 (M3), 6 (M6), 9 (M9) and 12
(M12) months following the first erenumab admin-
istration; ii) migraine form (high frequency episodic
migraine [HFEM] or chronic migraine [CM]) at base-
line (MO) and at 3 (M3), 6 (M6), 9 (M9) and 12 (M12)
months following the first erenumab administration; iii)
presence or absence of MO before the first administra-
tion of erenumab (MO) and at 3 (M3), 6 (M6), 9 (M9)
and 12 (M12) months following this first administra-
tion; iv) HAD anxiety score and HAD depression score
before the first administration of erenumab (MO); v)
EQ-5 index before the first administration of erenumab
(MO); vi) HIT-6 score before the first administration of
erenumab (MO) and at 3 (M3), 6 (M6), 9 (M9) and 12
(M12) months following this first administration; vii)
PGIC score at 3 (M3), 6 (M6), 9 (M9) and 12 (M12)
months following the first administration of erenumab.
Adverse events were also recorded at each monthly
visit to assess and administer the treatment. Safety data
were collected by questioning by a nurse or doctor and
by systematically taking blood pressure.
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Outcomes

The primary efficacy endpoint was the proportion of
patients who achieved at least 50% reduction from base-
line (M0) in MMDs at M3, M6, M9 and M12. Secondary
efficacy endpoints were the change from baseline (MO)
in MMDs, MHDs and HIT-6 at M3, M6, M9 and M12.
The following secondary endpoints were also assessed:
proportion of patients who achieved at least 75% reduc-
tion from baseline (M0) in MMDs at M3, M6, M9 and
M12, proportion of patients who achieved at least 30%
reduction from baseline (M0) in MMDs at M3, M6, M9
and M12, proportion of patients converting from CM at
baseline to EM at M3, M6, M9 and M12, proportion of
patients converting from MO at baseline to non-MO at
M3, M6, M9 and M12, PGIC at M3, M6, M9 and M12.
Safety and tolerability were assessed by observed or
reported adverse events.

Statistics

The study’s sample size was not calculated based on sta-
tistical considerations. All consecutive adult patients
included in the FHU InovPain registry who participated
to the compassionate erenumab use program set up by
Novartis Pharma SAS from April 2019 to September
2021 were included.

The data were described using the mean and standard
deviation [SD] or median interquartile range [IQR] for
quantitative variables and the frequency and percent-
age for qualitative variables. To address the primary
endpoint, the 50% responder rate was studied. Data at
M6, M9 and M12 were compared with those obtained
at M3 using McNemar tests. As 3 comparisons were
performed for each measure, a p-value<0.016 (0.05/3)
was considered as significant. Data collected at baseline
(age, gender, MMD, MHD, migraine form, MO, HAD A,
HAD D, EQ-5D, HIT-6, psychiatric comorbidities, oth-
ers comorbidities, tripan responsiveness) were tested
using univariate analysis to determine if they were sig-
nificantly related to the 50% responder rate at M3, M6,
M9 and M12. Student’s t-tests were used for quantitative
variables and Chi-square tests for qualitative variables.
Variables with p-value <0.05 in univariate analysis were
used to construct multivariate logistic regression. Only
variables with p-value <0.05 in the final model were kept.
Adjusted Odds-ratio (AdjOR) and 95% confidence inter-
vals (95%CI) were shown. In order to compare changes
in MMD, MHD, HIT score, the presence of MO and the
migraine form between baseline and the different assess-
ment times (M3, M6, M9 and M12), paired Student’s
t-tests (quantitative variables) and McNemar tests (quali-
tative variables) were performed. As 4 comparisons were
performed for each measure, a p-value<0.013 (0.05/4)
was considered as significant. Change from baseline to
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M3, M6, M9 and M12 for MMD, MHD and HIT scores
were calculated. Due to the discontinuation of erenumab
by some patients prior to M12, additional analysis of
responder rate, MMDs and MHDs was performed using
a last observation carried forward (LOCF) analysis. Anal-
yses were performed using R-4.3.0 software.

Ethics / regulations

This observational study did not require the authoriza-
tion of an ethics committee. This study was part of the
FHU InovPain registry clinical research program which
received authorization from the National Commission
on Informatics and Liberty (Commission Nationale de
Ulnformation et des Libertés—CNIL | CIL register no.
278 dated 11/09/2017). Patients were included only after
signing two separate written informed consents: a first
one enabling their personal data to be transmitted to
Novartis Pharma SAS to validate their eligibility in the
compassionate program allowing them to benefit from
free erenumab and a second allowing the data collected
in the FHU InovPain registry database to be used for
clinical research purposes.

The study was performed according to the Strengthen-
ing the Reporting of Observational Studies in Epidemi-
ology (STROBE) guidelines [8]. Novartis was involved
only in the supply of erenumab to our hospital pharmacy
without direct contact with patients included in the
study. Novartis was not involved in the collection, quality
control and analysis of the data.

Results

Demographic and headache characteristics at baseline
One hundred and forty-four patients were included in
the study. One hundred and forty patients received at
least one dose of erenumab and were concerned by effec-
tiveness and safety assessment. One hundred and forty,
118, 107 and 102 patients were available for effectiveness
and safety assessment at M3, M6, M9 and M12, respec-
tively. Reasons for study discontinuation are reported
in Fig. 1. Thirty-eight (27.1%) discontinued treatment
during the 12-month follow-up, with 22 (15.7%), 11
(7.9%) and 5 (3.6%) patients before 3, 6 or 9 months of
treatment respectively. The major cause of discontinua-
tion was ineffectiveness (n=31/38; 81.5%) followed by
withdrawal because of patient’s choice (n=4/38; 10.5%),
adverse event (n=2/38; 5.3%) and pregnancy (n=1/38;
2.6%). The majority of patients who received at least one
dose of erenumab and concerned by assessment were
female (82.1%) with a mean age of 50.9+11.4 (range:
19-75). Demographic and headache baseline charac-
teristics of patients are reported in Table 1. Most of the
patients (88.6%) suffered from CM. Most of the patients
(90.7%) presented with a baseline MO which involved
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144 patients eligible
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4 patients didn’t receive at least one dose
of erenumab due to new medical problem

J

between the inclusion and the first
erenumab administration

140 patients
received monthly erenumab from MO to M2
(MO unit dose 70mg / 100mg : 114/76)

and available for effectiveness and safety assessment at M3

22 patients discontinued
19 patients for ineffectiveness

I

v

2 patients with consent withdrawal
(leaving the region)

118 patients
received monthly erenumab from M3 to M5
(M3 unit dose 70mg / 100mg : 8 / 110)

and available for effectiveness and safety assessment at M6

1 patient for adverse event

11 patients discontinued
8 patients for ineffectiveness

J

> 1 patient with consent withdrawal
(leaving the region)
1 patient for pregnancy

107 patients
received monthly erenumab from M6 to M8
(M6 unit dose 70mg/100mg : 6/101)

and available for effectiveness and safety assessment at M9

1 patient for adverse event

5 patients discontionued

v

J

4 patients for ineffectiveness
1 patient with consent withdrawal
(wish to stop the treatment)

102 patients
received monthly erenumab from M9 to M11
(M9 unit dose 70mg/100mg : 5/ 97)

and available for effectiveness and safety assessment at M12

Fig. 1 Flow-chart of patients from inclusion to study end with initial evaluation at baseline (M0) and evaluation at month 3 (M3), month 6 (M6),

month 9 (M9) and month 12 (M12)

mainly nonsteroidal anti-inflammatory drugs (22.9%
of the included population), weak opioids (25.7% of the
included population) and triptans (71.4% of the included
population). According to inclusion criteria of the com-
passionate erenumab use program, all patients had failed
11 oral preventive treatments and only 4 (2.9%) had con-
tinued oral prophylactic treatment.

Unit dose throughout the compassionate erenumab use
program

The repartition of erenumab unit dose (70 mg / 140 mg)
was 114/ 26,13 /127,8 /110,6 /101,5 /97 and 5 / 97 at
MO, M1, M3, M6, M9 and M12 respectively (Fig. 1).

Primary efficacy endpoint

The proportion of>50% responders at M3, M6, M9
and M12 was 74/140 (52.9%), 69/118 (58.5%), 61/107
(57.0%) and 60/102 (58.8%) respectively (Fig. 2). Com-
parison of responder rates at M6, M9 and M12 with
those at M3 showed no statistically significant differ-
ence (p=0.505, p=0.330 and p=0.493 respectively).

In univariate analysis, a positive association emerged
between the 50% response rate at M3 and MMD
(p<0.001), MHD (p<0.001) and EQ-5D (p=0.025) at
baseline (Table 2). At M6, a positive association appeared
between the 50% response rate and age (»p =0.039), MHD
(p=0.011), MMD (p=0.001) and psychiatric comorbidi-
ties (p=0.012) (Table 2). Only psychiatric comorbidities
(p=0.002) were associated with the 50% response rate
at M9 (Table 2). Medication overuse (p=0.039), EQ-5D
(p=0.012) and psychiatric comorbidities (p=0.002) were
associated with the 50% response rate at M12 (Table 2).
Multivariate logistic regression developed from the vari-
ables with p-value<0.05 in univariate analysis identi-
fied baseline variables predictive of therapeutic response
only for M6. Three variables found to be associated
to the 50% responder rate at M6 were a lower MHD
(AdjOR=0.93, 95%CI=[0.89; 0.99], p=0.036), a lower
age (AdjOR=0.96, 95%CI=[0.93; 0.99], p=0.045) and
absence of psychiatric comorbidities (AdjOR=2.61,
95%CI=[1.19; 5.87], p=0.017) were associated to the
50% responder rate at M6 (Table 3).
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Table 1 Demographic and headache baseline characteristics
of patients who received at least one dose of erenumab and
concerned by effectiveness and safety assessment (n=140)

Characteristics N=140
Gender

Female 115 (82.1%)

Male 25 (17.9%)
Age 509+114
MHDs 225473
MMDs 19674
Migraine form

MEHF 16 (11.4%)

M 124 (88.6%)
Medication overuse

Yes 127 (90.7%)

No 13(9.3%)
HAD

Anxiety 95+44

Depression 75+48

HIT-6 680+59

EQ-5D 0.55+0.30
Concurrent oral preventive treatment

Yes 4 (2.9%)

No 136 (97.1%)
Psychiatric comorbidities

Yes 69 (49.3%)

No 71 (50.7%)
Other comorbidities

Yes 38 (27.1%)

No 102 (72.9%)
Triptan responsiveness

Yes 106 (75.7%)

No 34 (24.3%)

Secondary efficacy endpoints
For MMDs, the median (IQR) was 18.0 (13.0-26.0), 9.0
(5.0-17.0), 7.5 (5.0-14.0), 8.0 (5.0-12.5) and 8.0 (5.0—
12.0) at M0, M3, M6, M9 and M12, respectively (Fig. 3).
For MHDs, the median (IQR) was 23.0 (16.0-30.0), 11.0
(6.0-22.3), 11.0 (6.0-19.0), 9.0 (6.0-16.0) and 9.0 (6.0—
15.8) at M0, M3, M6, M9 and M12, respectively (Fig. 3).
For HIT-6 score, the median (IQR) was 68.0 (63.8—73.3),
60.0 (54.0-65.0), 60.0 (50.3-53.0), 59.0 (50.0-63.0) and
58.0 (50.0-62.9) at M0, M3, M6, M9 and M12, respec-
tively (Fig. 3). For MMDs, MHDs and HIT-6 score,
paired t-test of M3, M6, M9 and M12 with MO showed
statistically significant differences (p <0.001). For MMDs,
MHDs and HIT-6 score, changes from baseline (MO0) at
M3, M6, M9 and M12 are presented in Table 4.

The proportion of>75% responders at M3, M6, M9
and M12 was 22/140 (15.7%), 21/118 (17.8%), 25/107
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(23.4%) and 24/102 (23.5%), respectively (Fig. 2). Com-
parison of 75% responder rates at M6, M9 and M12 with
those at M3 showed no statistically significant difference
(p=1.000, p=0.297 and p=0.275 respectively). The pro-
portion of>30% responders at M3, M6, M9 and M12
was 114/140 (81.4%), 95/118 (80.5%), 85/107 (79.4%)
and 85/102 (83.3%) respectively (Fig. 2). Comparison of
30% responder rates at M6, M9 and M12 with those at
M3 showed statistically significant differences (p=0.001,
»<0.001 and p=0.002 respectively).

The proportion of patients with CM was reduced at M3
(53/140, 37.9%), M6 (41/118, 34.7%), M9 (32/107, 29.9%)
and M12 (25/102, 24.5%) compared with MO (124/140,
88.6%) (p<0.001) (Fig. 4). At M3, the rate of reversion
from chronic migraine to episodic migraine was 57.3%.
The proportion of patients with MO was reduced at M3
(68/140, 48.6%), M6 (51/118, 43.2%), M9 (43/107, 40.2%)
and M12 (39/102, 38.2%) compared with MO (127/140,
90.7%) (p<0.001) (Fig. 4). At M3, the rate of transition
from MO to non-overuse was 46.5%

PGIC at M3, M6, M9 and M12 are presented in Fig. 5.
Patients who reported considerable or major improve-
ment were 78/140 (55.7%), 68/118 (57.6%), 62/107
(57.9%) and 67/102 (65.7%) at M3, M6, M9 and M12,
respectively.

LOCF analysis

LOCF analysis showed similar results in terms of
responder rates, MMDs, MHDs, HIT-6 score. Results are
presented in Table 5.

Safety and tolerability assessment

Fifty-three (37.9%) patients reported at least one adverse
event including: cutaneous erythema and/or pain at the
injection site for 42 (30%) patients, constipation for 22
(15.7%) patients, muscle spasm for 2 (1.4%) patients, alo-
pecia for one (0.7%) patient and blood pressure increase
in one (0.7%) patient. There was no serious adverse event.
In two (1.4%) patients, constipation led to discontinua-
tion of treatment at M3 in one patient and at M6 in the
other. The patient who experienced an increase in blood
pressure did so after 3 months of erenumab use. This
patient had a history of well-controlled HBP at the time
of inclusion in the compassionate erenumab use pro-
gram. This worsening of HBP was judged by the patient’s
referring cardiologist to be of moderate intensity and was
rapidly brought under control by adapting the antihyper-
tensive treatment. In view of these elements and the fact
that the concerned patient had a 75% response rate, it
was decided that the benefit/risk ratio was in favor of ere-
numab and treatment was continued. No worsening of
HBP was observed during the additional 9 months of the
compassionate erenumab use program for this patient.
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Responders

90
81.4
80
70
60 52.9
50
N3
40
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20 15.7
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0
M3 (n=140) n=118)

80.5 79.4
58.5 57 58.8
23.4 235
17.8
M6 ( M9

83.3

(n=107) M12 (n=102)

m>30 m>50 >75
Fig. 2 Reponder rates (=>30%,>50% as primary endopoint, > 75%) et M3, M6, M9 and M12

One female patient became pregnant after 5 months of
exposure to erenumab. Treatment was stopped as soon as
the pregnancy was known. The pregnancy and delivery
proceeded normally with no neonatal problems.

Discussion

A number of real-world studies of migraine treatment
with CGRP-mAbs have been published with a major-
ity of studies on erenumab which was the first to obtain
approval for migraine prevention [9, 10]. These studies
are characterized by a significant methodological hetero-
geneity [11] and interpretation of their results could be
hampered by retrospective data collection, small patient
numbers, and short follow-up periods. Nevertheless,
some prospective studies, with at least one year’s follow-
up in more than 100 patients, support meaningful effec-
tiveness and safety of erenumab in real-world patient
populations including patients with CM, patients with
MO and patients with multiple preventive treatment fail-
ures [12-15].

In this one year-prospective clinical-based study, we
examined the effectiveness and safety of erenumab in a
sample of 140 French adult migraine sufferers included
in the FHU InovPain regstry and who participated in a
compassionate use program. According to the inclusion
criteria of this compassionate use program, patients had
at least 8 migraine days per month and previous failure
of all available oral prophylactics whether approved (ami-
triptyline, flunarizine, metoprolol, oxetorone, pizotifen,
propranolol, topiramate) or used oft-label (candesartan,
lisinopril, sodium valproate, venlafaxine).

In a per-protocol analysis considering patients who
continued treatment up to each evaluation time, the

results show that 52.9%, 58.5%, 57.0% and 58.8% of
patients achieved >50% reduction in MMDs from base-
line to month 3, month 6, month 9 and month 12 respec-
tively. In an intention-to-treat (ITT) approach using
LOCE, the results show that 52.9%, 50.0%, 46.4% and
46.4% of patients achieved>50% reduction in MMDs
from baseline to month 3, month 6, month 9 and month
12 respectively. Such 50% response rates collected pro-
spectively during one year of erenumab use were close
to those estimated in a recent systematic review of real-
world data related to CGRP-mAbs for migraine prophy-
laxis [9]. The per-protocol results show that 81.4%, 80.5%,
79.4% and 83.3% of patients achieved>30% reduction
in MMDs from baseline to month 3, month 6, month 9
and month 12 respectively whereas ITT results show that
81.4%, 70.0%, 65.7% and 66.4% of patients achieved >30%
reduction in MMDs from baseline to month 3, month 6,
month and month 12 respectively. The 30% response rate
is important to consider because 88.6% of the patients
included in this real-world study suffered from CM at
baseline and a 30% reduction in MMDs is suggested to
be clinically meaningful for CM [16]. The benefit of ere-
numab for patients with CM is supported by the propor-
tion of patients suffering from CM which was reduced to
37.9% at 3 months. The rate of reversion from CM to EM
(57.3%) observed 3 months after the erenumab start in
our real-world study is close to that estimated by a post-
hoc analysis [17] of a randomized double-blind, placebo-
controlled, phase 2 trial [18] and to those estimated in
other real-world studies [12, 13]. This clinically relevant
rate of reversion form CM to EM was associated with
46.5% of patients who presented a transition from MO
to non-overuse at M3. The rate of transition from MO
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Table 3 Logistic regression analysis of > 50% reponse et M6
Variables Coefficient (b) SE Wald x2 p-value AdjOR [95% CI]
MHD -0.06 0.03 4.0 0.036 0.93 [0.89;0.99]
Age -0.04 0.02 44 0.045 0.96 [0.93;0.99]
Psychiatric comorbidities (No  0.96 0.40 56 0.017 261 [1.19;5.87]
vs Yes)

N i

2 ¥

Time
*Paired ttest with M0 <.001

60

HIT

50
!

40
1

T T T T T
Mo M3* M6* Mo* M12%

Time
*Paired t-test with M <.001

£ e :‘
= H
e

T T T T T
MO M3* M6* Mo* M12*

Time
*Paired t-test with MO : <.001

Fig. 3 Median with IQR of monthly migriane days (MMDs), monthly headache days (MHDs) and HIT6-score (HIT) at MO, M3, M6, M9 and M12

to non-overuse observed in our study is lower than that
shown by a preplanned subgroup analysis [19] of the piv-
otal study that evaluated efficacy and safety of erenumab
in patients with CM [18]. This difference may be due to
the exclusion of patients using opioid-containing combi-
nation drug analgesics on>4 days/month in the pivotal
study used for the subgroup analysis [18] whereas opioid
overusers represented more than a quarter of the MO
patients in our study.

For the whole population included in our study, the
changes in MMDs, MHDs and HIT-6 score from M3 to

M12 are close to those observed in the other prospective
real-life studies that evaluated the efficacy of erenumab
over at least one year [12-15]. Our logistic regression
suggested that younger age was a positive predictor of
erenumab effectiveness wheras high headache frequency
and psychiatric comorbidity were negative predictors. A
recent meta-analysis of real-world data identified a large
number of positive predictors (good response to triptans,
unilateral pain with, and unilateral autonomic symptoms)
and negative predictors (obesity, interictal allodynia, the
presence of daily headache, a higher number of previous
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Table 4 Monthly migriane days (MMDs), monthly headache
days (MHDs) and HIT6-score (HIT) at MO, M3, M6, M9 and M12
with change from baseline (BL or M0) at M3, M6, M9 and M12

Mo M3 M6 M9 M12
Patients (n) 140 140 118 107 102
MHDs 225+73 145+96° 134+90° 122+86° 11.9+87°
Change - 80+7.1 86+74 94485 98+78
from BL
MMDs 196+74 11.5+85" 100+68" 92+6.1° 90+6.3°
Change - 8.1+£59 88+6.1 91465  92+57
from BL
HIT 680+60 593+81% 570+89% 565+99* 56.5+9.0°
Change - 88+77 109+£88 113+96 11.1+£86
from BL

2 Paired t-test with M0 <.001

prophylactic treatment failures, and psychiatric comor-
bidities including depression) [20]. Nevertheless, as dis-
cussed in a recent narrative review [21], the predictive
value of these variables is not high and hence of low use-
fulness to select patients as candidates for CGRP-mAbs.
The adverse event incidence, the absence of seri-
ous adverse event, the low rate of treatment discon-
tinuation due to adverse events and the most frequent
adverse events observed in our study are close to those
reported in erenumab randomized clinical trials [22]
and their long-term extensions [23]. The main adverse
event was constipation, as has been the case in other
real-world studies of erenumab over a long period
of time [12-15]. As in erenumab randomized clini-
cal trials [22] there was no pattern of gastrointestinal
history in patients who developed constipation in our
study (data not shown). The proportion of patients who
stopped treatment among those who experienced con-
stipation (2/22) in our study was significantly lower
than those observed in the two previous studies per-
formed in Denmark [14] and in the UK [15]. Unlike
the Danish and British studies, in which patients were
seen every 3 months or less, our study enforced a
monthly visit, making it easier to provide early treat-
ment (dietary measures and/or symptomatic treat-
ment), thereby reducing the discomfort caused by this
adverse event. The results of systematic blood pressure
measurement at each monthly visit for all patients in
our study are reassuring. However, the HBP worsening
in our patient with a HBP history and the patient with
new-onset HBP reported in the UK study [15] indi-
cate the importance of monitoring blood pressure in
patients treated by CGRP-targeting drugs as confirmed
in a recent Dutch study [24]. This real-world safety
study performed on 196 Dutch patients treated with
erenumab (109) or fremanezumab (87) in the Leiden
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Headache Center showed that the mean systolic and
diastolic blood pressure increased after treatment with
CGRP-mAbs was started with a long-lasting effect. The
majority of patients remained within normal blood
pressure limits, but 4 patients (3.7%) without HBP his-
tory required antihypertensive treatment after ere-
numab was started. Finally, one of our female patients
became pregnant after 5 months of erenumab exposure
without complications during pregnancy and no health
issues in the new-born and in the post-partum mother.
Pregnancy occurred in three female patients during
the erenumab treatment and with a safe evolution after
erenumab discontinuation in the UK study [15]. Such a
good safety profile of CGRP-mAbs during pregnancy is
suggested by an analysis of the World Health Organiza-
tion pharmacovigilance database performed by Noseda
et al. that found no specific maternal toxicicty, patterns
of major birth defects or increased reporting of spon-
taneous abortion [25]. However, because of the rela-
tively limited number of adverse drug reaction reported
and the lack of long-term safety studies, CGRP-mAbs
use should be avoided for migraine prevention in
pregnant women. Further, the potential risk related to
an unplanned pregnancy needs to be discussed with
women of childbearing age before starting CGRP-mAb
treatment [26]. The findings of the present study con-
firm, in real-world settings, the favorable benefit/risk
of erenumab already supported by a ‘likehood of being
helped or harmed’ analysis using data of erenumab ran-
domized clinical trials [27]. Such a strong benefit/risk
explains the high proportion of patients who reported
being very or extremely improved.

This work is the first real-world study related to
CGRP-mAbs use performed in France. It is unique as
it involved the most difficult-to-treat patient popula-
tion, since all the patients included had failed 11 oral
prophylactic treatments. From a methodological point
of view, the strengths of this study are as follows: the
monthly prospective assessment, the duration of one
year, the outcomes combining diary data and PROs
such as HIT-6 and PGIC, the absence of patients lost
to follow-up, and the combination of per-protocol
analysis and an intention to treat analysis using LOCF
approach. However, some study limitations need to be
addressed. This study was monocentric and the gener-
alization of its results on a national scale remains to be
confirmed. Furthermore, although the patients could
be considered ‘hopeless’ in terms of oral prophylaxis,
they could not be considered ‘refractory’ according to
the European Headache Federation criteria [28], since
they had not been treated with Botox, which was not
yet authorized in France at the time of their inclusion
in our study.
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75% -
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* McNemar test with M0 <.001
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* McNemar test with M0 <.001

Fig. 4 Proportion of medication overuse (MO) (yes/no) and migraine form (episodic/chronic) at MO, M3, M6, M9 and M12
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Fig. 5 Patient Global limppression of Change (PGIC) at M3, M6, M9 and M12
Table 5 LOCF analysis
Overall population (N=140) Mo M3 M6 M9 M12
Response rate > 30%—n (%) - 114 (81.4) 98 (70.0) 92 (65.7) 93 (66.4)
Response rate > 50%—n (%) - 74 (52.9) 70 (50.0) 65 (46.4) 65 (46.4)
Response rate > 75%—n (%) - 22 (15.7) 22 (15.7) 27 (19.3) 27 (19.3)
MHDs 225+73 145+9.6% 15.1£9.7% 14949.9* 15.0+10.0%
Change from BL - 80+7.1 75475 76+83 7579
MMDs 196+74 11.5+£85*% 120+£8.6* 122+89* 12.3+£9.0*
Change from BL - 81+59 76+64 75+6.7 7579
HIT 68.0+6.0 593+8.1* 585+9.3* 584+10.1% 58.6+94*
Change from BL - 88+77 96+89 96+96 94+88

*Paired t-test with MO <.001

Conclusions

This first French real-word study related to CGRP-
mAbs in migraine prevention confirms the effectiveness
and safety of erenumab in patients with extreme unmet
needs. We hope that such data, obtained in real-world
settings but under satisfactory methodological condi-
tions, will enable the negotiations between the French
health authorities and the pharmaceutical companies to
reach a positive issue, making this innovative therapeu-
tic class available to the most severe migraine sufferers in
France.

Abbreviations

AdjOR Adjusted Odds-ratio

AVIESAN  National Alliance for Life Sciences and Health

CAV Clinical added value

CGRP Calcitonin gene-related peptide

(@] Chronic migraine

CNIL Commission Nationale de I'lnformation et des Libertés
FHU Federation Hospitalo-Universitaire

HFEM High frequency episodic migraine

HBP High blood pressure

ICHD-3 3Rd edition of the International Classification of Headache
Disorders

IQR Median interquartile range

ITT Intention-to-treat

LOCF Last observation carried forward

mAbs Monoclonal antibodies

MHD Monthly number of headache days

MMD Monthly number of migraine days

MO Medication overuse

PGIC Patient Global Impression of Change

SD Standard deviation

STROBE  Strengthening the Reporting of Observational Studies in
Epidemiology

95%Cl 95% Confidence interval

Authors’ contributions

LMM received personal fees for consultancy activities from: Abbvie/Allergan,
Amgen, Eli Lilly, Lundbeck, Novartis, Pfizer, Teva .FR had no conflict of interest.
MC received personnal fees for consultancy activities from Lilly, LundbeckPK
received personal fees for consultancy activities from Eli Lilly and LundbeckAH
received personal fees for consultancy activities from Eli Lilly and NovartisBE
had received personal fees for consultancy activities from AbbvieDML had no
confict of interestsVOE had received personal fees for consultancy activities
from AbbvieDA received personal fees for consultancy activities from Abbvie/
Allergan, Eli Lilly, Lundbeck, Novartis, Pfizer, TevaFD had no conlict of interest.



Lanteri-Minet et al. The Journal of Headache and Pain (2023) 24:152

FHU InvoPain received research support from Eli-Lilly, Lundbeck, Novartis,
Pfizer and Teva.

Funding

Novartis was involved only in the supply of erenumab to the pharmacy
without direct contact with patients included in the study. Novartis was not
involved in the collection, quality control analysis of the data, and writing of
the manuscript.

Availability of data and materials
The datasets used and/or analysis during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This observational study did not require the authorization of an ethics com-
mittee. This study was part of the FHU InovPain database clinical research
program which received authorization from the National Commission on
Informatics and Liberty (Commission Nationale de information et des Libertés—
CNIL / CIL register no. 278 dated 11/09/2017). Patients were included only
after signing two separate written informed consents: the first enabling their
personal data to be transmitted to Novartis Pharma SAS for validation of their
eligibility in the compassionate program allowing them to benefit from free
erenumab, and the second allowing the data collected in the FHU InovPain
database to be used for clinical research purposes.

Consent for publication
Not applicable.

Competing interests

LMM received personal fees for consultancy activities from: Abbvie/Allergan,
Amgen, Eli Lilly, Lundbeck, Novartis, Pfizer, Teva.FR had no conflict of interest.
MC received personnal fees for consultancy activities from Lilly, LundbeckPK
received personal fees for consultancy activities from Eli Lilly and LundbeckAH
received personal fees for consultancy activities from Eli Lilly and NovartisBE
had received personal fees for consultancy activities from AbbvieDML had no
confict of interestsVOE had received personal fees for consultancy activities
from AbbvieDA received personal fees for consultancy activities from Abbvie/
Allergan, Eli Lilly, Lundbeck, Novartis, Pfizer, TevaFD had no conlict of interest.
FHU InvoPain received research support from Eli-Lilly, Lundbeck, Novartis,
Pfizer and Teva.

Author details

'Pain Department and FHU InovPain, CHU Nice and Cote Azur University,
Hopital Cimiez, 4 Rue Reine Victoria, 06003 Nice, France. 2INSERM U1107
Migraine and Trigeminal Pain, Auvergne University, Clermont-Ferrand, France.
3Public Health Department, CHU Nice and Céte Azur University, Nice, France.
“Cinical Pharmacy Departement, CHU Nice and Céte Azur University, Nice,
France. °Pain Departement, Timone Hospital, APHM, Marseille, France. °Neu-
rosurgery Department and FHU InovPain, CHU Nice and Cote Azur University,
Nice, France.

Received: 15 August 2023 Accepted: 16 October 2023
Published online: 08 November 2023

References

1. Edvinsson L, Haanes KA, Warfvinge K, Krause DN (2018) CGRP as the
target of new migraine therapies - successful translation from bench to
clinic. Nat Rev Neurol 14:338-350

2. Haghdoost F, Puledda F, Garcia-Azorin D, Huessler EM, Messina R, Pozo-
Rosich P (2023). Evaluating the efficacy of CGRP mAbs and gepants for
the preventive treatment of migraine: a systematic review and network
meta-analysis of phase 3 randomised controlled trials. Cephalalgia.
https://doi.org/10.1177/03331024231159366.

3. Messina R, Huessler EM, Puledda F, Haghdoost F, Lebedeva ER, Diener HC
(2023). Safety and tolerability of monoclonal antibodies targeting the

20.

Page 13 of 14

CGRP pathway and gepants in migraine prevention: a systematic review
and network meta-analysis. Cephalalgia. https://doi.org/10.1177/03331
024231152169.

Reuter U, Goadsby PJ, Lanteri-Minet M, Wen S, Hours-Zesiger P, Ferrari MD
et al (2018) Efficacy and tolerability of erenumab in patients with episodic
migraine in whom two-to-four previous preventive treatments were
unsuccessful: a randomised, double-blind, placebo-controlled, phase 3b
study. Lancet 392:2280-2287

Ferrari MD, Diener HC, Ning X, Galic M, Cohen JM, Yang R et al (2019)
Fremanezumab versus placebo for migraine prevention in patients with
documented failure to up to four migraine preventive medication classes
(FOCUS): a randomised, double-blind, placebo-controlled, phase 3b trial.
Lancet 394:1030-1040

Mulleners WM, Kim BK, Lainez MJA, Lanteri-Minet M, Pozo-Rosich P, Wang
S et al (2020) Safety and efficacy of galcanezumab in patients for whom
previous migraine preventive medication from two to four catego-

ries had failed (CONQUER): a multicentre, randomised, double-blind,
placebo-controlled, phase 3b trial. Lancet Neurol 19:814-825

Ashina M, Lanteri-Minet M, Pozo-Rosich P, Ettrup A, Christoffersen CL,
Josiassen MK et al (2022) Safety and efficacy of eptinezumab for migraine
prevention in patients with two-to-four previous preventive treatment
failures (DELIVER): a multi-arm, randomised, double-blind, placebo-
controlled, phase 3b trial. Lancet Neurol 2:597-607

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke
JP et al (2007) The strengthening the reporting of observational studies
in epidemiology (STROBE) statement: guidelines for reporting observa-
tional studies. Lancet 370:1453-1457

Pavelic AR, Wober C, Riederer F, Zebenholzer K (2022) Monoclonal anti-
bodies against calcitonin gene-related peptide for migraine prophylaxis:
a systematic review of real-world data. Cells 12:143

. Murray AM, Stern JI, Robertson CE, Chiang CC (2022) Real-world patient

experience of CGRP-targeting therapy for migraine: a narrative review.
Curr Pain Headache Rep 26:783-794

. Vandenbussche N, Pisarek K, Paemeleire K (2023) Methodological

considerations on real-world evidence studies of monoclonal antibodies
against the CGRP-pathway for migraine: a systematic review. J Headache
Pain 2023(24):75

. Barbanti P, Aurilia C, Cevoli S, Egeo G, Fofi L, Messina R et al (2021) Long-

term (48 weeks) effectiveness, safety, and tolerability of erenumab in the
prevention of high-frequency episodic and chronic migraine in a real
world: Results of the EARLY 2 study. Headache 61:1351-1363

. Schoenen J, Timmermans G, Nonis R, Manise M, Fumal A, Gérard P (2021)

Erenumab for migraine prevention in a 1-year compassionate use pro-
gram: efficacy, tolerability, and differences between clinical phenotypes.
Front Neurol 12:805334

. Cullum CK, Do TP, Ashina M, Bendtsen L, Hugger SS, lljazi A et al (2022)

Real-world long-term efficacy and safety of erenumab in adults with
chronic migraine: a 52-week, single-center, prospective, observational
study. J Headache Pain 23:61

Andreou AP, Fuccaro M, Hill B, Murphy M, Caponnetto V, Kilner R et al
(2022) Two-year effectiveness of erenumab in resistant chronic migraine:
a prospective real-world analysis. J Headache Pain 23:139

Dodick DW, Turkel CC, DeGryse RE, Diener HC, Lipton RB, Aurora SK et al
(2015) Assessing clinically meaningful treatment effects in controlled
trials: chronic migraine as an example. J Pain 16:164-175

Lipton RB, Tepper SJ, Silberstein SD, Kudrow D, Ashina M, Reuter U et al
(2021) Reversion from chronic migraine to episodic migraine following
treatment with erenumab: Results of a post-hocanalysis of a randomized,
12-week, double-blind study and a 52-week, open-label extension.
Cephalalgia 41:6-16

Tepper S, Ashina M, Reuter U, Brandes JL, Dolezil D, Silberstein S et al
(2017) Safety and efficacy of erenumab for preventive treatment of
chronic migraine: a randomised, double-blind, placebo-controlled phase
2 trial. Lancet Neurol 16:425-434

Tepper SJ, Diener HC, Ashina M, Brandes JL, Friedman DI, Reuter U (2019)
Erenumab in chronic migraine with medication overuse: subgroup analy-
sis of a randomized trial. Neurology 92:€2309-e2320

Hong JB, Lange KS, Overeem LH, Triller P, Raffaelli B, Reuter U (2023) A
scoping review and meta-analysis of anti-CGRP monoclonal antibodies:
predicting response. Pharmaceuticals (Basel) 16:934


https://doi.org/10.1177/03331024231159366
https://doi.org/10.1177/03331024231152169
https://doi.org/10.1177/03331024231152169

Lanteri-Minet et al. The Journal of Headache and Pain

21.

22.

23.

24.

25.

26.

27.

28.

(2023) 24:152

Schoenen J,Van Dycke A, Versijpt J, Paemeleire K (2023) Ten open ques-
tions in migraine prophylaxis with monoclonal antibodies blocking the
calcitonin-gene related peptide pathway: a narrative review. J Headache
Pain 24:99

Lampl C, Kraus V, Lehner K, Loop B, Chehrenama M, Maczynska Z et al
(2022) Safety and tolerability of erenumab in individuals with episodic

or chronic migraine across age groups: a pooled analysis of placebo-
controlled trials. J Headache Pain 23:104

Ashina M, Kudrow D, Reuter U, Dolezil D, Silberstein S, Tepper SJ et al
(2019) Long-term tolerability and nonvascular safety of erenumab, a
novel calcitonin gene-related peptide receptor antagonist for prevention
of migraine: a pooled analysis of four placebo-controlled trials with long-
term extensions. Cephalalgia 39:1798-1808

de Vries LS, van der Arend BWH, Maassen VanDenBrink A, Terwindt GM
(2022) Blood pressure in patients with migraine treated with monoclonal
anti-CGRP (Receptor) antibodies: a prospective follow-up study. Neurol-
ogy 99:e1897-e1904

Noseda R, Bedussi F, Gobbi C, Zecca C, Ceschi A (2021) Safety profile

of erenumab, galcanezumab and fremanezumab in pregnancy and
lactation: analysis of the WHO pharmacovigilance database. Cephalalgia
41:789-798

Sacco S, Amin FM, Ashina M, Bendtsen L, Deligianni Cl, Gil-Gouveia R et al
(2022) European Headache Federation guideline on the use of monoclo-
nal antibodies targeting the calcitonin gene related peptide pathway for
migraine prevention - 2022 update. J Headache Pain 23:67

Vo P, Wen S, Martel MJ, Mitsikostas D, Reuter U, Klatt J (2019) Benefit-risk
assessment of erenumab and current migraine prophylactic treatments
using the likelihood of being helped or harmed. Cephalalgia 39:608-616
Sacco S, Braschinsky M, Ducros A, Lampl C, Little P, van den Brink AM

et al (2020) European headache federation consensus on the definition
of resistant and refractory migraine: developed with the endorsement

of the European Migraine & Headache Alliance (EMHA). J Headache Pain
2:76

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 14 of 14

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	One-year prospective real-world assessment of effectiveness and safety of erenumab in migraine prevention: results of the French FHU INOVPAIN registry study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Research context
	Type of study
	Participants
	Treatment
	Assessment
	Outcomes
	Statistics
	Ethics  regulations

	Results
	Demographic and headache characteristics at baseline
	Unit dose throughout the compassionate erenumab use program
	Primary efficacy endpoint
	Secondary efficacy endpoints
	LOCF analysis
	Safety and tolerability assessment

	Discussion
	Conclusions
	References


