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Abstract
Background Criteria, including clinical features and effective outcomes, for access and persistence of novel but costly 
treatments may vary between countries, thus affecting the health of patients. Monoclonal antibodies against the calcitonin 
gene-related peptide pathway (anti-CGRP mAbs) for migraine treatment are currently prescribed following strict criteria.
Objective The aim was to assess the effectiveness and safety of three anti-CGRP mAbs (erenumab, galcanezumab, and fre-
manezumab) in consecutive resistant chronic migraine patients presenting at our Headache Center and the impact of criteria 
set by the Italian Medicines Agency to start and continue (achieving a ≥ 50% reduction in Migraine Disability Assessment 
[MIDAS] score) with treatment under the reimbursement program.
Methods A monocentric, prospective, cohort study was conducted, enrolling 203 severe (resistant to three or more preven-
tive treatments) chronic migraine patients (84.7% with medication overuse) treated with erenumab (47.2%), galcanezumab 
(36.5%), or fremanezumab (16.3%), with up to 12 months follow-up. Patients completed a headache diary that included 
monthly migraine days (MMDs), number of analgesics and days with analgesic use, and patient-reported outcome question-
naires (MIDAS, Headache Impact Test 6 [HIT-6] questionnaires, and the Patient Global Impression of Change [PGIC] scale). 
Moreover, percentages of patients showing ≥ 50%, ≥ 75% and 100% reduction in MMDs (responder rates) were calculated 
at different follow-ups. A subgroup analysis was performed for patients with 12-month follow-up. Potential predictors of 
response were assessed at different follow-ups.
Results In the overall population, all three anti-CGRP mAbs were similarly effective and dropouts were 17.2%. The percent-
age of patients with ≥ 50% reduction in MMDs (min–max 36.4–56.8%) and in monthly analgesic consumption (51.1–75.7%) 
was inferior to the percentage of patients who reported a ≥ 50% reduction in MIDAS score (89.5–100%). HIT-6 score was also 
consistently reduced at all follow-ups. In patients with a 12-month follow-up, MIDAS and HIT-6 scores were also reduced 
at all follow-ups compared with baseline, with 84.4–100% of patients achieving a ≥ 50% reduction in MIDAS score, and 
patients with a ≥ 50% response rate ranging from 36.4 to 66.6%. No severe adverse events were recorded. Fewer migraine 
days at baseline were associated with ≥ 50% response rate at 1 month and fewer MMDs, years of chronic migraine, and 
monthly analgesic use at 6 months.
Conclusion In resistant chronic migraine patients, anti-CGRP mAbs are effective and safe. A ≥ 50% reduction in MIDAS 
score seems to be the most advantageous outcome measure in this setting, which allows most severe migraine patients to 
persist with treatment.
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1  Background

Migraine is the third most prevalent and the second most 
disabling disease worldwide in the age range of 20–50 
years, with chronic migraine (CM, ≥ 15 days per month for 
at least 3 months) affecting 1.4–2.2% of the general popula-
tion [1]. A significant proportion of CM patients have an 
unsatisfactory response to or do not tolerate pharmacological 
treatment and, thus, according to the criteria of the Euro-
pean Headache Federation (EHF), fall into the definition of 
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Key Points 

Our study provides long-term data on the beneficial 
class effect of anti–calcitonin gene-related peptide (anti-
CGRP) monoclonal antibodies in severe drug-resistant 
patients with chronic migraine and medication overuse.

Our predictors suggest a more likely ≥ 50% response in 
patients with lower clinical burden before treatment.

The Migraine Disability Assessment (MIDAS) score is a 
useful outcome measure, providing a better evaluation of 
disease burden than monthly migraine days (MMDs) or 
response rate alone, in this setting.

patients with the most severe conditions, such as CM, with 
or without medication overuse, were treated initially.

Herein, we report a prospective, monocentric, cohort 
study evaluating the long-term effectiveness and safety of 
the three anti-CGRP mAbs authorized in Europe in a pop-
ulation of patients that, according to the AIFA rules and 
regional recommendations, reported CM, failed at least three 
preventative treatments and, to be granted persistence of 
treatment, showed a ≥ 50% reduction of the MIDAS score.

2  Methods

All consecutive out-patients treated with anti-CGRP mAbs 
at the Headache Center, who signed informed consent, were 
enrolled in the study. Study participants were older than 
18 years, with CM according to ICHD-3, with or without 
medication overuse, and started a preventative therapy with 
erenumab (70 mg monthly, up to 140 mg), galcanezumab 
(240 mg first dose and 120 mg monthly), or fremanezumab 
(225 mg monthly) from December 2019 to April 2021 at 
the Headache Center of the Careggi University Hospital, 
Florence, Italy. The erenumab dose was increased to 140 
mg if an improvement of < 30% in migraine days reduction 
occurred.

Treated patients fulfilled the requirements set by the AIFA 
and by the panel of experts of the Tuscany Region. Patients 
were informed of the existence of cutoffs that allowed them 
to continue or not in treatment. However, no detailed infor-
mation was given on which cutoffs were required to persist 
in treatment.

All patients had experienced treatment failure for lack 
of either efficacy or tolerability with three or more differ-
ent classes of migraine-preventative medications. Efficacy 
failure was defined as no meaningful improvement in the 
frequency of headaches, as recommended by the EHF guide-
lines [4].

During the entire treatment period, patients completed 
a paper headache diary, recording MMDs, acute medica-
tion use, and several questionnaires. A migraine day was 
defined as a calendar day with a headache meeting criteria 
for migraine (with or without aura) or a day when an acute 
migraine-specific medication (triptan or ergot) was used.

Demographics, medical history, migraine characteris-
tics (pain intensity, presence of aura, disease duration, and 
chronicization onset), previous failure of three or more 
drug classes including ß-blockers, tricyclic antidepres-
sants, antiepileptic drugs, and onabotulinumtoxinA, and 
failure with other preventative treatments, current con-
comitant preventative, and acute symptomatic treatments 
(class and number) were collected at baseline.

Migraine-related clinical burden was assessed 
with MIDAS and Headache Impact Test 6 (HIT-6) 

resistant migraine [2]. These patients have a poor quality 
of life and a high degree of healthcare resource utilization.

Medication-overuse headache (MOH) is a condition 
characterized by chronic headache and overuse of different 
acute medications (for more than 10 or 15 days per month, 
depending on the medication type) that can paradoxically 
worsen headache, disability, and quality of life [3].

Monoclonal antibodies (mAbs) that block the calcitonin 
gene-related peptide (CGRP) or its receptor (anti-CGRP 
mAbs) are a new class of anti-migraine drugs. Three of 
them, erenumab, galcanezumab, and fremanezumab, have 
been authorized by the European Medicines Agency (EMA) 
for preventative treatment of episodic migraine (EM) and 
CM [4]. Clinical benefits of anti-CGRP mAbs have been 
proven in 3- to 6-month placebo-controlled randomized 
clinical trials (RCTs) and in prolonged (9 months to 5 years) 
open-label extension studies [5, 6]. The majority of real-life 
studies with anti-CGRP mAbs have collected data up to a 
6-month period in a mixed population of EM and CM [5].

Policies for access to novel expensive migraine treatments 
often entail restrictions that may affect disease management 
[7–9]. In Italy, the Agenzia Italiana del Farmaco (AIFA; 
Italian Medicines Agency) policy for covering the cost of 
anti-CGRP mAbs includes patients with high frequency 
EM (≥ 8 migraine days per month for at least 3 consecutive 
months) and previous failure or no tolerability of at least 
three preventative classes of antimigraine drugs, including 
tricyclic antidepressants, β-blockers, neuromodulators, and 
onabotulinumtoxinA [10]. The criteria for eligibility to the 
Italian program correspond to those for resistant migraine [2, 
4]. To maintain patients in the 1-year reimbursed prescrip-
tion program, the AIFA requires a ≥ 50% reduction of the 
Migraine Disability Assessment (MIDAS) score, assessed at 
3 and 6 months of treatment. Furthermore, additional restric-
tions can be applied on a local basis. A panel of experts of 
the Tuscany Region health system has recommended that 
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questionnaires. The Patient Global Impression of Change 
(PGIC) was used to assess subjective effectiveness and all 
adverse events were recorded.

Responders have been defined as those patients with 
a reduction of ≥ 50% in MMDs compared to baseline. 
These patients were further classified into ≥ 50%, ≥ 75%, 
and 100% responders. Patients were instructed to report 
any adverse drug reaction (ADR) throughout the study, 
reporting mild events in a paper diary, and to promptly 
communicate moderate and severe ADRs to investigators.

The study was performed according to the Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) guidelines. The study was approved as a 
part of the Registro Italiano Cefalee (RICe) study by the 
local ethics committee (Studio RICe, 14591_oss).

2.1  Outcomes

All patients that started treatment, regardless of follow-up 
data, have been included in the safety analysis. Primary 
outcomes were reduction from baseline in MIDAS score 
and MMDs, as well as response rates (≥ 50%, ≥ 75%, and 
100% reduction in MMDs) during treatment with anti-
CGRP mAbs. Additional effectiveness outcomes were 
reduction from baseline of the overall number of acute 
medications per month and days with at least one acute 
medication use. Changes from baseline in the HIT-6 ques-
tionnaire total scores and overall improvement assessed 
with the PGIC scale were also measured. Patients with 
medication overuse did not undergo detoxification inter-
vention prior to or during anti-CGRP mAbs. The percent-
age of patients who maintained the medication overuse 
was calculated at each follow-up. A sub-analysis to evalu-
ate responder rate and MMDs was conducted in patients 
previously treated with onabotulinumtoxinA to evaluate 
indirect effectiveness in patients that failed this treatment. 
An additional effectiveness analysis has been performed 
in the subgroup of patients who completed the 12-month 
follow-up (with and without dropouts).

2.2  Statistical Analysis

The sample size was not based on any statistical consid-
erations. Effectiveness analysis included two population 
sets: patients with at least 1 month of follow-up (includ-
ing all patients with ≥ 1 month of follow-up, n = 184) and 
patients who completed 12 months of treatment with any 
of the mAbs (n = 52) (see Fig. 1). No patients refused to 
participate or withdrew informed consent during the study. 
Demographic and baseline characteristics were summarized 
descriptively. A simple explorative descriptive analysis was 
performed to evaluate outcomes with each mAb, considering 

that the study was not designed to assess differences among 
mAbs.

Normality assumption was assessed using the Shapiro-
Wilk test. Wilcoxon signed-rank test was calculated to study 
effectiveness variables pre-post changes in quantitative 
variables. For independent variables, the Mann–Whitney 
U test for continuous variables and the two-tailed Pearson 
chi-squared test or the Fisher’s test for categorical variables 
were applied as appropriate. Finally, univariate and multi-
variate logistic regression analysis was carried out (odds 
ratios [ORs] and 95% confidence intervals [CIs]) to explore 
the variables independently associated with responder status 
at 1 and 12 months; variables included in the equation were 
significant in previous analysis or had a clinical interest. The 
good fit of the logistic regression model was determined by 
using the Hosmer-Lemeshow test. A p value < 0.05 was 
considered significant for all variables. All the data were 
analyzed using SPSS software version 26.0 (IBM Corp. 
SPSS Statistics, Armonk, NY, USA).

3  Results

As of April 2021, 203 patients (78.3% females, mean age 
49.4 ± 12.2 years) with CM had started an anti-CGRP mAb 
as a preventative treatment for migraine and were included 
in the safety analysis. Overall, 47.3% of patients (96/203) 
were treated with erenumab, which entered the national/
regional prescription program first, 36.5% (74/203) with 
galcanezumab, which entered at a later stage, and 16.3% 
(33/203) with fremanezumab, which was the last to be 
introduced. At the time of the analysis, 90.6% (184/203) 
of patients had completed at least 1 month of treatment and 
were included in the effectiveness analysis with a mean 
(SD) treatment duration of 6.4 (3.9) months. Moreover, 52 
patients (25.6%) completed a 12-month follow-up, whereas 
33 of those patients completed a 12-month treatment (Fig. 1 
and Table 1). Of the initial cohort of patients, 59.6% (31/52) 
received erenumab (70 or 140 mg), 34.6% (18/52) galcan-
ezumab, and 5.8% (3/52) fremanezumab. Demographic and 
baseline headache characteristics are reported in Table 1

Most patients (84.8%, 172/203) reported medication 
overuse. A failure of four or more prior preventative 
treatment classes was reported by a high number (82.3%, 
167/203) of patients, and 22.2% (45/203) were on a pre-
ventative concomitant medication (excluding onabotuli-
numtoxinA, not allowed as co-treatment by the AIFA pre-
scription program) when they started the anti-CGRP mAbs 
treatment (Table 1). At baseline, the mean headache pain 
intensity on a 0–10 scale (numeric rating scale [NRS]) was 
7.9 ± 1.3 points, days per month with at least one analge-
sic use was 21.3 ± 8.2, and the median (interquartile range 
[IQR]) number of acute medication use was 30 [33] per 
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month. Patients presented a high MIDAS (101.3 ± 63.7) 
and HIT-6 score (67.9 ± 5.6) at baseline. Overall, 19.0% 
of migraineurs (35/184) dropped out of treatment for lack 
of efficacy (30/35 [85.7%]) as self-reported by patient and/
or according to physician decision, adverse events (3/35 
[8.6%]), or lost to follow-up (2/35 [5.7%]).

3.1  Treatment Effectiveness Analysis

Overall, the MIDAS score was markedly attenuated (p < 
0.0001) (Fig. 2a), and a high percentage of patients showed 
a ≥ 50% reduction in MIDAS score, which varied between 
89.5% (at 6 months) and 100% (at 12 months) (Fig. 2b). 
Treatment was withdrawn in 16 out of 35 patients (five 
at month 3, ten at month 6, one at month 9, and none at 
month 12) due to a < 50% reduction in the MIDAS score 
(Fig. 2b). MMD decrease ranged from 8.2 to 12.1 from base-
line (p < 0.0001) (Fig. 3a). Further reductions in MMDs 

were observed at 3 and 6 months (p < 0.0001), but not at 12 
months, compared with 1 month of follow-up. Reduction in 
acute medication consumption was reported at all months, 
both as the total number of analgesics used per month, rang-
ing to 16.7 from 27.7 (p < 0.0001) (reduction ≥ 50% from 
51.1% to 75.7%), and days with at least one analgesic use, 
ranging to 8.1 from 12.4 (p < 0.0001) (Fig. 3b and Table S1 
in the electronic supplementary material). Reduction in the 
number of acute medications per month was similar for all 
four pharmacological classes of analgesics (Figure S1, see 
the electronic supplementary material). Patients with medi-
cation overuse dropped from 84.8% before treatment to a 
range of 24.2% to 37.5% after treatment (Table S2, see the 
electronic supplementary material). Patients with a ≥ 50% 
response rate (reduction in MMDs) ranged from 36.4 to 
56.8%, whereas ≥ 75% of the responders ranged from 13.6% 
to 33.0% (Fig. 4a). At months 1, 6, and 9, between four out 
of 94 (4.3%) and two out of 62 (3.2%) patients became attack 

Figure 1.  Patient distribution flow-chart in effectiveness and safety analysis. AE adverse event
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free (100% responders, Fig. 4a). HIT-6 and self-measured 
improvement with the PGIC scale showed a significant 
reduction compared to baseline (p < 0.0001) (Figure S2, 
see the electronic supplementary material).

In patients with a 12-month follow-up (52/184), clinical 
outcomes were assessed first in the cohort that continued 
with treatment for 12 months (33/52 [63.5%]; 19 drop-
outs) due to clinical benefit. Reduction in MMDs from 
baseline ranged from 8.4 to 13.2 (p < 0.0001) (Figure 
S3a, see the electronic supplementary material); MIDAS 
and HIT-6 scores were also reduced at all follow-ups com-
pared with baseline (Figure S4). Analgesic consumption 
decreased from baseline both in absolute number of anal-
gesics used and days with at least one analgesic use (Fig-
ure S3b). Patients with a ≥ 50% response rate ranged from 

36.4 to 66.6% (Fig. 4b), whereas 84.4–100% of patients 
achieved a ≥ 50% reduction in MIDAS score. In addition, 
to avoid effectiveness overestimation, the ≥ 50% reduc-
tion in MIDAS score and response rate were calculated 
in all patients, including those who dropped out during 
the 1 year of treatment (52/184). To perform this calcula-
tion, a < 50% reduction in MIDAS score and response rate 
was always applied to dropout patients. Patients with a ≥ 
50% response rate ranged from 32.7 to 42.3% (Figure 4c), 
whereas those with a ≥ 75% response rate ranged from 
15.4 to 26.9%. No patients achieved a 100% response in 
this cohort. Patients that achieved a reduction ≥ 50% in 
MIDAS score ranged from 63.5 to 96.1%.

Differences at baseline in patient subpopulations treated 
with or naïve to onabotulinumtoxinA are reported in 

Table 1.  Patients demographic and clinical features

Percentages are expressed on column total
HIT-6 Headache Impact Test 6, IQR interquartile range, MIDAS Migraine Disability Assessment, NRS numeric rating scale, SD standard devia-
tion, SNRI serotonin-norepinephrine reuptake inhibitor, SSRI selective serotonin reuptake inhibitor
*  All patients have at least 3 prior preventive class failures

Safety analysis
(n = 203)

Effectiveness analysis 
At least 1 month
(n = 184)

Effectiveness analysis 
12 months
(n = 52)

Demographics
Age [years], mean ± SD 49.4 ± 12.2 48.2 ± 12.6 45.5 ± 14.7
Sex female, n (%) 159 (78.3) 145 (78.8) 46 (88.5)
Migraine features
Monthly migraine days, mean ± SD 24.1 ± 5.9 24.8 ± 5.7 25.4 ± 5.5
Aura, n (%) 14 (6.9) 13 (7.1) 3 (5.8)
Migraine duration (years), mean ± SD 32.9 ± 13.2 32.4 ± 12.8 32.1 ± 13.9
Chronicization duration (years), mean ± SD 16.1 ± 11.5 15.6 ± 11.4 18.2 ± 11.3
NRS score, mean ± SD 7.9 ± 1.3 7.9 ± 1.2 7.8 ± 0.9
Concomitant preventive treatment, mean (SD) 0.3 (0.6) 0.3 (0.6) 0.3 (0.7)
Prior preventive classes failures, mean ± SD 4.4 ± 0.8 4.4 ± 0.8 4.6 ± 0.6
Medication overuse, n (%) 172 (84.7) 156 (84.8) 52 (100.0)
Days in previous month with at least one analgesic use, mean ± SD 21.2 ± 8.1 21.3 ± 8.2 24.0 ± 6.2
Analgesic doses taken in previous month, median (IQR) 30 (33) 30 (34) 37 (32)
Migraine-related clinical burden
Disability (MIDAS), mean ± SD 101.3 ± 63.7 102.9 ± 64.9 139.2 ± 68.7
Headache-related impact (HIT-6), mean ± SD 67.9 ± 5.6 67.7 ± 5.3 69.9 ± 3.4
Prior preventive class failures*
4 classes 60 (29.6) 54 (16.8) 10 (19.2)
> 4 classes 107 (52.7) 99 (53.8) 37 (71.1)
Drug classes
Beta-blockers 190 (93.6) 171 (92.9) 48 (92.3)
Tricyclic antidepressant 192 (94.6) 173 (94.0) 48 (92.3)
Calcium channel blockers 171 (84.2) 158 (85.9) 47 (90.4)
Antiepileptic drugs 187 (92.1) 169 (91.8) 49 (94.2)
SSRI/SNRI 28 (13.8) 25 (13.6) 7 (13.5)
OnabotulinumtoxinA 126 (62.1) 117 (63.6) 42 (80.8)
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Table S2 (see the electronic supplementary material). No 
differences in response rates have been observed between 
naïve patients and patients who failed onabotulinumtoxinA 
treatment (Tables 2 and 3). Finally, the explorative descrip-
tive analysis of the three anti-CGRP mAbs of MIDAS score, 
MMDs, and responder rates is reported in Figure S5 (see the 
electronic supplementary material).

3.2  Clinical Predictors of Response

Fewer migraine days at baseline were associated with ≥ 50% 
response rate at 1 month and fewer MMDs, years of CM, and 
monthly analgesic use at 6 months (Table 2). Univariate and 
multivariate analyses were performed to assess clinical pre-
dictors of ≥ 50% response in patients with 1, 3, and 6 months 
of follow-up (Table 3). In the univariate analysis, duration of 

chronicization (OR 0.96; 95% CI 0.93–0.99, p = 0.04) and 
an elevated number of MMDs at baseline (OR 0.90; 95% CI 
0.85–0.95, p < 0.0001) were independently associated with 
a lower response rate at 1 month and 6 months. MMDs at 
baseline (OR 0.87; 95% CI 0.80–0.97, p = 0.002), duration 
of chronicization (OR 0.95; 95% CI 0.92–0.99, p = 0.04), 
and total number of analgesics (OR 0.97; 95% CI 0.96–0.99, 
p = 0.003) were associated with a lower responder rate at 6 
months, confirming predictors identified at 1 month.

Multivariate logistic regressions using the variables 
included in the univariate analysis were performed. The 
models explained 20%, 11%, and 30% (Nagelkerke R2) of the 
variance to achieve responder status at 1, 3, and 6 months. 
Age was associated with higher response rate (OR 1.06; 95% 
CI 1.01–1.10; p = 0.02), whereas MMDs at baseline were 
independently associated (as in univariate regression) with a 

Figure 2.  Migraine Disability 
Assessment (MIDAS) question-
naire total scores (A) and num-
ber [percentage] of patients who 
persisted with treatment based 
on ≥ 50% reduction in MIDAS 
score (B) during treatment 
follow-up. Error bars represent 
95% confidence intervals. Num-
ber in square represents mean 
reduction compared to baseline 
within the group for each 
follow-up (A) or percentage of 
patients (B) per group
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Figure 3.  A Monthly migraine days (MMDs) frequency during anti-
CGRP treatment in patients with at least 1-month follow-up and 
migraine days at each follow-up and MMD reduction compared to 
baseline. B Number of analgesics used and days with at least one 
analgesic used per month and their reduction compared to baseline. 

Error bars represent 95% confidence intervals. Analgesics include 
NSAIDs, triptans, analgesic associations (with or without opioids), 
opioids, and ergot derivative. CGRP calcitonin gene-related peptide, 
NSAID nonsteroidal anti-inflammatory drug

Figure 4.  A Effectiveness analysis of response rate ≥ 50%, ≥ 75%, and 100% in all patients; B in patients that completed 12 months of treat-
ment; and C in patients with 12-month follow-up



198 L. F. Iannone et al.

Table 2.  Analysis of baseline variables associated to responders ≥ 50% after 1, 3, and 6 months of treatment

Values in bold are statistically significant; percentages are expressed on column total
IQR interquartile range, HIT-6 Headache Impact Test 6, MIDAS Migraine Disability Assessment, NRS numeric rating scale, SD standard devia-
tion

1 month 3 months 6 months

Non-
responders 
(n = 117)

Responders  
(n = 67)

P value Non-respond-
ers (n = 70)

Responders  
(n = 75)

P value Non-respond-
ers (n = 41)

Responders  
(n = 54)

P value

Age [years], 
mean ± SD

48.0 ± 11.9 49.8 ± 12.4 0.33 47.0 ± 11.5. 48.3 ± 12.4 0.93 48.1 ± 12.1 48.4 ± 11.9 0.95

Sex female, n 
(%)

93 (81.0) 51 (76.1) 0.44 57 (82.6) 56 (74.7) 0.24 36 (87.8) 41 (75.9) 0.14

Migraine 
features

Monthly 
migraine 
days, mean 
± SD

25.6 ± 5.6 22.2 ± 5.6 0.0001 25.7 ± 5.5 24.1 ± 5.8 0.34 27.3 ± 4.8 23.4 ± 5.8 0.001

Aura, n (%) 7 (6.1) 4 (6.0) 0.90 4 (5.7) 5 (6.6) 0.95 3 (7.3) 3 (5.6) 0.51
Migraine dura-

tion [years], 
mean ± SD

32.5 ± 13.1 31.6 ± 12.3 0.70 31.8 ± 11.6 30.6 ± 13.4 0.98 33.3 ± 10.8 31.5 ± 13.0 0.83

Chroniciza-
tion duration 
[years], mean 
± SD

17.3 ± 12.3 13.3 ± 9.4 0.07 15.8 ± 11.1 15.2 ± 10.9 0.84 20.2 ± 11.5 14.7 ± 11.1 0.02

NRS score, 
mean ± SD

7.9 ± 1.1 7.9 ± 1.3 0.75 7.9 ± 1.2 7.8 ± 1.3 0.99 7.7 ± 1.2 7.5 ± 1.2 0.12

Treatments
Concomitant 

preventive 
treatment, 
mean ± SD

0.3 ± 0.6 0.2 ± 0.4 0.10 0.3 ± 0.6 0.2 ± 0.5 0.89 0.4 ± 0.6 0.3 ± 0.5 0.60

Prior preven-
tive classes 
failures, 
mean ± SD

4.5 ± 0.8 4.3 ± 0.8 0.11 4.4 ± 0.8 4.4 ± 0.8 0.97 4.4 ± 0.8 4.4 ± 0.7 0.79

Medication 
overuse, n 
(%)

96 (83.5) 58 (86.6) 0.57 64 (91.4) 67 (89.3) 0.66 40 (97.6) 52 (96.3) 0.72

Monthly 
analgesic 
use, median 
(IQR)

31 (35) 27 (26) 0.11 38.5 (36) 30 (27) 0.11 40 (65) 30 (29) 0.01

Onabotuli-
numtoxinA 
inefficacy, n 
(%)

79 (68.8) 37 (55.2) 0.07 47 (61.7) 44 (58.7) 0.31 28 (68.3) 34 (63.0) 0.66

Migraine-
related clini-
cal burden

Disability 
(MIDAS), 
mean ± SD

/ / / 119. 9 ± 67.7 97.9 ± 65.7 0.04 124.2 ± 71.5 106.7 ± 71.0 0.14

Headache-
related 
impact (HIT-
6), mean ± 
SD

68.5 ± 5.5 67.2 ± 5.6 0.12 68.2 ± 5.7 68.4 ± 5.3 1.00 68.4 ± 4.8 68.7 ± 4.9 0.12
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lower responder rate (OR 0.92; 95% CI 0.86–0.98, p = 0.02) 
at 1 month (Table 3). No variables have been significantly 
associated at 3 and 6 months.

3.3  Safety and Tolerability Analysis

No severe treatment-related adverse events have been 
reported throughout the study. A total of 16 patients (7.9%) 
experienced at least one ADR, with 23 ADRs overall 
reported (Table S3, see the electronic supplementary mate-
rial). The most common were fatigue (3.9%), injection site 
erythema (1.5%), constipation (1.5%), and muscle pain 
(1.5%). Only three patients (1.5%) withdrew from anti-
CGRP mAb treatment due to adverse events, in particu-
lar fatigue—two after 1 month and one after 4 months of 
treatment.

4  Discussion

Few observational studies on long-term effectiveness of anti-
CGRP mAbs and no merged results of three mAbs have 
been reported [8, 11–16]. Most observational studies, with 
follow-up ranging from 3 to 6 months, enrolled patients 
with erenumab [8, 11–15, 17–21]; one study included 
patients treated with erenumab and galcanezumab [9], and 
another one with only galcanezumab [22]. Three prolonged 
(12-month follow-up) real-world studies were limited to 
erenumab [15, 23, 24]. A 52-week open-label study with 
erenumab reported sustained effectiveness (−9.3 MMDs) 
at 12 months in a subgroup of patients with CM [25]. A 
communication on galcanezumab in a 12-month open-label 
study reported a 8.0–9.0 reduction in monthly headache days 
(MHDs) and a responder rate of 53.3–56.9% at 12 months 
[26]. Of note, no long-term open-label extension studies 
have been published so far with fremanezumab.

We report the long-term effectiveness and tolerability 
of all three anti-CGRP antibodies authorized by EMA for 
migraine, prescribed according to both the AIFA criteria and 
the expert panel recommendations of the Tuscany Region. 

Table 3.  Univariable and multivariable regressions with selected variables for clinical response ≥ 50%

Values in bold are statistically significant
CI confidence interval, HIT-6 Headache Impact Test 6, MIDAS Migraine Disability Assessment, MOH Medication-overuse headache, OR Odds 
Ratio

1 month 3 months 6 months

OR 95% CI P value OR 95% CI P value OR 95% CI P value

Univariable
Age (years) 1.01 0.98–1.04 0.33 1.01 0.98–1.04 0.53 1.01 0.96–1.04 0.91
Sex, female 0.76 0.36–1.58 0.46 0.61 0.27–1.37 0.23 0.44 0.14–1.34 0.15
Migraine duration (years) 0.99 0.97–1.02 0.67 0.99 0.96–1.02 0.59 0.98 0.95–1.02 0.51
Chronicization duration (years) 0.96 0.93–0.99 0.04 0.99 0.96–1.03 0.74 0.95 0.92–0.99 0.04
Medication overuse 0.78 0.33 - 1.85 0.58 0.78 0.25–2.39 0.67 0.65 0.05–7.42 0.72
Baseline migraine days 0.90 0.85–0.95 < 0.0001 0.95 0.89–1.01 0.10 0.87 0.80–0.95 0.002
Total number of analgesics 0.98 0.97–1.00 0.06 0.98 0.97–1.00 0.05 0.97 0.96–0.99 0.003
MIDAS score / / / 0.99 0.99–1.00 0.05 0.99 0.99–1.00 0.21
HIT-6 score 0.95 0.90–1.01 0.12 1.01 0.94–1.06 0.82 1.01 0.93–1.10 0.75
Prior onabotulinumtoxinA treatment 1.77 0.95–3.31 0.07 0.69 0.35–1.37 0.29 0.79 0.33–1.86 0.58
Multivariable
Age (years) 1.06 1.01–1.10 0.02 1.03 0.97–1.08 0.26 1.05 0.96–1.14 0.22
Sex, female 0.66 0.27–1.66 0.38 0.83 0.29–2.32 0.72 0.39 0.06–2.40 0.31
Migraine duration (years) 0.96 0.91–1.02 0.24 0.95 0.89–1.02 0.18 0.96 0.86–1.06 0.43
Chronicization duration (years) 0.96 0.92–1.01 0.13 1.02 0.97–1.07 0.42 0.97 0.90–1.03 0.33
MOH 1.24 0.45–3.45 0.66 1.03 0.27–3.85 0.96 1.07 0.07–16.1 0.96
Baseline migraine days 0.92 0.86–0.98 0.02 0.96 0.88–1.04 0.29 0.91 0.81–1.01 0.07
Total number of analgesics 0.99 0.98–1.01 0.85 0.99 0.98–1.00 0.59 0.98 0.96–1.01 0.21
MIDAS score / / / 0.99 0.98–1.00 0.05 0.99 0.98–1.01 0.27
HIT-6 score 0.95 0.87–1.03 0.25 1.08 0.98–1.18 0.10 1.09 0.93–1.28 0.25
Prior onabotulinumtoxinA treatment 1.02 0.47–2.19 0.95 1.02 0.43–2.36 0.95 2.29 0.65–8.01 0.19
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According to these criteria, only resistant CM patients [2], 
most with medication overuse, were treated, and continua-
tion of the prescription was allowed only if patients reported 
a reduction of ≥ 50% in MIDAS score at 3 and 6 months. 
Our results indicate that anti-CGRP mAbs are effective and 
well tolerated over a period of 12 months of treatment in 
resistant patients with CM and medication overuse. In these 
severe patients, a significant reduction in MMDs and other 
efficacy outcomes was observed at the first month of treat-
ment, followed by a further slight decrease until month 6 
(Table 3; Figures 2, 3, and 4), without any additional ben-
efits observed in the overall population (Figure 2) and in the 
sub-analysis of patients who completed the 12-month treat-
ment (Figure S3a, see the electronic supplementary mate-
rial). This could suggest that CGRP has only a partial role 
in migraine pathogenesis and/or only a fraction of CGRP 
signaling can be counteracted by the mAbs in a majority of 
migraineurs. Further, the requirement of 6 months to reach 
the therapeutic plateau could suggest that a prolonged period 
is necessary to counteract the neurobiological mechanisms 
underpinning CGRP desensitization. The MIDAS score 
dropped at month 3 and the reduction persisted until month 
12. The MIDAS questionnaire was developed to measure 
headache-associated disability and improve communication 
between physicians and patients [27]. Although its use does 
not exclude the usefulness of diaries to avoid underestima-
tion of headache intensity and overestimation of headache 
frequency [28], the MIDAS questionnaire has demonstrated 
reliability [27], and MIDAS score is highly correlated with 
physician judgment about the severity of disease [28]. Here, 
we report that the use of the MIDAS score provided a better 
evaluation of the disease burden than MMDs or response 
rate alone in this setting, detecting amelioration and allow-
ing the continuation of treatment for a large proportion of 
patients.

In our overall effectiveness population, responder rates 
are in line with two recent observational studies [9, 29], 
but are lower compared to other studies that enrolled CM 
patients treated with erenumab, which ranged from 53 to 
69.7% at 3 months, 46.5% to 70% at 6 months [11, 14, 21, 
22], and 75.6% at 1 year [24]. To limit the overestima-
tion inherent to the ongoing design of the present study, 
we performed the responder rate analysis in patients with 
12-month follow-up. In this cohort (n = 52), the ≥ 50% 
response rate was slightly lower (about 40%) than that 
found in the general cohort. However, this difference could 
depend on the higher clinical burden of patients who first 
entered our prescription program. Notably, a study evalu-
ating erenumab in CM patients that failed five preventive 
medications [13] reported a responder rate at 3 months 
considerably lower (31.3%) than other studies [11, 14, 21, 
22], and similar to our 12-month follow-up cohort and the 
post hoc analysis of CM resistant patients in the erenumab 

phase II trial (31.1–38.5%) [30], highlighting differences 
between populations with different profiles of resistance 
to treatments.

A proportion of patients who failed treatment with 
onabotulinumtoxinA has been analyzed separately (Table 2, 
S2, see the electronic supplementary material). No differ-
ence was found in the percentage of responders between 
patients naïve to onabotulinumtoxinA and patients who 
failed onabotulinumtoxinA treatment (Table 2), in line with 
prior studies [13, 14]. Although several confounding fac-
tors may exist, these results suggest that the antimigraine 
action of onabotulinumtoxinA may not reside in an efficient 
inhibition of CGRP release [31], and to further explore the 
combination of onabotulinumtoxinA and anti-CGRP mAbs 
in refractory patients [32].

Patients with medication overuse, although receiving 
advice to limit the consumption of acute medications, did 
not undergo any specific detoxification intervention prior to 
or during anti-CGRP mAbs treatment. A similar reduction in 
outcome measures was observed in medication-overuse and 
non-medication-overuse patients (Table 2). These data are 
in line with recent open-label studies [9, 14, 29] and a sub-
group analysis of one RCT, and with results from adminis-
trative databases [33, 34]. In addition to the commonly used 
measure for medication overuse, we evaluated the absolute 
number of analgesics per month. Anti-CGRP mAbs reduced 
the overall number of acute medications as well as the dif-
ferent classes of anti-migraine medicines.

There is no current evidence for robust clinical predictors 
of response to anti-CGRP mAbs. An analysis comparing 
baseline features of ≥ 50% responders and not responders 
at different follow-ups (short-term and long-term response) 
and multi-variable regression analysis showed that patients 
with lower MMDs at baseline were more likely to achieve a 
≥ 50% response at 1 and 6 months. Contrary to some studies 
that have reported a positive association between MMDs at 
baseline and response rate [9, 15, 24], but in line with other 
studies [11, 14, 35], our predictors suggest a more likely ≥ 
50% response in patients with lower clinical burden before 
treatment.

No serious adverse reactions occurred during treatment, 
and few adverse events were reported, with lower rates com-
pared to other observational studies and clinical trials [36]. 
Only three patients discontinued treatment due to ADRs 
(i.e., persistent fatigue), whereas constipation was mild and 
controlled with dietary changes or supplements.

The 12-month follow-up and evaluation of different sub-
populations and parameters, not assessed in previous studies 
(number of analgesics per month subdivided by pharmaco-
logical class) (Figure S4, see the electronic supplementary 
material) are the strengths of this study. In addition, require-
ments set by the AIFA and Tuscany Region experts for the 
access and continuation in the reimbursed prescription 
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program of three different anti-CGRP mAbs are unique fea-
tures of the study that reflect a specific clinical practice. 
A limitation of this study, in addition to its observational 
nature, is the lack of a simultaneous cohort for comparison. 
However, it should be noted that patients with long-term 
CM that have failed numerous preventive treatments are less 
inclined to a placebo effect [13]. Moreover, the use of only 
MMDs without MHDs could be a limitation. Finally, we did 
not consistently assess the effect of withdrawal and reintro-
duction of concurrent preventive treatments; however, this 
condition applied to only a few patients.

5  Conclusion

Observational, real-world studies are required to optimize 
the use of treatments in multifaceted clinical settings. Our 
study has demonstrated a beneficial class effect of anti-
CGRP mAbs in severe drug-resistant patients with CM and 
medication overuse. Although further studies are necessary 
to reliably identify predictors of response, a higher number 
of MMDs at baseline seems to indicate an inferior response. 
As the ≥ 50% reduction in MIDAS score was met by a larger 
number of patients than other outcome measures, the AIFA 
mandate to link prescription to the MIDAS score results to 
be the most advantageous choice in this setting, allowing 
more patients to continue with treatment.
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