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Abstract
Objectives While a single 12-month treatment cycle (TrC) with anti-CGRP mAbs is not disease-modifying for most patients, 
there is limited understanding of the effects of multiple TrCs on migraine course. We evaluated whether a second TrC might 
modify the migraine course by comparing the occurrence of migraine relapse after discontinuation of the second TrC to that 
following the cessation of the first TrC.
Methods In a real-life, multicenter, prospective study we considered all consecutive patients diagnosed with high-frequency 
episodic migraine (HFEM) or chronic migraine (CM) with > 3 treatment failures and treated with any anti-CGRP mAbs 
for ≥ 2 consecutive 12-month TrCs who were responders at week 12. The primary endpoint was the change in monthly 
migraine days (MMD) for HFEM or monthly headache days (MHD) for CM at the first month of treatment discontinuation 
after the second TrC (D2) compared to the first TrC (D1). Secondary endpoints included variations in monthly analgesic 
medications (MAM), Numeric Rating Scale (NRS), and Headache Impact Test (HIT-6) scores, ≥ 50%, ≥ 75%, and 100% 
response rates, and relapse from episodic migraine to CM and from no-medication overuse (MO) to MO at D2 vs. D1.
Results One-hundred-seventy-eight patients completed two 12-month TrCs with anti-CGRP mAbs. At D2, patients expe-
rienced a significant reduction in MMD (– 0.6, p = 0.028), MHD (– 2.6, p < 0.001), monthly analgesic medications (– 2.0, 
p < 0.001), and HIT-6 score (– 2.2, p < 0.001) compared to D1, indicating improved effectiveness. The ≥ 50% response rate 
at weeks 45–48 during the first TrC was 95.5%, while at weeks 45–48 of the second TrC was 99.4%. Corresponding rates 
at D1 was 20.2% whereas at D2 was 51.6% (p < 0.0001). No statistical difference emerged in ≥ 75% and 100% responders. 
The relapse rate from episodic migraine to CM at D2 was lower than at D1 (12.3% vs 30.4%; p = 0.0002) Fewer patients 
experienced relapse from no-MO to MO at D2 compared to D1 (29.5% vs 68.7%; p = 0.00001).
Discussion A second TrC with anti-CGRP mAbs demonstrated clinical improvements compared to the first one, as indi-
cated by a milder migraine relapse at D2 compared to D1. Multiple TrCs with anti-CGRP mAbs could progressively modify 
migraine evolution by reducing CGRP-dependent neuroinflammatory nociceptive inputs to the brain.
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Introduction

Migraine is a chronic brain disorder characterized by 
paroxysmal headache attacks accompanied by vegeta-
tive symptoms [1]. Preventive treatment for migraine is 

recommended for patients experiencing at least 3–4 disa-
bling migraine days per month [2]. This is crucial also to 
mitigate the risk of migraine chronicization and medica-
tion overuse (MO). The optimal duration for migraine 
treatment is debatable. Nevertheless, it is reasonable to 
assume that a prolonged treatment period is necessary to 
reverse the progressive functional and anatomical changes 
underlying migraine evolution [3]. Traditional migraine 
prevention, including beta-blockers, antiepileptics, cal-
cium-channel antagonists, and tricyclics, has typically 
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been limited to 4–6 months. This limitation stems from 
their overall low tolerability and high discontinuation rate 
[4]. The recent availability of drugs targeting the calci-
tonin-gene-related peptide (CGRP), such as anti-CGRP 
monoclonal antibodies (mAbs) and gepants, character-
ized by remarkable tolerability and safety, has allowed to 
extend migraine prophylaxis to 12–18 months [5].

Most patients discontinuing anti-CGRP mAbs within 
12 months exhibit a progressive worsening of migraine 
over time [6–13]. This observation suggests that an effec-
tive modification of the migraine course could warrant a 
longer duration of preventive treatment and aligns with 
the approach taken in the therapy of other brain parox-
ysmal disorders, such as epilepsy and anxiety disorders 
[14, 15]. However, reimbursement issues imposed by 
local regulatory authorities limit an extended use of anti-
CGRP mAbs in certain European countries. In Italy, for 
instance, their use must be discontinued in any patient 
after 12 months [16].

While a single 12-month treatment cycle (TrC) with 
anti-CGRP mAbs does not appear to be disease-modify-
ing for most patients, there is limited understanding of the 
effects of multiple anti-CGRP mAbs TrCs on the course 
of migraine. Examining the evolution of migraine dur-
ing discontinuation periods after at least two consecutive 
TrCs could offer a more comprehensive understanding 
of the actual impact of anti-CGRP mAbs on migraine 
progression.

To address this gap, we conducted a prospective, mul-
ticenter, cohort, real-life study to determine whether 
migraine relapse after discontinuation of the second TrC 
is less pronounced compared to that following the cessa-
tion of the first TrC.

Methods

This is a multicenter, observational, prospective, real-life 
study started in December 2018 and is currently underway in 
6 Italian headache centers. The study is a sub-project of the 
Italian Migraine Registry (I-GRAINE). The study received 
approval from the Institutional Review Board of the IRCCS 
San Raffaele Roma as coordinating center (RP 19/26), and 
subsequently the Ethics Committees of all participating 
centers approved the study. The study population included 
all consecutive patients diagnosed with HFEM or CM who 
had experienced documented failures with > 3 prior preven-
tive migraine classes (according to the Italian Medicines 
Agency (AIFA) reimbursement criteria) and treated with 
erenumab, fremanezumab, or galcanezumab for ≥ 2 con-
secutive 12-month TrCs [16]. According to current AIFA 
regulation, in Italy, anti-CGRP treatment must be stopped 
for ≥ 1 month after a 12-month TrC.

As illustrated in Fig. 1, the first month of treatment dis-
continuation after the first TrC was defined as D1, while 
D2 represented the first month of treatment discontinu-
ation after the second TrC. Following the acquisition of 
written informed consent, trained neurologists conducted 
face-to-face interviews using a web-based, standardized, 
semi-structured questionnaire to gather comprehensive soci-
odemographic and clinical data. Patients reported monthly 
migraine days (MMD)/monthly headache days (MHD), 
monthly analgesic medications (MAM), pain severity (using 
the Numerical Rating Scale NRS), migraine-related disabil-
ity (using the Headache Impact Test HIT-6), and any adverse 
events in a paper–pencil diary over the study period.

The primary endpoint was the change in MMD for HFEM 
and MHD for CM at D2 compared to D1.

D1
1° treatment 

discontinuation

1 1 month 1 1 month

D2
2° treatment 

discontinuation

2° treatment cycle with 
antiCGRP mAbs

1° treatment cycle with 
antiCGRP mAbs

12 months 12 months

Fig. 1  Flow chart of the study
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The secondary endpoints were:

• variations in MAM, NRS and HIT-6 scores at D2 com-
pared to D1.

•  ≥ 50%, ≥ 75%, and 100% response rates at D2 compared 
to D1.

• Relapse rate from episodic migraine to CM and from 
no-MO to MO at D2 compared to D1.

• changes in MMD, MHD, MAM, NRS, and HIT-6 scores 
at:

– First TrC (weeks 45–48) compared to baseline.
– D1 compared to the first TrC (weeks 45-48).
– Second TrC (weeks 45–48) compared to the first TrC 

(weeks 45-48).
– Second TrC (weeks 45–48) compared to D1.
– D2 compared to the second TrC (weeks 45–48).

We excluded patients who had used onabotulinumtoxin A 
in the preceding three months, individuals with prior expo-
sure to anti-CGRP monoclonal antibodies, and those with 
significant cardiovascular or cerebrovascular disorders. No 
additional preventive medications were initiated during the 
observation period. The study was not preregistered on any 
study registry site.

Statistical methods

The characteristics of the study participants were summa-
rized as frequencies and percentages for categorical vari-
ables, while mean and standard deviation (SD) were used 
for continuous variables. The Kolmogorov–Smirnov test was 
used to assess deviation from normality. Categorical vari-
ables were compared using the Chi-square test, with Fisher's 
exact test applied when the expected frequency was below 
5. The comparison of continuous variables between HFEM 
and CM patients was done with the t-test for independent 
samples. All comparisons before–after treatment were per-
formed with the t-test for paired samples. A P value < 0.05 
was considered statistically significant. All statistical analy-
ses were performed using IBM SPSS Statistics (Ver. 29.0).

Results

One-hundred-seventy-eight patients completed two 
12-month TrCs with anti-CGRP mAbs (erenumab: 133 pts; 
galcanezumab: 30 pts; fremanezumab: 15 pts). All patients 
used the same anti-CGRP mAbs during both the first and the 
second TrC, as therapeutic shifts are not permitted in Italy. 
AIFA reduced the initial discontinuation treatment duration 
from 3 to 1 month. In our patient cohort, the mean duration 

of D1 was 2.45 ± 0.9 months, with 129 patients undergoing 
a 3-month duration and 49 patients undergoing a 1-month 
duration. Conversely, the duration of D2 was consistently 
1 month for all patients.

Most patients were females (73.6%) with a mean age of 
48.6 years and affected by CM (77.5%). Patients with CM 
differed from those affected by HFEM for higher MAM, 
greater HIT-6 score, and more frequent use of concomitant 
medications (Table 1).

Primary endpoint (Table 2):

• D2 vs. D1: fremanezumab resulted in a significant 
decrease in both MMD (– 0.6, p < 0.028) and MHD 
(– 2.6, p < 0.001).

Secondary endpoints (Table 2):

• D2 vs. D1: patients showed a significant improvement 
in MAM use (– 2.0, p < 0.001), and HIT-6 score (– 2.2, 
p < 0.001). The NRS score demonstrated a reduction 
(– 0.2), though not statistically significant.

•  ≥ 50%, ≥ 75%, and 100% response rates: during the 
first TrC (weeks 45–48) were 95.5%, 52.8%, and 0.6%, 
respectively. During the second TrC (weeks 45–48) they 
were 99.4%, 52.8%, and 6.7%. The corresponding rates 
at D1 were 20.2%, 2.2%, and 0% whereas at D2 were 
51.6%, 2.2%, and 0% (Figs. 2, 3, 4).

• Relapse from episodic migraine to CM: the relapse rate 
into CM at D2 (12.3%) was lower than at D1 (30.4%) 
(p = 0.0002) (Fig. 5).

• Relapse from no-MO to MO: the relapse into MO was 
less frequent at D2 (29.5%) compared to D1 (68.7%) 
(p = 0.00001) (Fig. 6) and occurred only in previous 
overusers.

• First TrC (weeks 45–48) vs. baseline: a significant 
(p < 0.001) reduction was observed in MMD (– 8.4), 
MHD (– 16.3), MAM (– 14.5), NRS (– 3.7) and HIT-6 
(– 18.5) scores.

• D1 vs. first TrC (weeks 45–48): there was a significant 
increase (p < 0.001) in MMD (+ 5.6), MHD (+ 7.8), 
MAM (+ 6.6), NRS (+ 2.4), and HIT-6 (+ 11.1) scores.

• Second TrC (weeks 45–48) vs. first TrC (weeks 45–48): 
a significant reduction was noted in MHD (–  0.5, 
p = 0.003), MAM (– 1.1, p < 0.001), and HIT-6 score 
(– 1.6, p < 0.002).

• Second TrC (weeks 45–48) vs. D1: significant (p < 0.001) 
reductions were observed in MMD (– 5.9), MHD (-8.3), 
MAM (– 7.7), NRS (– 2.5), and HIT-6 (– 12.7) scores.

• D2 vs. second TrC (weeks 45–48): a significant increase 
(p < 0.001) was noted in MMD (+ 5.3), MHD (+ 5.6), 
MAM (+ 5.7), NRS (+ 2.3), and HIT-6 (+ 10.7) scores.
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Discussion

A single 12-month TrC with anti-CGRP mAbs does not 
appear to be disease-modifying, as it typically results in 
migraine relapse after treatment discontinuation [6–13]. 
However, this finding does not preclude the possibility 
that anti-CGRP mAbs could manifest disease-modifying 
effects when used over an extended period of time or after 
multiple TrCs. To achieve a more comprehensive under-
standing of the influence of anti-CGRP mAbs on migraine 
pathophysiological mechanisms, it is valuable to assess 
changes in migraine characteristics not only during con-
secutive TrCs but also to examine variations in migraine 
relapse during successive periods of TrC discontinuation. 
Indeed, discontinuation phases are particularly informa-
tive regarding the central effects of the treatment, as they 
coincide with a progressive reduction in the peripheral 

antinociceptive action of anti-CGRP mAbs [17]. In Italy, 
anti-CGRP treatment must be discontinued after 12 treat-
ment months for at least 1 month, as mandated by AIFA 
reimbursement regulations [16]. Consequently, patients 
often undergo multiple TrCs, restarting anti-CGRP mAbs 
due to migraine recurrence. This provides an opportu-
nity to evaluate the effects of multiple TrCs on migraine 
course, at least considering the first month following 
discontinuation.

The present prospective, multicenter, real-life study con-
ducted in the Italian context suggests that a second 12-month 
TrC with anti-CGRP in patients with HFEM or CM adds 
substantial clinical benefits to migraine outcomes compared 
to the first one. Notably, the second TrC induced a more pro-
nounced reduction in migraine frequency, analgesic use, and 
disability compared to the first TrC, particularly in patients 
with CM.

Table 1  Demographic and 
clinical features of migraine 
patients

HFEM high frequency episodic migraine, CM chronic migraine, BMI Body Mass Index, MHDs monthly 
headache days, MMDs monthly migraine days, NR, Numeric Rating Scale, UAS Unilateral cranial auto-
nomic symptoms, dopaminergic symptoms: presence during prodromes, headache stage or postdromes 
of have at least one of the following symptoms: yawning, somnolence, nausea, vomiting, mood changes, 
fatigue or diuresis, HIT-6 Headache Impact Test-6

Number (%) or mean ± SD p-values

All patients HFEM CM

Patients, n 178 40 138
Age, years 48.5 ± 10.3 50.9 ± 9.6 47.8 ± 10.5 0.087
Females 131 (73.6) 31 (77.5) 100 (72.5) 0.665
BMI 23.1 ± 2.6 23.3 ± 2.6 23.1 ± 2.6 0.648
Age onset 16.9 ± 7.1 16.0 ± 5.9 17.2 ± 7.4 0.353
MMDs at baseline 11.8 ± 1.7 11.8 ± 1.7 – –
MHDs at baseline 21.6 ± 5.2 – 21.6 ± 5.2 –
Monthly analgesic medications 19.6 ± 9.1 12.0 ± 2.1 21.8 ± 9.2  < 0.001
Medication overuse 112 (62.9) – 112 (82.3) –
Medication overuse duration, years 7.5 ± 6.1 – 7.5 ± 6.1 –
NRS score 7.9 ± 0.8 8.1 ± 0.6 7.8 ± 0.9 0.080
Unilateral pain 104 (61.2) 21 (60.0) 83 (61.5) 0.994
UAS 103 (59.2) 22 (57.9) 81 (59.6) 0.854
Ictal Allodynia 104 (60.8) 24 (64.9) 80 (59.7) 0.569
Dopaminergic symptoms 60 (35.5) 13 (36.1) 47 (35.3) 0.932
HIT-6 score 67.6 ± 5.7 65.3 ± 3.3 68.7 ± 6.0 0.003
Patients using concomitant migraine 

prophylaxis
71 (39.9) 12 (30.0) 59 (72.8) 0.147

Prior treatment failures, n 0.391
 3–4 101 (60.5) 24 (66.7) 77 (58.8)
 > 4 66 (39.5) 12 (33.3) 54 (41.2)

Pts with ≥ 1 comorbidity 74 (41.8) 19 (47.5) 55 (40.1) 0.517
Pts with psychiatric comorbidities 46 (26.0) 11 (27.5) 35 (25.5) 0.804
Pts using concomitant medications 170 (95.5) 34 (85.0) 136 (98.5) 0.008
Erenumab 133 (74.7) 26 (65.0) 107 (77.5)
Galcanezumab 30 (16.9) 11 (27.5) 19 (13.8)
Fremanezumab 15 (9.1) 3 (7.5) 12 (8.7)
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However, we underscore that the most crucial insights 
arise from comparing migraine parameters during the first 
and second treatment discontinuation periods. Migraine 

relapse at D2 was milder than at D1, as evidenced by a signif-
icantly lower increase in MMD/MHD, MAM, and migraine 
disability. Further, the proportion of ≥ 50% responders 

Table 2  Effects of the first and 
the second 12-month treatment 
cycle with anti-CGRP mAbs 
and of the first and the second 
1-month discontinuation period 
on different migraine outcomes

TrC 12-month treatment cycle with anti-CGRP mAbs, D1 first month of treatment discontinuation after the 
first treatment cycle, D2 first month of treatment discontinuation after the second treatment cycle, MMD 
Monthly Migraine Days, MHD Monthly Headache Days, NRS Numerical Rating Scale, HIT-6 Headache 
Impact Test, ns not statistically significant
Primary endpoints are represented in bold

Comparison Parameter Change (Mean ± SD) p-value

First TrC (weeks 45–48) vs. baseline MMD – 8.4 ± 2.7  < 0.001
MHD – 16.3 ± 5.3  < 0.001
Monthly analgesic medications – 14.5 ± 7.7  < 0.001
NRS – 3.7 ± 1.3  < 0.001
HIT-6 – 18.5 ± 9.7  < 0.001
% CM 100% → 0%  < 0.001
% MO 100% → 4.5%

D1 vs. first TrC (weeks 45–48) MMD  + 5.6 ± 1.9  < 0.001
MHD  + 7.8 ± 3.1  < 0.001
Monthly analgesic medications  + 6.6 ± 4.3  < 0.001
NRS  + 2.4 ± 1.1  < 0.001
HIT-6  + 11.1 ± 6.3  < 0.001
% CM 0% → 30.4%  < 0.001
% MO 4.5% → 61.6%  < 0.001

Second TrC (weeks 45–48) vs
first TrC (weeks 45–48)

MMD – 0.3 ± 1.5 ns
MHD – 0.5 ± 2.0 0.003
Monthly analgesic medications – 1.1 ± 3.3  < 0.001
NRS – 0.07 ± 1.5 ns
HIT-6 – 1.6 ± 6.6 0.002
% CM 0% → 0% ns
% MO 4.5% → 0% ns

Second TrC (weeks 45–48) vs. D1 MMD – 5.9 ± 1.7  < 0.001
MHD – 8.3 ± 3.3  < 0.001
Monthly analgesic medications – 7.7 ± 3.6  < 0.001
NRS – 2.5 ± 1.6  < 0.001
HIT-6 – 12.7 ± 6.5  < 0.001
% CM 30.4% → 0%  < 0.001
% MO 61.6% → 0%  < 0.001

D2 vs. second TrC (weeks 45–48) MMD  + 5.3 ± 1.7  < 0.001
MHD  + 5.6 ± 3.2  < 0.001
Monthly analgesic medications  + 5.7 ± 3.2  < 0.001
NRS  + 2.3 ± 1.9  < 0.001
HIT-6  + 10.7 ± 6.7  < 0.001
% CM 0% → 12.3%  < 0.001
% MO 0% → 29.5%  < 0.001

D2 vs. D1 MMD – 0.6 ± 1.7 0.028
MHD – 2.6 ± 3.6  < 0.001
Monthly analgesic medications – 2.0 ± 3.6  < 0.001
NRS – 0.2 ± 1.4 ns
HIT-6 – 2.2 ± 6.2  < 0.001
% CM 0% → 12.3%  < 0.001
% MO 4.5% → 29.5%  < 0.001
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Fig. 2  Proportion of patients with a ≥ 50%, ≥ 75% or 100% reduction 
in monthly migraine/headache days following treatment with anti-
CGRP mAbs in all patients. D1: first month of treatment discontin-

uation after the first anti-CGRP treatment cycle; D2: first month of 
treatment discontinuation after the second anti-CGRP treatment cycle
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Fig. 3  Proportion of patients with a ≥ 50%, ≥ 75% or 100% reduction 
in monthly migraine days following treatment with anti-CGRP mAbs 
in patients with high frequency episodic migraine (HFEM). D1: first 

month of treatment discontinuation after the first anti-CGRP treat-
ment cycle; D2: first month of treatment discontinuation after the sec-
ond anti-CGRP treatment cycle
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Fig. 5  Proportion of patients remitting from chronic migraine (CM) 
to episodic migraine (EM) and vice-versa (colored bars: patients 
affected by chronic migraine, CM; white dotted bars: patients affected 

by episodic migraine, EM). D1: first month of treatment discontinu-
ation after the first anti-CGRP treatment cycle; D2: first month of 
treatment discontinuation after the second anti-CGRP treatment cycle
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increased from 20.2% at D1 to 51.6% at D2 (HFEM from 
12.5% to 25%; CM from 22.5 to 59.4%). Lastly, relapse from 
episodic migraine to CM and from no-MO to MO occurred 
less frequently during D2 compared to D1 (12.2 vs 30.4% 
and 29.5% vs 68.7%, respectively). These findings align 
with a gradual modification of the mechanisms underlying 
migraine evolution and progression across multiple anti-
CGRP TrCs.

Almost all the patients presented a ≥ 50% response at 
12 months during the first TrCs (95.5% and 99.4%, respec-
tively). This very high proportion—in line with that reported 
by our group in a prospective 1-year study (91.3%)—is eas-
ily explained by the fact that our sample consists only of 
responders at 12 weeks, a requirement requested by AIFA 
to allow treatment continuation [18]. Notably, all responders 
during the first TrC were also responders during the second 
TrC.

The migraine course is typically fluctuating, leading 
over time to a complete or partial clinical remission in some 
patients, and to a persistent or progressive evolution in oth-
ers [3]. The worsening of migraine represents the clinical 
manifestation of slowly evolving functional and anatomical 
changes in a susceptible brain within a predisposed individ-
ual, influenced by lifestyle, environmental factors, or comor-
bidities [3]. Repetitive peripheral sensitization induced by 
CGRP and other neuropeptides during migraine attacks 
leads to central sensitization with progressive adaptive 

changes including alteration in brain volume (thickening 
or gain), iron deposition, and white matter changes [3, 19]. 
Conversely, galcanezumab reverses cortical thickness in 
multiple brain areas among treatment responders, confirm-
ing the potential for a peripherally acting treatment to ben-
eficially modify central migraine mechanisms [20].

Based on the aforementioned findings, it is evident that 
the potential to reverse the intricate pathophysiological 
mechanisms driving migraine progression lies primarily 
in prolonged migraine prevention strategies. The need for 
extending anti-CGRP mAbs treatment is also underscored 
by reports of late response (> 12 weeks) and ultra-late 
response (> 24 weeks) to anti-CGRP mAbs observed in a 
significant proportion (30%) of migraine patients [18, 21]. 
As astutely pointed out by Szabo et al., anti-CGRP mAbs 
exhibit a peripheral site of action in the meninges, provid-
ing quite rapid headache control, and a central mechanism 
of action, resulting in a slower migraine prophylactic effect. 
Therefore, prolonged (or multiple) TrCs with anti-CGRP 
mAbs are required to progressively act on the multiphasic 
mechanisms—operating at both cortical and subcortical lev-
els—involved in migraine evolution [20].

The present study suggests that, instead of providing a 
definitive resolution, a second migraine TrC with anti-CGRP 
mAbs is likely to facilitate the recovery from maladaptive 
neural activity and counteract the intricate mechanisms 
leading to trigeminal and central sensitization. Clinically, 
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Fig. 6  Proportion of patients remitting from medication overuse 
(MO) to no-MO and vice-versa (colored bars: patients with MO; 
white dotted bars: patients without MO). D1: first month of treatment 

discontinuation after the first anti-CGRP treatment cycle; D2: first 
month of treatment discontinuation after the second anti-CGRP treat-
ment cycle
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this is demonstrated by a notable decrease in migraine fre-
quency, analgesic intake, and disability, an increase in ≥ 50% 
responder rate, and a reduction in relapse to CM and MO 
during D2 compared to D1.

The use of data based on a single month of anti-CGRP 
mAbs treatment discontinuation (as required by Italian AIFA 
rules) represents the most relevant limitation of the present 
study. A deeper insight into the ability of multiple treatment 
cycles to modify the migraine course could be achieved by 
assessing the effects of treatment discontinuation for longer 
than 5 months, corresponding to the 5-half-life of these 
drugs. However, comparing the immediate consequences 
of anti-CGRP mAbs discontinuation over consecutive treat-
ments may offer valuable insights into the slowly progres-
sive biological effects exerted by the antagonism of CGRP-
mediated peripheral and central sensitization provided by the 
treatment. Another limitation is that the study exclusively 
focused on patients with HFEM and CM, thereby excluding 
individuals with lower attack frequency. Additionally, most 
patients received treatment with erenumab. Lastly, since 
the average age of the patients was in their late forties—an 
age at which migraines might spontaneously improve—this 
could represent a confounding factor.

The strengths of the study include the substantial sample 
size, the prospective multicenter design, and the extensive 
series of clinical data collected through a shared web-based 
questionnaire within the framework of the Italian Migraine 
Registry.

In conclusion, our study suggests that a second TrC with 
anti-CGRP mAbs offers gradual clinical improvements 
compared to the first one, as indicated by a milder migraine 
relapse at D2 compared to D1, suggesting a potential to 
modify the course of migraine. While the logical approach 
to treating migraine involves prolonged prevention, the use 
of multiple TrCs with anti-CGRP mAbs could progressively 
modify migraine evolution by reducing CGRP-dependent 
neuroinflammatory nociceptive inputs impinging into the 
brain [20].

Funding This work was partially supported by the Italian Ministry of 
Health (Institutional Funding Ricerca Corrente) IRCCS San Raffaele 
Roma and by Fondazione Italiana Cefalee (FICEF).

Data availability The dataset used and analyzed during the current 
study is available from the corresponding author on reasonable request.

Declarations 

Conflicts of interest Piero Barbanti reports personal compensation for 
consulting, serving on a scientific advisory board, speaking, research 
support, collaborated for clinical trials, or other activities with Abbvie, 
Alder, Allergan, Amgen, Angelini, Assosalute, Bayer, Biohaven, Elec-
troCore, Eli-Lilly, Fondazione Ricerca e Salute, GSK, Lundbeck, Lu-
sofarmaco, 1MED, MSD, New Penta, Noema Pharma, Novartis, Pfiz-
er, Stx-Med, Teva, Visufarma, Zambon and serves as President with 
Italian Association of Headache Sufferers. Cinzia Aurilia received 

travel grants from Eli-Lilly, FB-Health, Lusofarmaco and Teva, hono-
raria from Novartis, Eli-Lilly, and Teva; Gabriella Egeo received travel 
grants and honoraria from Eli-Lilly, Novartis, New Penta and Ecup-
harma; Paola Torelli received a travel grant, honoraria as a speaker, or 
for participating in advisory boards from Novartis, Teva, Eli Lilly, and 
Allergan; Florindo d’Onofrio received a travel grant, and honoraria as 
a speaker or for participating in advisory boards from Novartis, Teva, 
Neopharmed Gentili, Qbgroup srl, K link srl and Eli-Lilly; Bruno Co-
lombo received travel grants, honoraria for advisory boards, speaker 
panels or investigation studies from Novartis, Teva, Lilly e Lusofar-
maco; Massimo Filippi is Editor-in-Chief of the Journal of Neurol-
ogy; received compensation for consulting services and/or speaking 
activities from Bayer, Biogen Idec, Merck-Serono, Novartis, Roche, 
Sanofi Genzyme, Takeda, and Teva; and receives research support 
from Biogen Idec, Merck-Serono, Novartis, Roche, Teva, Italian Min-
istry of Health, Fondazione Italiana Sclerosi Multipla, and ARiSLA 
(Fondazione Italiana di Ricerca per la SLA); Sabina Cevoli received 
honoraria for speaker panels from Teva and Novartis; Stefania Proietti, 
Giulia Fiorentini, Bianca Orlando, Antonio Carnevale, Sofia Tavani 
and Stefano Bonassi have no disclosures to declare.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Migraine AM (2020) N Engl J Med 383(19):1866–1876
 2. Ashina M, Buse DC, Ashina H et al (2021) Migraine: integrated 

approaches to clinical management and emerging treatments. Lan-
cet 397(10283):1505–1518

 3. Rattanawong W, Rapoport A, Srikiatkhachorn A (2022) Neuro-
biology of migraine progression. Neurobiol. Pain 9(12):100094. 
https:// doi. org/ 10. 1016/j. ynpai. 2022. 100094

 4. Hepp Z, Bloudek LM, Varon SF (2014) Systematic review of 
migraine prophylaxis adherence and persistence. J Manag Care 
Pharm 20(1):22–33

 5. Sacco S, Amin FM, Ashina M et al (2022) European Headache 
Federation guideline on the use of monoclonal antibodies tar-
geting the calcitonin gene related peptide pathway for migraine 
prevention - 2022 update. J Headache Pain 23(1):67. https:// doi. 
org/ 10. 1186/ s10194- 022- 01431-x

 6. Guerzoni S, Baraldi C, Pensato U, Favoni V, Lo Castro F, Cain-
azzo MM, Cevoli S, Pani L (2022) Chronic migraine evolution 
after 3 months from erenumab suspension: real-world-evidence-
life data. Neurol Sci 43(6):3823–3830. https:// doi. org/ 10. 1007/ 
s10072- 022- 05870-x. (Epub 2022 Jan 11)

 7. Schiano di Cola F, Caratozzolo S, Venturelli E, Balducci U, Sidoti 
V, Pari E, Costanzi C, di Summa A, Sixt GJ, D’Adda E, Liber-
ini P, Rao R, Padovani A (2021) Erenumab discontinuation after 
12-month treatment: a multicentric observational real-life study. 
Neurol Clin Pract. 11(6):e834–e839. https:// doi. org/ 10. 1212/ CPJ. 
00000 00000 001112

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ynpai.2022.100094
https://doi.org/10.1186/s10194-022-01431-x
https://doi.org/10.1186/s10194-022-01431-x
https://doi.org/10.1007/s10072-022-05870-x
https://doi.org/10.1007/s10072-022-05870-x
https://doi.org/10.1212/CPJ.0000000000001112
https://doi.org/10.1212/CPJ.0000000000001112


 Journal of Neurology

 8. Vernieri F, Brunelli N, Messina R, Costa CM, Colombo B, Torelli 
P, Quintana S, Cevoli S, Favoni V, d’Onofrio F, Egeo G, Rao R, 
Filippi M, Barbanti P, Altamura C (2021) Discontinuing mono-
clonal antibodies targeting CGRP pathway after one-year treat-
ment: an observational longitudinal cohort study. J Headache Pain 
22(1):154. https:// doi. org/ 10. 1186/ s10194- 021- 01363-y

 9. Raffaelli B, Terhart M, Overeem LH, Mecklenburg J, Neeb L, 
Steinicke M, Reuter U (2022) Migraine evolution after the ces-
sation of CGRP(-receptor) antibody prophylaxis: a prospective, 
longitudinal cohort study. Cephalalgia 42(4–5):326–334. https:// 
doi. org/ 10. 1177/ 03331 02421 10466 17. (Epub 2021 Sep 27)

 10. Gantenbein AR, Agosti R, Gobbi C, Flügel D, Schankin CJ, Viceic 
D, Zecca C, Pohl H (2021) Impact on monthly migraine days of 
discontinuing anti-CGRP antibodies after one year of treatment - a 
real-life cohort study. Cephalalgia 41(11–12):1181–1186. https:// 
doi. org/ 10. 1177/ 03331 02421 10146 16. (Epub 2021 May 17)

 11. De Matteis E, Affaitati G, Frattale I, Caponnetto V, Pistoia F, 
Giamberardino MA, Sacco S, Ornello R (2021) Early outcomes 
of migraine after erenumab discontinuation: data from a real-life 
setting. Neurol Sci 42(8):3297–3303. https:// doi. org/ 10. 1007/ 
s10072- 020- 05022-z. (Epub 2021 Jan 2)

 12. Raffaelli B, Terhart M, Mecklenburg J, Neeb L, Overeem LH, 
Siebert A, Steinicke M, Reuter U (2022) Resumption of migraine 
preventive treatment with CGRP(-receptor) antibodies after a 
3-month drug holiday: a real-world experience. J Headache Pain 
23(1):40. https:// doi. org/ 10. 1186/ s10194- 022- 01417-9

 13. Vernieri F, Brunelli N, Guerzoni S, Iannone LF, Baraldi C, Rao 
R, Schiano di Cola F, Ornello R, Cevoli S, Lovati C, Albanese 
M, Perrotta A, Cetta I, Rossi SS, Taranta V, Filippi M, Geppetti 
P, Sacco S, Altamura C (2023) Retreating migraine patients in 
the second year with monoclonal antibodies anti-CGRP path-
way: the multicenter prospective cohort RE-DO study. J Neurol 
270(11):5436–5448. https:// doi. org/ 10. 1007/ s00415- 023- 11872-2. 
(Epub 2023 Jul 19.PMID: 37468621)

 14 Angus-Leppan H, Sperling MR, Villanueva V (2023) Antiseizure 
medications (antiepileptic drugs) in adults: starting, monitoring 
and stopping. J Neurol 270(1):573–581

 15. Bandelow B, Michaelis S, Wedekind D (2017) Treatment of anxi-
ety disorders. Dialogues Clin Neurosci 19(2):93–107

 16. Gazzetta Ufficiale della Repubblica Italiana. Serie Gener-
ale n; 2020. Accessed January 17, 2023. gazzettaufficiale.it/
gazzetta/serie_generale/caricaDettaglio? Data Pubblicazione 
Gazzetta=2020–07–21&numeroGazzetta=182.

 17. Labastida-Ramírez A, Caronna E, Gollion C, Stanyer E, Dapkute 
A, Braniste D, Naghshineh H, Meksa L, Chkhitunidze N, Gudadze 
T, Pozo-Rosich P, Burstein R, Hoffmann J (2023) Mode and site 
of action of therapies targeting CGRP signaling. J Headache Pain 
24(1):125

 18. Barbanti P, Aurilia C, Egeo G, Proietti S, D'Onofrio F, Torelli 
P, Aguggia M, Bertuzzo D, Finocchi C, Trimboli M, Cevoli 
S, Fiorentini G, Orlando B, Zucco M, Di Clemente L, Cetta I, 
Colombo1 B, Bandettini di Poggio ML, Favoni V, Grazzi L, 
Salerno A, Carnevale A, Robotti M, Frediani F, Altamura C, 
Filippi M, Vernieri F, Bonassi S, for the Italian Migraine Regis-
try study group (2024) Ultra-late response (>24 weeks) to anti-
CGRP monoclonal antibodies in migraine: a multicenter, pro-
spective, observational study. J Neurol. https:// doi. org/ 10. 1007/ 
s00415- 023- 12103-4

 19. Ferroni P, Palmirotta R, Egeo G, Aurilia C, Valente MG, Spila 
A, Pierallini A, Barbanti P, Guadagni F (2022) Association of 
LTA and SOD gene polymorphisms with cerebral white matter 
hyperintensities in migraine patients. Int J Mol Sci 23(22):13781. 
https:// doi. org/ 10. 3390/ ijms2 32213 781

 20. Barbanti P, Aurilia C, Egeo G, Torelli P, Proietti S, Cevoli S, 
Bonassi S, Italian Migraine Registry study group (2023) Late 
response to Anti-CGRP monoclonal antibodies in migraine: 
a multicenter, prospective observational study. Neurology 
101(11):482–488

 21. Szabo E, Ashina S, Melo-Carrillo A, Bolo NR, Borsook D, 
Burstein R (2023) Peripherally acting anti-CGRP monoclonal 
antibodies alter cortical gray matter thickness in migraine patients: 
a prospective cohort study. Neuroimage Clin 40:103531. https:// 
doi. org/ 10. 1016/j. nicl. 2023. 103531. (Epub 2023 Oct 14)

Authors and Affiliations

Piero Barbanti1,2  · Cinzia Aurilia1 · Gabriella Egeo1 · Stefania Proietti3 · Paola Torelli4 · Florindo d’Onofrio5 · 
Antonio Carnevale6 · Sofia Tavani7 · Bianca Orlando1 · Giulia Fiorentini1,2 · Bruno Colombo8 · Massimo Filippi8 · 
Stefano Bonassi2,3 · Sabina Cevoli9 · for the Italian Migraine Registry (I-GRAINE) study group

 * Piero Barbanti 
 piero.barbanti@sanraffaele.it; peterbrondi@gmail.com

1 Headache and Pain Unit, IRCCS San Raffaele, Via Della 
Pisana 235, 00163 Rome, Italy

2 San Raffaele University, Rome, Italy
3 Clinical and Molecular Epidemiology, IRCCS San Raffaele, 

Rome, Italy
4 Unit of Neurology, Department of Medicine and Surgery, 

Headache Center, University of Parma, Parma, Italy

5 Headache Center Neurology Unit, San Giuseppe Moscati 
Hospital, Avellino, Italy

6 Headache Center San Filippo Neri Hospital, Rome, Italy
7 Catholic University of Sacred Heart Rome, Fondazione 

Policlinico Universitario A. Gemelli, Rome, Italy
8 Headache Unit, Department of Neurology, Scientific Institute 

San Raffaele Hospital, Vita-Salute University, Milan, Italy
9 IRCCS Istituto delle Scienze Neurologiche di Bologna, 

Bologna, Italy

https://doi.org/10.1186/s10194-021-01363-y
https://doi.org/10.1177/03331024211046617
https://doi.org/10.1177/03331024211046617
https://doi.org/10.1177/03331024211014616
https://doi.org/10.1177/03331024211014616
https://doi.org/10.1007/s10072-020-05022-z
https://doi.org/10.1007/s10072-020-05022-z
https://doi.org/10.1186/s10194-022-01417-9
https://doi.org/10.1007/s00415-023-11872-2
https://doi.org/10.1007/s00415-023-12103-4
https://doi.org/10.1007/s00415-023-12103-4
https://doi.org/10.3390/ijms232213781
https://doi.org/10.1016/j.nicl.2023.103531
https://doi.org/10.1016/j.nicl.2023.103531
http://orcid.org/0000-0002-5670-3755

	Impact of multiple treatment cycles with anti-CGRP monoclonal antibodies on migraine course: focus on discontinuation periods. Insights from the multicenter, prospective, I-GRAINE study
	Abstract
	Objectives 
	Methods 
	Results 
	Discussion 

	Introduction
	Methods
	Statistical methods

	Results
	Discussion
	References


