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Abstract
Background and purpose: According to the latest European guidelines, discontinuation of 
monoclonal antibodies against calcitonin gene-related peptide (anti-CGRP MAb) may be 
considered after 12–18 months of treatment. However, some patients may worsen after 
discontinuation. In this study, we assessed the response following treatment resumption.
Methods: This was a prospective study conducted in 14 Headache Units in Spain. We 
included patients with response to anti-CGRP MAb with clinical worsening after with-
drawal and resumption of treatment. Numbers of monthly migraine days (MMD) and 
monthly headache days (MHD) were obtained at four time points: before starting anti-
CGRP MAb (T-baseline); last month of first treatment period (T-suspension); month of re-
start due to worsening (T-worsening); and 3 months after resumption (T-reintroduction). 
The response rate to resumption was calculated. Possible differences among periods 
were analysed according to MMD and MHD.
Results: A total of 360 patients, 82% women, with a median (interquartile range [IQR]) 
age at migraine onset of 18 (12) years. The median (IQR) MHD at T-baseline was 20 (13) 
and MMD was 5 (6); at T-suspension, the median (IQR) MHD was 5 (6) and MMD was 4 
(5); at T-worsening, the median (IQR) MHD was 16 (13) and MMD was 12 (6); and at T-
reintroduction, the median (IQR) MHD was 8 (8) and MHD was 5 (5). In the second period 
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INTRODUC TION

Migraine is a chronic neurological condition distinguished by re-
petitive, highly incapacitating and unpredictable headache attacks 
combined with various other neurological symptoms, affecting 
about one billion people worldwide per year [1], with an estimated 
global prevalence of 14% on the basis of the 2016 Global Burden of 
Disease study [2, 3].

Over the past decade, the landscape of migraine treatment 
has undergone a significant transformation with the introduction 
of monoclonal antibodies (MAb) targeting calcitonin gene-related 
peptide (CGRP) as a prophylactic approach [4–8]. Currently, four 
anti-CGRP MAb (galcanezumab, erenumab, fremanezumab and 
eptinezumab) are available. Despite the increasing evidence of 
the real-world effectiveness and safety of these drugs, the op-
timal treatment duration is unknown. Moreover, to what extent 
discontinuation after a successful therapy period may impact the 
effectiveness of anti-CGRP MAb reintroduction remains unclear 
[4, 9, 10].

According to the European Headache Federation (EHF) guide-
lines, published in 2019, prophylactic migraine treatment should 
last 6–12 months when it is effective, with a discontinuation at-
tempt afterwards [11]. However, the arrival of anti-CGRP MAb in 
the migraine management landscape prompted a re-evaluation of 
this recommendation, as real-world studies highlighted that a sub-
stantial proportion of patients experienced a worsening in their 
migraine courses after treatment discontinuation [12–14]. In light 
of this, the EHF revised its guidelines in 2022, and the current 
expert consensus includes the following: (i) a pause in treatment 
after 12–18 months, and resumption in case of worsening after 
discontinuation, and (ii) if deemed necessary, continuation of 
treatment as long as needed [15].

Previous studies, with limited sample sizes, suggest that the 
improvement after treatment resumption does not differ from the 
response in the initial treatment period [16]. Nevertheless, it is im-
portant to acknowledge that some patients might show a milder re-
sponse in comparison to first treatment period [12, 13, 16, 17]. To 
date, it remains unclear whether treatment resumption can achieve a 
clinical response comparable to that of the first period. In this study, 
we aimed to evaluate the second treatment period response and to 
compare it to the initial response to anti-CGRP MAb treatment.

METHODS

Study design and participants

This was an observational prospective analytical multicentric study. 
The study was conducted in 14 Spanish Headache Units. The study 
period ranged between January 2020 and May 2022.

Eligibility criteria

Patients were included if: (i) they were aged over 18 years; (ii) they 
had a diagnosis of high-frequency episodic migraine (HFEM) or 
chronic migraine (CM) according to the International Classification of 
Headache Disorders 3rd edition (ICHD-3) criteria [18]; (iii) they were 
treated with anti-CGRP MAb treatment after fulfilling the national 
prescription criteria for this, which include eight or more MMDs and 
lack of response to at least three preventive medications, each taken 
at sufficient doses for a minimum of 3 months, one of these medica-
tions being onabotulinumtoxinA in the case of CM [10, 19]. Patients 
could have received galcanezumab, erenumab or fremanezumab; 
eptinezumab was not yet commercialized during this study); (iv) they 
were receiving anti-CGRP MAb treatment for at least 12 months and 
had good clinical response according to the responsible physician; 
and (v) they had migraine worsening after discontinuation that led 
to restarting the anti-CGRP MAb. The decision to restart depended 
on each clinician's criteria based on their clinical practice, with dif-
ferent rates of and time to worsening, as a homogenous criterion for 
reintroduction is not defined in the different guidelines.

Patients were excluded if they had another primary or secondary 
headache disorder, except for low-frequency tension-type headache 
or medication overuse headache.

Study variables

Demographic and baseline information was collected, including age, 
sex, age at migraine onset, migraine type (high-frequency episodic 
or chronic), age at anti-CGRP MAb initiation, presence of aura, op-
pressive periocular pain, headache topography, medication over-
use with nonsteroidal anti-inflammatory drugs (NSAIDs), opioids or 

of treatment, a 50% response rate was achieved by 57.4% of patients in MHD and 65.8% 
in MMD. Multivariate models showed significant differences in MHD between the third 
month after reintroduction and last month before suspension of first treatment period 
(p < 0.001).
Conclusion: The results suggest that anti-CGRP MAb therapy is effective after reintro-
duction. However, 3 months after resumption, one third of the sample reached the same 
improvement as after the first treatment period.

K E Y W O R D S
CGRP, effectiveness, migraine, response, resumption
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triptans, number of prior preventive drugs attempted and type of 
anti-CGRP MAb started. Numbers of monthly headache days (MHD) 
and monthly migraine days (MMD), and pain intensity at each of the 
four study time points were collected as study variables. A migraine 
day was defined as a day with moderate or severe pain that lasts at 
least 4 h and had to meet migraine features defined by the ICHD-3, 
such as photophobia, phonophobia, nausea, vomiting, or worsen-
ing with physical activity, or a day with a headache that is success-
fully treated by an acute headache medication. Headache day was 
defined as a day with pain that did not meet the previous criteria. 
Patients had been trained before starting the treatment. Pain inten-
sity information was collected with a rating from 0 to 100 to assess 
differences more accurately.

Study procedures

Patients were evaluated in terms of MMD and MHD. Data were col-
lected at four time points (Figure 1). Headache diaries were prospec-
tively collected as part of clinical practice in specialized Headache 
Units.

Outcome measures

The primary objective of this study was to assess the effectiveness 
of resumption of anti-CGRP MAb regarding the number of patients 
achieving 30%, 50% and 75% response rates considering both MMD 
and MHD.

Secondary objectives included the comparison of effectiveness 
after the first and second treatment period regarding MMDs and 
MHDs. This endpoint was calculated as the difference between T-
Reintroduction (third month after treatment reintroduction) and 
T-Suspension (final month of the first period) in MMDs and MHDs. 
Positive response was considered if the result of this subtraction was 
≤0. Patients with an increase in the number of MMD or MHD during 
the second period when compared to the first were divided into three 
subgroups (1–4 days: mild; 5–10 days: moderate; >10 days: severe).

As a third exploratory objective, we aimed to identify the factors 
that influenced the change in headache and migraine days between 
the end of the first period and the 3 months after reintroduction 
(second period).

Statistical analysis

Demographic and baseline characteristics were described using 
medians with interquartile ranges (IQRs) for continuous variables, 
and percentages for categorical data. MHD and MMD were not 
normally distributed, and variances were heterogeneous accord-
ing to Kolmogorov–Smirnov and Levene's tests, respectively. 
These variables were fitted to a Gamma distribution according 
to Akaike's Information Criterion (R package: risk Distributions) 
[20]. The responder rate was calculated as a percent reduction 
from baseline in the number of MHD and MMD in each treatment 
period (30%, 50% and 75% reduction from baseline): first treat-
ment period T-Suspension to T-Baseline (month before initiating 
anti-CGRP MAb in the first period) and second treatment period 
T-Reintroduction to T-Worsening (final month of the first period). 
The temporal analyses of MHD and MMD by GzLMMs (generalized 
linear mixed models) were performed using R-libraries glmmTMB 
[21] considering temporal autocorrelation with AR1 matrix co-
variance. Pearson's chi-squared and Fisher's exact tests were em-
ployed to examine associations between categorical variables. The 
Kruskal–Wallis rank sum test was used to compare non-parametric 
continuous variables among multiple groups. To comprehensively 
understand the combined impacts of the variables under investiga-
tion, two separate multivariate models were constructed. The first 
model aimed to determine the independent variables associated 
with the dependent variable MHD, while the second model fo-
cused on MMD at the four time points. The reference time point in 
the analysis was T-Suspension. Statistical analyses were conducted 
using R v.4.2.2.

A formal sample size calculation was not performed; instead, it 
was approximated based on the data available in the literature at the 
time of the study onset.

F I G U R E  1 Flowchart describing the 
four time points of our study: (1) month 
before initiating monoclonal antibodies 
against calcitonin gene-related peptide 
(MAb) treatment (T-Baseline); (2) final 
month of the first period (T-Suspension); 
(3) once discontinued, during worsening in 
the last month before deciding to resume 
treatment (T-Worsening); and (4) the third 
month after treatment reintroduction (T-
Reintroduction).
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Ethics

This study was approved by the Ethics Committee of the University 
Clinical Hospital of Valladolid (PI-GR-22-2838) and is part of Clini​
calTr​ials.​gov identifier: NCT05232942. The study was conducted 
in accordance with the ethical principles of the Declaration of 
Helsinki.

RESULTS

A total of 360 patients were included in the study, 82% of whom 
(293/360) were women, with a median (IQR) age at migraine onset 
of 18 (12.07) years and a median (IQR) age at the initiation of MAb 
of 48.8 (13.64) years. Regarding migraine type, 73% (262/360) met 
the criteria for CM, whereas the remaining patients met the criteria 
for HFEM. Twenty per cent of patients (70/358) had migraine with 
aura. Anti-CGRP MAb therapy was initiated with erenumab in 42.8% 
(154/360), fremanezumab in 31.7% (114/360) and galcanezumab in 
25.6% of patients (92/360).

Concerning migraine characteristics, 72% (136/190) presented 
with hemicranial pain, and 9.2% (33/360) had oppressive periocu-
lar pain. We observed a median (IQR) of 5 (2) previously failed pre-
ventive treatments tested. Medication overuse headache criteria 
were fulfilled by 45% of patients (163/360), the overused drug being 
NSAIDs in 34% (124/360), opioids in 1.1% (4/360) and triptans in 
41% (146/360).

In the evaluation of the changes in migraine frequency through-
out the treatment evolution, we observed the following median 

(IQR) values: 20 (13) MHD and 13 (7) MMD in the month before ini-
tiating MAb treatment (T-Baseline). Subsequently, a median (IQR) of 
5 (6) MHD and 4 (5) MMD were recorded in the month prior to sus-
pension of treatment (T-Suspension). During the phase of worsen-
ing, in the month before antibody reintroduction, patients exhibited 
16 (13) MHD and 12 (6) MMD (T-Worsening). Three months after the 
reintroduction of the antibody treatment, patients demonstrated 
improvement, with a median (IQR) of 8 (8) MHD and 5 (5) MMD (T-
Reintroduction) (Figure 2). In terms of pain intensity, a similar trend 
was observed: 80 (14) at T-Baseline, 60 (20) at T-Suspension, 73 (15) 
at T-Worsening and 65 (25) at T-Reintroduction. The median (IQR) 
time between discontinuation of the first period and reintroduction 
of treatment was 4.4 (3.5) months.

The proportion of patients who achieved a 30% reduction at the 
end of the first period (T-Suspension) in MHD was 89.4% (322/358), 
while in MMD it was 84.4% (304/342). All the patients presented a 
clinically meaningful improvement that led the responsible physician 
to maintain the drug for the entire treatment period. The response 
rate to the second treatment period was calculated. Regarding MHD, 
75.3% (271/358) of the patients had a response rate of 30%, 54.7% 
(197/358) a response rate of 50%, and 18.1% (65/358) a response 
rate of 75%. Considering MMD, 80.8% (291/347) of the patients had 
a response rate of 30%, 65.8% (237/347) a response rate of 50%, 
and 21.4% (77/347) a response rate of 75%. The graphical represen-
tation of patient response to treatment reintroduction is included 
in Figure 3.

Baseline demographic and headache characteristics influencing 
change in MHD and MMD were analysed. T-Baseline was taken as the 
reference to analyse MMD and MHD at the remaining time points.

F I G U R E  2 Box plot illustrating the evolution of monthly migraine days (MMD) and monthly headache days (MHD) at the four time points 
of the study. T-suspension (final month of the first period) was established as a reference for statistical analysis. The data reveal a pattern 
in which MMD decrease following the initial introduction of treatment, increase after suspension, and subsequently decrease again upon 
reintroduction.
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Concerning change in MHD, patients with CM experienced a 
greater number of MHD (p < 10−4, β-coefficient = 0.34). The pres-
ence of oppressive periocular pain was associated with increased 
number of MHD (p < 10−3, β-coefficient = 0.22). A higher number 
of prior treatments correlated with more headache days (p = 0.034, 
β-coefficient = 0.01). Furthermore, patients with medication over-
use exhibited a greater number of MHD with NSAIDs (p < 10−4, 
β-coefficient = 0.02), opioids (p = 0.03, β-coefficient = 0.01) and 
triptans (p < 10−4, β-coefficient = 0.020) when they met the crite-
ria. Additionally, other variables such as sex, age of migraine onset, 
age at the initiation of anti-CGRP MAb treatment, topography and 
presence of aura were also examined, but no significant associations 
were observed.

Regarding change in MMD, we observed that this was influenced 
by certain factors. Age at migraine onset (p = 0.05, β-coeff = 0.004) 
has been correlated with an increase in number of MMD, with patients 
with an earlier onset of migraine having had a greater number of mi-
graine days per month. Additionally, migraine type has also shown a 
significant effect on MMD (p = 0.002, β-coefficient = 0.138), with pa-
tients with CM having a higher number of migraine days per month 
compared to other migraine types. Furthermore, we have observed 
that patients with medication overuse, specifically NSAIDs (p < 10−4, 
β-coefficient = 0.02), opioids (p = 0.01, β-coefficient = 0.017) and 
triptans (p < 10−4, β-coefficient = 0.03) also experience an increase 
in number of MMD. However, the other variables studied have not 
shown significant associations with MMD.

To comprehensively understand the combined impacts of the 
variables under investigation, two separate multivariate models 
were constructed. The first model aimed to determine the inde-
pendent variables associated with the dependent variable MHD 
(Table  1), while the second model focused on MMD (Table  2) at 
the four time points. The outcomes reveal a significant difference 
in MHD between T-Reintroduction and T-Suspension (p < 0.001, 
β-coefficient = 0.67), with a noticeable trend in MMD although not 
statistically significant (p = 0.067, β-coefficient = 0.07).

Afterwards we evaluated the second treatment period response 
in comparison with the first period. With regard to MHD, 93 patients 

(25.8%) showed the same improvement. Of the patients with wors-
ening MHD, 166 (46%) had mild worsening, 80 (22%) moderate and 
21 (5.8%) severe. In terms of MMD, 101 (29.2%) demonstrated an 
equivalent improvement, while 198 (57%) had a mild worsening, 38 
(10.9%) had moderate worsening, and 10 (2.9%) had severe worsen-
ing considering the above-mentioned ranges. These findings, in con-
junction with their detailed breakdown by variables, are shown in 
Table 3 and ilustrated in Figure 3. Notably, patients who experienced 
migraine at a younger age exhibited worsening in MHD (p = 0.036) 
and MMD (p = 0.001) compared to the first period (Figure 4). Also, 
the group of patients with CM included a higher percentage of in-
dividuals classified as moderate to severe non-responders in MHD 
(p = 0.007) and MMD (p = 0.026), as shown in Figure 5.

DISCUSSION

In our study, we focused on the effectiveness of anti-CGRP MAb 
in patients who had previously responded successfully according to 
the physician in charge to a first period of treatment but experienced 

Variables β-coefficient 95% CI p value

T-Worsening 0.67 0.60, 0.74 <0.001

T-Reintroduction 0.16 0.09, 0.23 <0.001

T-Baseline 0.67 0.59, 0.75 <0.001

Migraine type: CM 0.19 0.10, 0.28 <0.001

Oppressive periocular pain 0.13 0.02, 0.24 0.019

Number of prior preventive treatments 0 −0.01, 0.02 0.947

MOH: NSAIDs 0.03 0.02, 0.03 <0.001

MOH: opioids 0 −0.01, 0.02 0.663

MOH: triptans 0.02 0.02, 0.03 <0.001

Abbreviations: CI, confidence interval; CM, chronic migraine; MOH, medication overuse headache; 
NSAID, nonsteroidal anti-inflammatory drugs; T-Baseline, month before initiating anti-CGRP MAb 
treatment; T-Worsening, last month before the resumtion of treatment; T-Reintroduction, the third 
month after anti-CGRP MAb resumption.

TA B L E  1 Multivariate model for 
monthly headache days at the four time 
points and predictive variables for these.

TA B L E  2 Multivariate model for monthly migraine days at the 
four time points and predictive variables for these.

Variables β-coefficient 95% CI p value

T-Worsening 0.61 0.53, 0.69 <0.001

T-Reintroduction 0.07 −0.01, 0.14 0.069

T-Baseline 0.6 0.52, 0.69 <0.001

Migraine type: CM 0.09 0.00, 0.18 0.048

NSAIDs overuse 0.02 0.01, 0.02 <0.001

Opioids overuse 0 −0.01, 0.02 0.669

Triptans overuse 0.04 0.03, 0.04 <0.001

Abbreviations: CI, confidence interval; CM, chronic migraine; NSAIDs, 
nonsteroidal anti-inflammatory drugs; T-Baseline, month before 
initiating anti-CGRP MAb treatment; T-Worsening, last month before 
the resumption of treatment; T-Reintroduction, the third month after 
anti-CGRP MAb reintroduction.
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subsequent relapse upon discontinuation and who later restarted 
the medication, in real-life settings. Effectiveness was assessed in 
terms of MMD and MHD at 3 months after treatment reintroduc-
tion. To date, this is the largest sample size study investigating the 
reintroduction of anti-CGRP MAb.

Analysis of the effectiveness of the second treatment period 
showed that, measured by 30% response rate, 80% of patients were 
responders with regard to MMD and 75% with regard to MHD. Thus, 
we suggest that anti-CGRP MAb therapy was effective after rein-
troduction in a second period of treatment. In the study by Raffaelli 
et al. [16], 72.8% of patients had a 30% response rate 3 months after 
reintroduction, which is in line with our results. Iannone et al. [17] 
had previously described that patients in whom anti-CGRP MAb 
treatment was reintroduced because of headache worsening after 
treatment disruption showed a reduction in MMD 1 month after 
anti-CGRP MAb resumption in comparison to the third month after 
the pause, but did not achieve the same reduction in the MMD as 
that achieved at the end of the 12th month of treatment before the 
pause. In a cohort of 40 patients, Gantenbein et  al. also reported 
that patients with anti-CGRP MAb resumption after 3 months free 
of anti-CGRP MAb showed an improvement in 1 month with respect 
to treatment interruption but these authors did not make a compar-
ison with the first treatment period in their analysis [13]. In another 
publication with a sample size of 57, the restart of such treatment 
is discussed, and the secondary objective of this study was to ex-
amine what happened to patients who reintroduced treatment with 
erenumab after discontinuing it due to headache worsening. Ten 
patients reintroduced the treatment and during the first 4 weeks, 
80% were ≥50% responders. Subsequently, from Week 5 to Week 
8, the numbers of MMD and MHD were similar to those in the four 
last weeks of the first period of treatment [12]. However, compar-
ison of the responses in the second with those in the first period 
of treatment revealed significant differences. In the second period, 
analysis of MMD at 3 months showed that one third of the patients 
achieved an equivalent response to that achieved in first period, al-
though another 53% experienced mild worsening. Thus, up to 18% 
of patients did not reach the previous response within 3 months, 
with moderate to severe worsening. Similar trends were observed 
for MHD. Discontinuation of treatment could lead to a deterioration 
in the quality of life for these patients, suggesting that this should be 
considered before making a decision to discontinue.

Regarding patient profile, our results highlight that earlier onset 
of migraine, CM, and NSAIDs and triptans overuse may be associ-
ated with poorer response after treatment reintroduction when 
compared to the first treatment period. Raffaelli et al. [16] reported 
that eight patients with CM compared to three with HFEM did not 
respond to reintroduction in their sample.

Our multivariate model aimed to unravel the intricate interaction 
of demographic and migraine-specific factors influencing treatment 
response. This approach suggests that patients experiencing earlier 
onset of migraine, those with a CM diagnosis, and those with medica-
tion abuse (NAIDs or triptans) are at greater risk of poorer response 
in the second treatment period. Reinforcing the importance of early TA
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intervention in patients, we found that individuals with chronic 
headaches exhibit a diminished response to medications. In addi-
tion, our findings highlight this trend during the post-reintroduction 
period. Some studies have suggested that presence of HFEM is a 
predictor of response in the elderly [22]. Other studies suggest that 
pain characteristics such as unilaterality or triptan abuse are predic-
tive factors, which is not in line with our results [23].

Most previous studies have evaluated response after treat-
ment reintroduction using an independent measure. An advantage 
of our study is that we categorized the improvement or worsen-
ing of headaches according to varying degrees of response se-
verity in comparison to the first treatment period response. This 

classification offers a comprehensive understanding of different 
levels of treatment efficacy, allowing nuanced assessment of clin-
ical outcomes. We opted for this method of classifying patients 
because the timing of reintroduction is determined by clinical 
worsening, which does not correlate with the number of migraine 
days the patient experienced prior to anti-CGRP MAb initiation. 
Furthermore, it allows for a more accurate intra-patient compari-
son, as there could be patients who experience improvement with 
the treatment but still have days of pain, given that patients start 
from different baseline pain days.

Independently of these methodological differences, all previ-
ous studies, similarly to ours, highlighted the high probability of not 

F I G U R E  3 Graphical representation 
of patient response to treatment 
reintroduction (with respect to the end 
of the first period). On the left, monthly 
headache days (MHD) are shown on the 
left, and monthly migraine days (MMD) 
on the right. Each section includes four 
bars, each reflecting patients achieving 
improvement or worsening (in three 
subcategories) compared with the end of 
the first treatment period.

F I G U R E  4 Relationship between age 
of onset and differences between the 
two period treatments. MMD, monthly 
migraine days.
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achieving an equally satisfactory response to a second anti-CGRP 
MAb treatment period in the first months of resumption.

A limitation of our study was the 3-month follow-up period, 
which may be considered relatively short. However, the 3-month 
follow-up period may be important because it conveys a significant 
delay for patients who were responding to with anti-CGRP MAbs 
treatment until returning to their previous frequency of migraine 
attacks which may deteriorate their quality of life. It should also 
be noted that this was a multicentre study, which provided a larger 
sample size but also led to heterogeneity in the study cohort, with 
different clinical criteria used for discontinuation and reintroduction 
due to different treating physicians and regulations.

Overall, our study contributes to the evolving understanding of 
the dynamics of anti-CGRP MAb treatment, emphasizing the need 
for ongoing research into the long-term effects of such therapies 
and of treatment discontinuation and reinitiation. While our results 
suggest that the efficacy of anti-CGRP MAb in a second treatment 
period is maintained with a response rate of >30%, only one third 
of patients achieved an equivalent response to that achieved in the 
first treatment period at 3 months after resumption. Longer fol-
low-up studies are needed to determine whether patients regain 
their previous favourable response and the time required to do so, 
or whether they do not regain it.
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