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Real-life assessment of Erenumab in Refractory Chronic Migraine with Medication Overuse 

Headache 

Keywords: anti-CGRP; calcitonin gene-related peptide; OnabotulinumtoxinA; migraine treatment, 

prophylaxis. 

Abstract 

Objective: To determine whether erenumab is effective and safe in refractory chronic migraine 

with medication overuse headache. 

Methods: In this prospective, multicentric, real-life study, chronic migraine with medication 

overuse headache patients who received erenumab were recruited. Study inclusion was limited to 

patients who previously failed onabotulinumtoxinA in addition to at least three other 

pharmacological commonly used migraine preventive medication classes. 

Results: Of 396 patients who received erenumab, 38% (n=149) met inclusion criteria. After three 

months, 51% (n=76) and 20% (n=30) patients achieved ≥ 50% and ≥ 75% reduction in monthly 

headache days, respectively. Monthly pain medications intake decreased from 46.1±35.3 to 

16.8±13.9 (p <0.001), whilst monthly headache days decreased from 25.4±5.4 to 14.1±8.6 (p 

<0.001). Increasing efficacy of erenumab over the study period was observed. Allodynia was a 

negative predictive factor of erenumab response (odds ratio =0.47; p =0.03). Clinical conversion to 

episodic migraine with no medication overuse was observed in 64% (n=96) patients. No serious 

adverse events were observed. 

Conclusions: Erenumab reduced significantly migraine frequency and pain medication intake in 

refractory chronic migraine with MOH patients. 
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Introduction 

Chronic migraine (CM) patients represent 3-4% among migraineurs1, and they are at higher risk of 

developing medication overuse headache (MOH)2. Both CM and MOH weigh significantly on 

disability and economic burden3, thus requiring effective therapeutic treatments. Nonetheless, a 

subgroup of CM patients is refractory to recommended preventive treatments and has been 

historically neglected by research studies. Accordingly, despite different operational definitions of 

refractory/resistant migraine have been proposed4-7, none has ever been included in the International 

Headache Classification so far8.  

Monoclonal antibodies against calcitonin gene-related peptide (CGRP) or its receptor have largely 

proven their efficacy in both episodic and chronic migraine patients9-14, however, few studies have 

evaluated their benefit in difficult-to-treat migraineurs15-19. We aimed to investigate the 

effectiveness and safety of erenumab in patients suffering from CM with MOH, selected from four 

tertiary headache centers as the most refractory ones, who failed at least three migraine preventive 

classes in addition to onabotulinumtoxinA (BoNTA).  

 

Methods 

Standard protocol approvals, registrations, and patient consents 

The study was approved by an independent ethics committee  or local institutional review board at 

each participating site, and written informed consent was obtained from all enrolled patients. All 

clinical investigations were conducted according to the latest version of the Declarations of 

Helsinki. 

Patients’ eligibility criteria and Study design 

This was an observational, multicentric, prospective, real-life, cohort study. We prospectively 

recruited patients from the four tertiary headache centers authorized to the prescription of 

onabotulinumtoxinA and monoclonal antibodies against GCRP or its receptor in Emilia-Romagna 



 3 

Region (Bologna, Modena, Parma, and Ravenna), Italy. From May 2019 to May 2020, we included 

in the study consecutive patients who suffered from CM with MOH, defined by the International 

Classification of Headache Disorders-Third edition (ICHD-3)8, who received erenumab and were 

followed up for at least three months. All recruited patients were aged 18–65 years and had 

migraine onset before 40 years of age. Furthermore, we included only the most resistant patients 

among CM and MOH sufferers, who have previously failed BoNTA in addition to at least three 

other migraine preventive medication classes, either because of lack of efficacy or intolerable side 

effects, amongst the following drug classes: (i) tricyclic antidepressants, (ii) calcium channel 

blockers, (iii) antiepileptic drugs and (iv) beta-blockers. We defined these patients as suffering from 

refractory chronic migraine. We excluded patients who did not fulfil the eligibility criteria, pregnant 

and breastfeeding women and individuals suffering from major cardiovascular/cerebrovascular 

conditions or headache disorders other than CM or MOH. Eligible patients were those who run a 

complete diary with monthly headache days (MHDs), monthly pain medication intake (MPMI), 

mean pain intensity (MPI) measured with the numeric rating scale and the 6-item Headache Impact 

Test (HIT-6)20, before entering the study and during the 3-month follow-up. Patients who were 

already taking a migraine preventive medication prior to starting erenumab, were included in the 

study only if the medication dosage had been stable for at least three months and the dosage was not 

modified for the entire study period. At baseline, we collected demographic and anamnestic data, 

including headache characteristics. Patients were classified as triptan responders if they were 

headache free within two hours after treating with one triptan at least three attacks21. Patients were 

classified as BoNTA responders if they had ≥50% reduction in MHDs, otherwise they were 

classified as partial responders (30-50% reduction in MHDs) or non-responders (<30%)22. Patients 

were treated with a monthly subcutaneous injection of 70 mg of erenumab for the first two months, 

then they continued with erenumab 70 mg or escalated to erenumab 140 mg subcutaneous injection 

for the third month if they did not achieve a <30% reduction in MHDs23. 
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Endpoints and assessments  

The primary endpoint was to assess the ≥50% reduction in MHDs at three months (≥50% responder 

rate). The secondary endpoints were: to assess the ≥75% reduction in MHDs at three months (≥75% 

responder rate); the reduction of monthly pain medication intake and MHDs at each month; the 

evaluation of the MPI and the headache-related disability measured with the HIT-6 questionnaire. 

Additionally, we evaluated the percentage of patients who clinically converted from CM with MOH 

to EM every month, according to ICHD-3. Finally, we evaluated treatment safety, tolerability and 

adherence. 

Statistics 

The statistical analysis was performed with IBM SPSS Statistics Version 26. The distribution of 

continuous variables was verified with the Kolmorogov-Smirnov normality test. The continuous 

normally distributed variables were expressed as mean ± standard deviation (SD) and compared 

using the paired t-test; while the continuous not normally distributed variables were expressed as 

median and interquartile range (IQR) and compared with the Wilcoxon signed-rank test. Fisher’s 

exact test was used for the categorical variables reported as counts and percentages. Logistic 

regression models were used to determine baseline epidemiological and anamnestic factors 

associated with erenumab response. The variables significantly associated with the responder status 

were then tested as independent variables in a multiple logistic regression model in order to test 

potentially independent association with responder status and to check for collinearity. Pearson’s 

chi-squared goodness of fit test was performed to assess the overall goodness of fit of the model. 

The odds ratios (ORs) and the 95% confidence intervals (CI) of the risk factors were reported. All 

calculated p-values were two-tailed. Statistical significance was set at p<0.05. 

 

Data availability statement  
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The data that support the findings of this study are available from the corresponding author upon 

reasonable request.  

Results 

Patient disposition and baseline characteristics 

During the study period, 149 patients satisfied inclusion criteria among 396 migraineurs who 

received erenumab. Patients were selected from the tertiary headache centers of Bologna (73 out of 

167 patients), Modena (56 out of 137 patients), Parma (14 out of 53 patients) and Ravenna (six out 

of 37 patients). Baseline epidemiological and anamnestic characteristics are summarized in Table 1. 

Most of the patients were females and medical history of depressive disorders were common (23%). 

More than half of the patients were responsive to triptans. Eighty-nine patients (59%) were taking at 

least one further migraine preventive drug treatment concomitantly with erenumab. Almost all 

patients failed BoNTA due to lack of efficacy (61% zero effect; 36% poor effect), while only four 

patients reported clinical benefits but discontinued BoNTA treatment due to tolerability issues. 

Previous failed migraine preventive medication classes are illustrated in Figure 1. Seventy-nine 

patients (53%) escalated dosage of erenumab to 140 mg at the third dose because they displayed a 

<30% reduction in MHDs (BoNTA non-responders). Only two patients discontinued study 

treatment after two doses due to personal choice related to lack of efficacy of erenumab 70 mg. No 

patients were lost to follow-up. 

Efficacy outcomes 

After three months 76/149 (51%) patients achieved the primary outcome as ≥ 50% responders, 

including 30 (20%) patients who obtained a reduction of MHDs ≥ 75%. Rates of responders 

increased over time as shown in Figure 2 and Figure 3. Similarly, we observed a statistically 

significant increasing benefit over time in secondary therapeutic outcomes (Figure 4). Mean 

number of MHDs decreased from 25.4 ± 5.4 to 14.1 ± 8.6 (p<0.001), while the mean number of 

monthly pain medications intake decreased from 46.1 ± 35.3 to 16.8 ± 13.9 (p<0.001). Moreover, 
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disability evaluated with HIT-6 decreased from 66.2 ± 6.3 to 56.7 ± 9.2 (p<0.001). Finally, MPI 

decreased from 7.9 ± 1.7 to 5.9 ± 1.6 (p<0.001) at last follow-up. 

Baseline headache characteristics were analyzed using logistic regression models in order to 

identify prognostic factors of erenumab response (Table 1). The univariate analysis revealed an 

association with a longer history of MOH, a more frequent presence of allodynia and being BoNTA 

non-responders. According to multivariate analysis, only the presence of allodynia remained a 

significant negative predictor of treatment response (OR= 0.47; CI 0.24-0.94; p=0.034) (Table 1). 

The Pearson chi-squared goodness of fit test indicated that the model fitted reasonably well 

(χ2=116.25, P=0.127). 

Considering international headache diagnostic criteria, 96/149 (64%) of patients were clinically 

converted to EM with no medication overuse at three months. Status change increased over time 

during the study period as shown in Figure 3. 

Safety and tolerability 

During the three months of follow-up, no serious adverse event was observed. Minor adverse events 

were reported by 47 (32%) patients, among which the most commons were: constipation, stomach 

ache/nausea, flu-like symptoms, injection-site reaction and pruritus. Table 2 summarized all 

adverse events. 

 

Discussion  

The results of our study confirm the effectiveness and safety of erenumab, even in very difficult-to-

treat migraine patients who suffer from refractory chronic migraine with MOH. Notably, we 

observed a clinically significant response to erenumab since the very first month of treatment and 

an increase of such response during follow-up. Since a placebo response usually decreases with a 

longer treatment duration, increasing effectiveness is likely related to erenumab itself, either 

secondary to a longer drug exposure duration or a higher dosage. Similarly, another study showed a 

persistent trend of increasing benefit even after six months of treatment15. 
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The percentage of patients achieving ≥50% responder status in our cohort (51%) is comparable to 

that reported in erenumab randomized controlled trials (RCTs), ranging from 30% to 50%11,24,25. 

However, RCTs were limited to chronic migraine patients who experienced less than 2-4 preventive 

treatment failures11,24,25, excluding more therapy resistant/refractory patients. Accordingly, resistant 

and refractory migraine are disabling conditions which have been historically neglected by both 

clinical studies and diagnostic criteria; hence the two terms have been long used interchangeably. 

Few real-life retrospective18,26 and prospective15,16,27,28 studies have investigated specifically 

erenumab efficacy in resistant migraine so far, however, no one selected such a difficult-to-treat 

migraine population in terms of therapy refractoriness, headache frequency and analgesic 

consumption compared to ours. Notably, all these studies, as ours, showed a consistent efficacy of 

erenumab in resistant migraine patients, regardless of different inclusion criteria. Raffaeli et al.26 

retrospectively analyzed the effect of erenumab in patients who had six previous therapeutic failures 

including BoNTA and, at three months of follow-up, one third of the patients achieved a ≥50% 

responder rate. Two further recent studies15,28 prospectively analyzed resistant chronic migraine 

patients, irrespective of BoNTA use and medication overuse. Lambru et al.15 prospectively 

evaluated migraine patients who failed at least three preventive pharmacological treatments and 

observed a ≥50% responder rate of 35% at three months of follow-up, while Russo et al.28 showed a 

53% responder rate in 70 patients with previous treatment failure of at least four migraine 

medication classes or BoNTA. Our group previously showed a 38% responder rate in a preliminary 

analysis of a monocentric prospective study evaluating CM patients with MOH who failed at least 

ten preventive pharmacological and non-pharmacological migraine treatments27.  

Noteworthy, in our and previous studies, anti-CGRP mAbs have consistently showed efficacy also 

in BoNTA non-responders, regardless of a shared trigeminal targeted mechanism. The underpinning 

biologics still remain to be fully unveiled, yet preclinical evidence showed partially complementary 

and synergistic action of these therapies, potentially explaining the observed different treatment 

responses29. Indeed, BoNTA acts peripherally inhibiting the release of pain-modulating substances, 
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including CGRP, from extracranial and meningeal C-fibres. Conversely, anti-CGRP mAbs act more 

systemically, yet selectively, on CGRP ligand and receptor interaction, predominantly within 

meningeal vessel walls and meningeal Aδ-fibres29. 

Status change from chronic to episodic migraine with resolution of MOH was observed in 64% of 

our cohort. Even though in a smaller sample size cohort and with less drug refractoriness compared 

to our study, similar results have been already observed in both real-life studies16,18 and a RCT 

subgroup analysis30, where MOH resolution after treatment ranged from 47% to 73%, irrespective 

of whether detoxification treatment strategies were adopted or not. Notably, nowadays there is no 

evidence regarding a potential additional benefit of detoxification in migraine patients with MOH 

starting an anti-CGRP treatment31. Looking at baseline predictive factors of erenumab response 

(Table 1), we found that a longer MOH duration, a zero response to BoNTA as well as a higher 

recurrence of allodynia during migraine attacks were associated, yet only allodynia was persistently 

a negative predictive factor in multivariate analysis. Cutaneous allodynia is associated with higher 

serum CGRP levels and anti-CGRP monoclonal antibodies have shown therapeutic benefit also in 

these patients32. However, it is considered a symptom of central sensitization in CM33 that leads to 

neuroplastic changes over time and usually reflects a more severe disease status34, potentially 

resulting in higher resistance to treatment35, as in our patients.  

During the follow-up period, we did not observe any serious adverse event. In our study, 

constipation was observed far more frequently (19%) compared to RCTs (1,3-4,0%), consistently 

with previous real-life studies (13,5-23,9%) 15,16,26,28,36. Nonetheless, we did not observe any 

adverse event-related discontinuation in our study. This result confirms the high tolerability and 

adherence to erenumab, which is remarkable since patients who suffer from CM are notoriously 

more prone to discontinue treatment over time37. Notably, despite CGRP involvement in the gastro-

intestinal tract regulation38, an open-label extension study proved long-term tolerability of 

erenumab without an increased constipation risk over time39. 
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Our study has several limitations. First, we did not compare baseline treatment response to each 

dose of erenumab (70 mg vs 140 mg). Therefore, increasing effectiveness over time may have been 

related to a higher dosage rather than a longer treatment duration since more than half of our cohort 

escalated to erenumab 140 mg at the third dose. Second, our study lacks a controlled group,  

preventing to detect a potential placebo effect. Third, we were not able to address whether a higher 

treatment effectiveness and resolution of MOH could be achieved based on detoxification strategies 

prior to erenumab treatment. Ultimately, the study follow-up was limited to three months. 

Further research will be needed to evaluate whether resistant migraine patients should initiate 

treatment with erenumab 140 mg and whether detoxification prior anti-CGRP treatment may result 

in additional benefit in MOH patients. Moreover, future studies will need to consider a longer 

follow-up aiming to evaluate long-term effectiveness, safety and adherence to treatment in difficult-

to-treat migraineurs and uniformly use the appropriate nomenclature for such patients. 

 

Conclusions 

Our study confirms the effectiveness, safety and tolerability of erenumab in a large, multicentric 

population of highly resistant chronic migraine with MOH. Clinical responses to erenumab in such 

populations suggest that temporary-related definitions such as refractory migraine should not weigh 

on the already substantial burden that migraine patients bear. On the other hand, it warrants clinical 

and pre-clinical research on migraine pathophysiology, especially its chronification and 

refractoriness to treatments, as well as on the pharmacodynamics of monoclonal antibodies. Such 

knowledge would allow a more personal management of migraine and would finally avoid the long 

search for effective preventive treatments. 

 

Acknowledgments: We would like to thank Cecilia Baroncini who edited the English text. 
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Table 1: Demographic and baseline disease characteristics  

 Total patients ≥ 50% Responders Univariate Multivariate 

 (N=149) Yes (N=76) No (N=73) OR (95% CI) P value OR (95% CI) P value 

Epidemiological characteristics        

Female (%) 116 (78%) 56 (74%) 60 (82%) 0.66 (0.3-1.45) 0.3010   

Age, years (mean -SD) 51.6 ± 9.2 51.9 ± 9.8 51.3 ± 8.8 0.88 (0.68-1.09) 0.7166   

Psychiatric comorbidity        

History of depressive disorders (%) 34 (23%) 14 (18%) 20 (27%) 0.79 (0.27-1.31) 0.1933   

Migraine assessment        

Migraine duration, years  35.6 ± 11.5 36.3 ± 11.6 35.0 ± 11.6 1.01 (0.98-1.04) 0.58   

Chronic Migraine duration, years  15.4 ± 10.0 15.0 ± 9.0 16.0 ± 11.2 0.99 (0.96-1.03) 0.57   

MOH duration, months  89.1 ± 109.2 70.1 ± 106.8 108.2 ± 115.0 1.00 (0.99-1.00) 0.025 0.99 (0.99-1.00) 0.037 

No. of previous pharmacological treatments 

failed 

7.2 ± 2.4 7.1 ± 2.5 7.2 ± 2.4 0.96 (0.84-1.10) 0.53   

No. of previous non-pharmacological 

treatments failed  

2.0 ± 2.2 1.8 ± 2.2 2.2 ± 2.1 0.91 (0.78-1.06) 0.21   

Monthly headache days 25.4 ± 5.3 25.3 ± 5.3 25.8 ± 5.3 0.98 (0.92-1.04) 0.45   

Monthly pain medication intake  

Allodynia  

46.1 ± 35.3 

87 (58%) 

44.3 ± 38.1 

38 (52%) 

49.7 ± 33.1 

49 (70%) 

1.00 (0.99-1.00) 

0.50 (0.25-0.95) 

0.31 

0.035 

 

0.47 (0.24-0.94) 

 

0.034 

Triptans responders  92/149 (62%) 46/76 (60%) 46/73 (63%) 0.90 (0.46-1.74) 0.75   

HIT-6 score 66.2 ± 6.3 66.1 ± 5.4 66.3 ± 7.1 0.99 (0.94-1.05) 0.76   

Headache intensity (NRS) 7.9 ± 1.7 8.2 ± 1.6 7.7 ± 1.7 1.19 (0.98-1.47) 0.10   

Concurrent headache preventive treatment 89 (59%) 45 (59%) 44 (60%) 0.85 (0.44-1.65) 0.63   

BoNTA non-responders  91 (61%) 40 (53%) 51 (70%) 0.48 (0.24-0.94) 0.03 0.54 (0.27-1.07) 0.080 

             Baseline epidemiologic and anamnestic characteristics of the overall study cohort and further subdivided by responders and non-responders. Logistic regression analysis 

of baseline epidemiological and anamnestic characteristic as predictive factors of responder status is shown.  

Abbreviations: MOH; Medication overuse Headache; HIT-6: headache impact test-6; NRS: numeric rating scale; BoNTA: OnabotulinumtoxinA 
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Table 2: List of side effects reported during study period. 

Event Number of patients (%) 

Constipation 29 (19%) 

Stomach ache/nausea 5 (3%) 

Flu-like symptoms 4 (3%) 

Injection-site  reaction 3 (2%) 

Pruritus 3 (2%) 

Dysgeusia 1 (1%) 

Skin rash 1 (1%) 

Hair loss 1 (1%) 

Chest constriction 1 (1%) 

Low libido 1 (1%) 

Total 47  (32%) 
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Figure 1: Previous migraine pharmacological treatments failed  

 

Figure 2: Reduction from baseline in MHDs over time 

Subdivision of responder rate per month based on percentage of MHDs reduction compared to 

baseline. Abbreviations: MHDs: monthly headache days. 

 

Figure 3: Proportion of patients achieving ≥50% responder status and changing status to 

episodic migraine with no medication overuse.  

The number and percentage of patients achieving ≥50% responder status, defined as reduction 

≥50% of monthly headache days compared to baseline, are shown on the left. The number and 

percentage of patients who changed status to episodic migraine with no medication overuse, defined 

according to ICHD-3, are shown on the right. Abbreviations: EM: episodic migraine. 

 

Figure 4: Reduction from baseline in MHDs, MPMI and HIT-6 over time.  

Evaluation of monthly headache days, monthly pain medication intake and HIT-6 subdivided per 

month after erenumab treatment. Abbreviations: MHDs: monthly headache days. MPMI: monthly 

pain medications intake. HIT-6: Headache Impact Test. 


