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Abstract

Background and purpose: Chronic migraine is a highly disabling primary headache dis-
order that is the most common diagnosis of patients seen at tertiary headache centres.
Typical oral preventive therapies are associated with many limitations that impact their
therapeutic utility. Erenumab was the first available calcitonin gene-related peptide mon-
oclonal antibody in the UK. It had proven efficacy in migraine prevention in clinical trials
and limited real-world data in tertiary settings.

Methods: We audited our first 92 patients (n = 73 females) with severely disabling chronic
migraine who were given monthly erenumab 70 mg sc for 6 months between December
2018 and December 2019.

Results: At 3 months, monthly migraine days were significantly reduced by a median of
4 days, and all other variables also showed significant improvement. The improvement
was not affected by baseline analgesic use status. More than half of our patients experi-
enced a clinically meaningful improvement in migraine days. No serious adverse events
were reported.

Conclusions: Our real-world data with erenumab demonstrate it is effective and well

tolerated in managing patients with chronic migraine in a tertiary care setting.
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Chronic migraine is an underdiagnosed condition, with only ap-
proximately 20% of patients having received a correct diagnosis. Of

Chronic migraine (CM) is defined as 15 days or more of headache
per month for 3 months, including at least 8 days of migraine per
month [1]. CM affects between 0.9% and 2.2% of the population [2].
Those affected score worse on both validated disability measures
and quality of life assessment tools, and are subject to significant so-
cioeconomic impact due to inability to attend social functions, work
absenteeism, and substantial use of health care resources [3].

those diagnosed, a significant proportion did not get appropriate
migraine preventive treatment [4]. In those who are being treated,
common challenges associated with oral therapy include poor tol-
erance, low efficacy rates among patients, and low therapeutic ad-
herence to preventive medication [5]. These factors combined lead
to failure of therapy in CM [6,7]. Before the calcitonin gene-related
peptide (CGRP) monoclonal antibodies (mABs) only topiramate [8]
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and onabotulinumtoxinA [9] had specific clinical trial data, and can-
desartan had limited data [10].

The identification of the role of CGRP in migraine [11,12] and
its subsequent targeting for new therapies [13] have led to the de-
velopment of treatments directed at the CGRP pathway. This has
included small molecule CGRP receptor antagonists, gepants [14],
and mABs [15]. Erenumab is a CGRP mAB targeting the canonical
CGRP receptor with proven efficacy in migraine prevention through
randomized placebo-controlled trials (RCTs) [16-19], including data
in patients with episodic migraine who have failed two to four pre-
vious preventives [18]. At the time of launch in the UK in September
2018, it had not been tested in CM patients who had failed more

than two preventives [19].

METHODS

We audited the response of patients with CM treated with ere-
numab in a free-of-charge (FoC) access scheme at our tertiary head-
ache centre at King's College Hospital from December 2018 until
December 2019. The scheme was to run until the National Institute

for Health and Care Excellence released its appraisal.

Patients

Patients were eligible to take part in the FoC scheme if they were
>18 years old (there was no upper limit for age), had CM according
to the International Classification for Headache Disorders-third
edition (ICHD-3) [1], and had failed to respond to at least three
preventive therapies. Patients with medication overuse were not

excluded.

Dosing

Patients were offered monthly (every 4 weeks) erenumab 70 mg
sc injection for 3 months (12 weeks). If their monthly migraine
days (MMD) did not improve by 50%, they were offered erenumab
140 mg sc monthly for a further 3 months. Collected data were re-
viewed for monthly headache days (MHD), MMD, rescue medication
use days (RxD), Headache Impact Test-6 (HIT-6), Migraine Disability

Assessment Scale, and adverse events (AEs).

Outcomes

We defined a responder in the FoC scheme as a CM patient whose
MMD improved by at least 50% at Month 3 after treatment initia-
tion compared to baseline MMD. MMD assessments were based on
monthly diary data that we routinely use for clinical care. Patients

who did not achieve at least a 50% migraine day reduction after

3 months of monthly 140-mg injections were considered nonre-
sponders, and treatment was stopped. Other criteria for stopping
treatment were intolerable AEs, pregnancy, patient’s choice, and
noncompliance with clinical advice.

Eligible patients had the abovementioned details along with po-
tential AEs explained before taking part in the scheme, and a con-
sent form was signed for the treatment. The primary outcome was
a comparison of MMD at the end of the month following the third
injection (Weeks 8 to 12) to that of baseline (Weeks -4 to 0). We cal-
culated the proportion of participants who had their MMD reduced
by 50% and 30% over the same duration.

We compared change in MMD between participants with medi-
cation overuse and those without.

Statistical analysis

Monthly headache days, MMD, and RxD were treated as discrete
variables (natural numbers), whereas disability scores were treated
as ordinal scales and presence of aura was reported using a cat-
egorical binary scale. Median and interquartile range (IQR) were
used as summary measures. Differences were examined using
Mann-Whitney tests. Proportions between groups were examined
using the Xz test. Spearman rho was used to examine correlations
between baseline characteristics and outcomes. Participation in
the FoC scheme was fixed and limited to patients who were eli-
gible and during the time frame while it was active. Therefore, no
power calculation was performed prior to the inclusion of patients.
Significant was evaluated at p < 0.05, with Bonferroni adjustment
as appropriate. Data were analysed using IBM SPSS Statistics for
Mac (v27.0). Violin plots were constructed using GraphPad Prism
(v9.3.1).

RESULTS
Demographics and baseline characteristics

Ninety-two patients were started on erenumab 70 mg sc monthly
injections between December 2018 and December 2019, 73 (79%)
of them were females, and the median age of migraine onset was
11 years (IQR = 11-21). The patients had suffered with CM for a
median of 10 years (IQR = 6-17). They had used a median of eight
(IQR = 6-10) previous preventive treatments. Slightly more than half
(52%, n = 48) of our patients had CM without aura, whereas 22 (24%)
had CM with aura, 13 (14%) had new daily persistent headache, and
the type was not available in nine (10%) patients.

Half of our cohort participants (51%, n = 47) fulfilled ICHD-3 cri-
teria for medication overuse [1]. Forty-three patients (47%) had tried
and failed to respond to onabotulinumtoxinA.

Three-month and 6-month MMD data were available for 72 and
41 patients, respectively.
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Primary outcome -9 days, respectively, p < 0.001). The MMD 30% and 50% re-
sponder rates at 3 months were 53% (n = 38) and 36% (n = 26),
Baseline headache days, migraine days, analgesic use, and dis- respectively (Table 1).

ability data are presented in Table 1. As expected for a tertiary
headache centre, HIT-6 scores were >60. Median MMD were
significantly improved at 3 (Figure 1) and 6 months (-4 days and Secondary outcomes

Response at 3 months
TABLE 1 Baseline data for the audited cohort The analysis shows that MHD, monthly analgesic days (RxD), and
HIT-6 score significantly improved (Table 2 and Figures 2-4).

Outcome Patients, n Median IQR (Q1-Q3)
Of the baseline characteristics in our cohort, only the number
Headache days 72 28 26-28 of previous preventive classes was correlated (inversely) with im-
Migraine days 92 15 10-28 provement in MMD at 3 months (r, = -0.33, p = 0.004; Table 3).
Analgesic days 92 12 1-17
HIT-6 92 67 64-71
Headache Days
MIDAS 89 89 51-170
Abbreviations: HIT-6, Headache Impact Test-6; IQR, interquartile
range; Q1, first quartile; Q3, third quartile; MIDAS, Migraine Disability 30 4
Assessment Scale.
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FIGURE 1 Violin plot showing shift in distribution after
3 months of treatment with erenumab in monthly migraine days FIGURE 2 Violin plot showing shift in distribution after
(MMD) 3 months of treatment with erenumab in headache days
TABLE 2 Outcomes at 3 months, K K K K K
n=72 Baseline, median, Third month, median, Change, median,
- Outcome IQR (Q1-Q3) IQR (Q1-Q3) IQR (Q1-Q3) p?
MHD 28,26-28 28, 16-28 0,-7-0 <0.001"
MMD 15, 10-28 11, 4-25 -4,-10-0 <0.001°°
RxD 12,1-17 7,2-12 -1,-7-0 <0.001"
HIT-6 67, 64-71 64, 60-68 -3,-7-0 <0.001
MIDAS 90, 51-170 60, 23-162 -7,-52-22 0.04

Abbreviations: HIT-6, Headache Impact Test-6; IQR, interquartile range; Q1, first quartile; Q3,
third quartile; MHD, monthly headache days; MIDAS, Migraine Disability Assessment Scale; MMD,
monthly migraine days; RxD, acute treatment days.

#Wilcoxon signed-rank test.
PPrimary outcome.
*Statistically significant: p < 0.01.
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FIGURE 4 Violin plot showing shift in distribution after
3 months of treatment with erenumab in Headache Impact Test-6
(HIT-6) score

After testing assumptions for simple linear regression with
a P-P plot and scatterplot, the clinical value (r*> = 0.106) of that
relationship is minimal.

TABLE 3 Correlation of baseline characteristics of cohort with outcome at 3 months

RxD HIT-6 MIDAS

HD

Preventive classes, n

CM duration

Age

Measure

-0.08
0.51
71

0.109
0.37
71

0.123
0.30
72

-0.209
0.08
72

-0.33
0.004
72

0.166
0.4
28

-0.87
0.47
72

Spearman rho correlation co efficient

.

Significance (two-tailed)

Abbreviations: CM, chronic migraine; HIT-6, Headache Impact Test-6; MHD, monthly headache days; MIDAS, Migraine Disability Assessment Scale; RxD, acute treatment days.

*Correlation is significant at the 0.05 level.
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Response at 6 months
Data were available on 42 patients at 6 months; 50% (n = 21) of that
cohort had their monthly erenumab escalated to 140 mg, as they did
not fulfil our criteria for initial response.

The improvement in headache variables was still sustained at
6 months, and the change in disability measures was equally signif-
icant (Table 4).

TABLE 4 Outcomes at 6 months, n =42

Baseline, Sixth month, Change,

median,IQR  median, IQR median,
Outcome (Q1-Q3) (Q1-Q3) IQR p
MHD 28, 26-28 20, 11-28 -5,11- <0.001"?
MMD 15, 10-28 5,2-12 -10,7.1 <0.001
RxD 12, 1-17 6,2-8 -5,6.5 <0.001"?
HIT-6 67,64-71 63, 58-68 -5,75 0.002"?
MIDAS 90, 51-170 53, 9-106 -39,72.7 0.004?

Abbreviations: HIT-6, Headache Impact Test-6; IQR, interquartile range;
Q1, first quartile; Q3, third quartile; MHD, monthly headache days;
MIDAS, Migraine Disability Assessment Scale; MMD, monthly migraine
days; RxD, acute treatment days.

3Statistically significant: p < 0.01.

*Wilcoxon signed-rank test.

TABLE 5 Comparison of medication overuse and nonoveruse groups

Effect of medication overuse on responses at
3 months

We compared 10 baseline characteristics between the medication
overuse group and the nonoveruse group. After correction for mul-
tiple comparisons, apart from RxD, the only difference was that
the medication overuse group had CM for a longer period of time
(Table 5).

Three-month response data were available for 72 patients, of
whom 37 (51%) patients fulfilled criteria for medication overuse.
There was no significant difference in the primary audit outcome,
MMD change and 30% responder rate, or any of the secondary out-

comes between the groups at 3 months (Table 5; Figure 5).

Adverse events

Thirty-eight (41%) patients reported AEs (Table 6). No new AEs were
reported in our audit compared to what had been previously de-
scribed in clinical trials and real-life data. The most common side ef-
fect reported was constipation, affecting half of those who reported
AEs. Of those who reported constipation, 21% had already reported
constipation prior to erenumab treatment. In total, seven (8%) pa-
tients stopped their treatment due to lack of efficacy; of them, four

Medication overuse group, n = 47,

Nonoveruse group, n = 45,

Characteristic/outcome median, IQR (Q1-Q3) median, IQR (Q1-Q3) p

Baseline characteristics
Sex, F:M 387 35:12 0.242
Age 47,38 to 59 40, 29 to 52 0.007°
Migraine onset 13,10to 18 14,10to 21 0.75°
Duration of CM 15,9 t0 20 6,5t0 10 0.004"
Previous preventives 8,7 to 10 8,5to0 10 0.55°
Baseline MHD 28,22 to 28 28, 28 to 28 0.11°
Baseline MMD 14,10 to 23 17,10 to 28 0.35°
Baseline RxD 17,15-28 2,0-7 <0.001"
Baseline HIT-6 67, 65-70 67, 64-72 0.9°
Baseline MIDAS 90, 50-150 99, 52-196 0.42°

Outcome at 3 months n=237 n=235
MMD change -6,-9--1 -1,-10-0 0.2°
30% MMD; n (%) 23(62) 15 (42) 0.12
MHD change 0,0-0 -1,9-0 0.2°
HIT-6 change -2,-5-1 -5,-9-0 0.14°
MIDAS change -18 -15 0.71°

Abbreviations: CM, chronic migraine; F, female; HIT-6, Headache Impact Test-6; IQR, interquartile range; M, male; MHD, monthly headache days;
MIDAS, Migraine Disability Assessment Scale; MMD, monthly migraine days; RxD, acute treatment days.

3pearson y? test.
bMann—Whitney test.
*p < 0.005 (corrected).
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by the efficacy benefits. These data are well reflected in a recent di-
rect head-to-head comparison with topiramate, where both dropout
rates with side effects and efficacy favoured erenumab [20]. Our
clinical experience is this efficacy and side effect advantage is likely
a class effect of preventives targeting the CGRP pathway.

Since its launch in 2018, there have been a number of articles
discussing postmarketing clinical experience with erenumab in CM,
with MHD or MMD being the main focus of the reports. Similar to
previously published RCTs [19,21] and real-life data with erenumab
in CM (Table 7), our data confirm the medication is effective in re-
ducing CM burden, as proven by significant improvement in all vari-
ables used to account for disability and severity of the condition at
3 months. Importantly, the improvement at 6 months in disability
measures was still significant despite the small sample size. Although
MMD at baseline in our group are comparable to that of published
work, half of our cohort complained of constant daily headache, yet
the medication overuse rate was similar. This likely reflects cultural
aspects of treatment.

At 3 months, the most pronounced change was in median MMD
reduction, which became clearer at 6 months. Broadly, the data
imply that a longer duration of exposure to CGRP pathway blockade
may be clinically useful. More than half of our patients sustained a
clinically meaningful improvement in migraine days at 3 months. The
only baseline characteristics we could associate with improvement
was the number of previous preventive classes, which was inversely
related. However, this accounted for a small amount of variance, ap-
proximately 11%, suggesting there is little reason to preclude even
the most apparently refractory patients from CGRP pathway mABs.
Medication overuse of analgesics, as seen previously [22,23], does
not seem to have any impact in response at 3 months.

Of AEs, constipation was prominent. Importantly, we probed for
bowel habits at baseline and reviewed the same question after treat-
ment. In general, the prevalence of constipation in real-life data is sig-
nificantly higher than that published in controlled trials. Differences
in constipation rate may, in part, be accounted for by baseline dif-
ferences in dietary habits, with Italian studies [24] reporting a rate
almost half that in Northern Europe and North America [25,26]. This
still does not explain fully the difference between the rate in our audit
and that reported elsewhere in the UK [23]. Our patients were coun-
selled about risk of constipation during consent, then incidence of
that AE was specifically checked for at each follow-up visit. Perhaps
probing for side effects resulted in a measurable difference here.

LIMITATIONS

our prospective analysis summarizes findings of an open-label audit;
hence, nonblinding, lack of placebo or active comparator, expecta-
tion bias, and sample size would, certainly, have had an impact on our
results. Our effect size is very difficult to account for. An underlying
theme is the relative benefit patients ascribe to efficacy in a context
of modest and tolerable side effects. Considering ongoing real-world
experience is essential to optimize the use of these new medicines.

In conclusion, our real-world data confirm the efficacy of ere-
numab in managing patients with CM in whom a range of previous
medicines had not been useful. The new data complement previously
published reports, supporting the utility of CGRP pathway mABs in
preventive treatment of CM. Although several side effects were re-
corded in our study, there were no serious side effects, an indication

of a good level of tolerability of erenumab.
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