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Abstract

Objective: To assess the efficacy of erenumab across the spectrum of response thresholds (�50%, �75%, 100%) based

on monthly migraine days (MMD) reduction in patients with chronic migraine from a 12-week, randomized study

(NCT02066415).

Methods: Patients (n¼ 667) received (3:2:2) placebo or erenumab 70/140 mg once-monthly. The proportion of patients

achieving a given response threshold was assessed. A post-hoc analysis was conducted to contextualize the actual treat-

ment benefit in subgroups of patients achieving (or not) specified response thresholds. Outcome measures included

MMD, acute migraine-specific medication treatment days (MSMD) and disability.

Results: The proportion of patients responding to erenumab exceeded that of placebo at the �50% and �75% response

thresholds. At month 3, 39.9% and 41.2% of patients on erenumab 70 and 140 mg, respectively, achieved �50% response

versus placebo (23.5%). Similarly, at month 3, 17.0% and 20.9% of patients on erenumab 70 and 140 mg, respectively,

achieved �75% response versus placebo (7.8%). Compared with the overall erenumab-treated population (change in

MMD: �6.6 [both 70 and 140 mg]), �50% responders showed MMD reductions of �12.2/�12.5 for 70 mg/140 mg versus

�2.6/�2.2 for those not achieving �50% response. �75% responders showed MMD reductions of �13.9/�14.8 for

70 mg/140 mg versus �5.0/�4.3 for those not achieving �75% response. Relative improvements in MSMD and disability

were observed in responders versus overall erenumab-treated population.

Conclusion: For erenumab-treated patients achieving �50% response, the actual reduction in MMD was almost twice

that of the overall population. These findings provide context for setting realistic expectations regarding actual treatment

benefit experienced by patients responding to treatment.
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Introduction

Chronic migraine (CM) affects approximately 1–2% of
the global population (1). According to the
International Classification of Headache Disorders
(ICHD-III) criteria, CM is defined as headache occur-
ring on 15 or more days per month for more than 3
months, which has the features of migraine headache
on at least 8 days per month (2). The high frequency of
migraine and non-migraine headache days has a sub-
stantial impact on the socioeconomic status of patients,
their role functioning and on their quality of life (QoL)
(3). Patients with CM have more healthcare provider
and emergency visits than those with episodic migraine
(4). Due to the high frequency of headaches and severe
impact on QoL, patients with CM are generally pre-
scribed preventive medications. However, there is a
considerable inter-patient variability in the tolerability
and efficacy of the available preventive treatment
options (5,6).

Currently available oral migraine preventive medica-
tions are associated with low adherence rates due to
lack of efficacy and/or poor tolerability (6–8). In a
retrospective claims analysis of 8707 patients in the
USA, poor persistence (25%) was observed after the
first 6 months of treatment, and it further declined to
14% by 12 months (9). In clinical practice, patients who
tolerate and achieve a clinically meaningful response to
treatment are likely to continue treatment, whereas
those not achieving an adequate response or who
experience adverse events are likely to discontinue
treatment. Therefore, it is clinically relevant to under-
stand the actual degree of benefit in patients achieving
certain thresholds of response because those achieving
benefit are more likely to remain on treatment.

Erenumab is a fully human monoclonal antibody
that selectively targets and blocks the canonical calci-
tonin gene-related peptide receptor (10). It is approved
as a preventive treatment for adults with migraine in
the US and the EU (11,12). Patients with CM treated
with erenumab (70 and 140mg) demonstrated signifi-
cant reductions in the primary endpoint of monthly
migraine days (MMD) in a 12-week, pivotal, placebo-
controlled study (NCT02066415) (baseline: 18.0 days;
reduction of 6.6 days for both 70 and 140mg versus 4.2
days for placebo, [both p< 0.001]). Compared with pla-
cebo, a greater proportion of patients treated with ere-
numab 70 and 140mg achieved �50% reduction in
MMD from baseline (secondary endpoint) (13), which
is considered a clinically meaningful response (14,15).

Here, we report response rates at the �50%, �75%
and 100% thresholds (as defined by relative reduction
from baseline in MMD) as well as nonresponse (�0%)
from this study (13) and contextualize the actual benefit
achieved in the subgroups of patients responding at the
above thresholds.

Methods

Patient eligibility criteria

Patient eligibility criteria have been described previ-
ously (13). Briefly, men and women aged 18–65 years
with a history of CM (�15 headache days per month, of
which �8 were migraine days; with or without aura)
were included in the study. Patients with overuse of
triptans, ergot derivatives, simple analgesics, and com-
binations of drugs (any combination of those above,
combination analgesics, or opiates) were permitted to
participate in the study (13).

Patients aged �50 years at migraine onset and a his-
tory of cluster headache or hemiplegic migraine, or CM
with continuous pain (i.e. no pain-free periods of any
duration during the 1 month before screening) were
excluded. Patients with no therapeutic response to
more than three categories of preventive treatment
were also excluded.

Study design

This was an exploratory analysis of data from a multi-
center, randomized, double-blind placebo-controlled
study (NCT02066415) of patients with CM conducted
in 69 headache and clinical research centres in North
America (Canada and the USA) and Europe (Czech
Republic, Denmark, Finland, Germany, Norway,
Poland, Sweden, and the UK). The study comprised
an initial screening phase (up to 3 weeks), baseline
(4 weeks), a double-blind treatment phase (DBTP;
12 weeks), and a safety follow-up phase (12 weeks)
(13). Eligible patients were randomly assigned (3:2:2)
to receive placebo, erenumab 70mg, and erenumab
140mg, once every 4 weeks for the 12-week DBTP (13).

An independent ethics committee or relevant institu-
tional review board for each study center approved the
final study protocol. The study was conducted in
accordance with International Conference on
Harmonization Good Clinical Practice regulations/
guidelines, and in accordance with the ethical principles
set forth in the Declaration of Helsinki. All centers
complied with local regulations. All patients provided
written informed consent before study initiation.
Summaries of data by unmasked treatment assignment
were prepared by an independent biostatistician group
and reviewed by an independent data monitoring
committee.

Endpoints and assessments

Results for the primary endpoint, change from baseline
in MMD to the last 4 weeks (month 3) of the 12-week
DBTP, have been reported previously (13). The respon-
der rates were derived from percentage change from
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baseline in MMD at each time point; that is, to month
1, month 2 or month 3 (primary time point).

Waterfall plot analysis of change in MMD from

baseline. Waterfall plots were generated to show the
change in MMD from baseline to Month 3 for individ-
ual patients in each treatment group (bars above base-
line indicate worsening and bars below baseline indicate
reduction in MMD [improvement]).

Responder rate analyses. The responder rate analyses
included achievement of�50% (pre-specified secondary
endpoint), �75% (post hoc analysis), and 100% (post
hoc analysis) reduction in MMD from baseline to
Month 3. In addition, the percentage of patients with
no response to treatment, defined as no change or wor-
sening of MMD, was assessed (post hoc analysis).

Efficacy and patient-reported outcomes in subgroups based on

various thresholds of MMD response. A post hoc analysis
was also conducted to contextualize the actual treat-
ment benefit among patients achieving or not achieving
response at the �50%, �75%, and 100% thresholds.
Outcome measures assessed were change from baseline
to month 3 in MMD, migraine-specific medication
treatment days (MSMD), the Headache Impact Test
(HIT-6) scores, and Migraine Disability Assessment
(MIDAS) total scores.

Statistical analysis. The proportions of patients with
�50%, �75%, and 100% reduction in MMD were cal-
culated from baseline to month 3. Odds ratios (ORs) and
associated p-values for each erenumab dose versus pla-
cebo were obtained from the Cochran-Mantel-Haenszel
test using data including placebo and the corresponding
erenumab dose group alone. Missing data was imputed
using non-responder imputation (NRI). The efficacy ana-
lyses set included patients who received either placebo,
erenumab 70mg, or 140mg and had at least one post-
baseline monthly eDiary measurement. For �50% reduc-
tion from baseline in MMD, statistical significance was
determined based on a pre-specified hierarchical gate-
keeping procedure adjusted for multiplicity. Statistical
significance for post hoc endpoints of �75% and 100%
reduction in MMD were determined by comparing nom-
inal p-values with a significance level of 0.05. Analysis of
efficacy in responder subgroups at the�50%,�75%, and
100% thresholds was based on descriptive statistics alone.

Results

Patient disposition and baseline characteristics

Patient disposition and baseline characteristics have
been reported previously (13). In summary, a total of

667 patients were randomized. The mean age of the
patients was 42.1, 41.4, and 42.9 years in the placebo,
erenumab 70mg, and 140mg treatment groups,
respectively. The majority of patients were women (pla-
cebo: 79.0%, erenumab 70mg: 86.9% and erenumab
140mg: 84.2%). The mean (standard deviation [SD])
MMD at baseline was 18.2 (4.7), 17.9 (4.4), and 17.8
(4.7) days in the placebo, erenumab 70mg, and 140mg
groups, respectively. The mean (SD) monthly acute
migraine-specific medication use at baseline was 9.5
(7.6), 8.8 (7.2), and 9.7 (7.0) days in the placebo, ere-
numab 70mg, and 140mg groups, respectively. The
proportion of patients who failed �1 prior preventive
treatment due to lack of efficacy or poor tolerability
were 69.9%, 66.5%, and 66.3% in the placebo, erenu-
mab 70mg, and 140mg groups, respectively.

Waterfall plot analysis of change in MMD from baseline. In
the overall DBTP population, a higher number of patients
showed reduction in MMD from baseline in the erenu-
mab 70 and 140mg groups versus placebo (patients show-
ing reduction in MMD: placebo, n¼ 191; erenumab
70mg, n¼ 149; erenumab 140mg, n¼ 144; patients with
no change or worsening: placebo, 66; erenumab 70mg,
n¼ 26; erenumab 140mg, n¼ 35; Figure 1).

Spectrum of response. As presented in Figure 2, regard-
less of threshold used for the responder definition, a
higher percentage of erenumab-treated patients
achieved responses compared with patients receiving
placebo. The proportion of patients achieving �50%,
�75%, and 100% response is presented in Figure 2.
Overall, 28.1%, 16.3%, and 20.9% of patients demon-
strated no change or worsening in the placebo, erenu-
mab 70mg, and 140mg groups, respectively.

�50% responder rate. At month 3, 39.9% (n¼ 75/188)
and 41.2% (n¼ 77/187) of patients treated with erenu-
mab 70mg and 140mg, respectively, achieved �50%
reduction from baseline in MMD compared with
23.5% (n¼ 66/281) treated with placebo. The odds of
achieving �50% reduction in MMD from baseline to
month 3 were significantly greater in patients treated
with erenumab compared with placebo (erenumab
70mg: OR 2.2, 95% confidence interval [CI]: 1.5–3.3,
p< 0.001; erenumab 140mg: OR 2.3, 95% CI: 1.6–3.5,
p< 0.001; Figure 3) and this effect was observed from
month 1 (week 4) onwards. The proportion of patients
who achieved �50% response in one or more of the 3
monthly treatment periods in the placebo, erenumab
70mg, and 140mg groups were 30.6%, 57.4%, and
54.0%, respectively.

�75% responder rate. At month 3, 17.0% (n¼ 32/188)
and 20.9% (n¼ 39/187) of patients treated with
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erenumab 70mg and 140mg, respectively, achieved
�75% reduction from baseline in MMD compared
with 7.8% (n¼ 22/281) of patients treated with placebo.
The odds of achieving �75% reduction in MMD from
baseline to month 3 were significantly greater with ere-
numab 70 and 140mg compared with placebo (ere-
numab 70mg: OR 2.4, 95% CI: 1.4–4.3, p¼ 0.002;
erenumab 140mg: OR 3.1, 95% CI: 1.8–5.5,
p< 0.001; Figure 4). The proportion of patients who
achieved �75% response in one or more of the 3
monthly treatment periods in the placebo, erenumab
70mg, and 140mg groups were 12.8%, 25.0%, and
27.3%, respectively.

100% responder rate. Achievement of 100% reduction
from baseline in MMD is a high bar for a CM popula-
tion. The proportion of patients who achieved a 100%
response at month 3 in the placebo, erenumab 70mg,
and 140mg groups were 0.4% (n¼ 1/281), 4.3%
(n¼ 8/188), and 2.7% (n¼ 5/187), respectively.

Efficacy and patient-reported outcomes in subgroups based on

response at various thresholds. Among the �50% respon-
ders, the baseline MMD was 17.1 and 17.0 for erenu-
mab 70mg and erenumab 140mg, respectively
(compared with 18.0 and 17.8 for the overall erenumab
70mg and erenumab 140mg groups, respectively;
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Figure 1. Waterfall plot of change in MMD from baseline versus baseline MMD (efficacy analysis set), (a) placebo (b) erenumab

70 mg (c) erenumab 140 mg.

Bars above baseline indicate worsening and bars below baseline indicate reduction in MMD [improvement]).

MMD: monthly migraine days.
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Table 1). For the subgroup of patients with response at
a �50% threshold, mean reductions from baseline of
�12.2 (70mg) and �12.5 (140mg) MMD were achieved
(Figure 5).

Greater reductions in MSMD, HIT-6, and MIDAS
total scores were observed for both doses of erenumab

in the responder subgroups compared with the overall
erenumab-treated population (Figures 6–8). For the
subgroup of patients with a response at the �75%
and 100% thresholds an even greater reduction in
MMD was observed than in the overall erenumab-trea-
ted population (Figure 5). The change in MSMD was
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lower in a relatively small 100% response subgroup
compared to patients who did not achieve 100%
response (Figure 6), likely attributable to lower
MMD and MSMD at baseline (Table 1). For the sub-
groups of patients who did not achieve a response at
the �50%, �75%, or 100% thresholds, reductions in
MMD were not greater than the overall erenumab-trea-
ted population.

Discussion

In this post hoc analysis, erenumab showed greater effi-
cacy in the response (�50%, �75%, and 100% reduc-
tion from baseline in MMD) subgroups than in the
overall-treated population. Both the spectrum of
response across all patients and the overall greater
reduction in MMD among patients treated with erenu-
mab versus placebo are evident from the waterfall
plots. The odds of achieving a response at any thresh-
old was greater in patients treated with erenumab than
placebo, and the odds increased for higher thresholds
of response. These data complement the results of the
primary endpoint, change in MMD at month 3, and
underscore the greater magnitude of efficacy realized
by patients who achieve 50% or greater response.
Although these analyses focus on efficacy at month 3,
significantly greater odds of achieving �50% and
�75% reduction in MMD with both erenumab doses

compared with placebo were evident from month 1
(week 4) onwards. Not all patients in the study experi-
enced MMD reduction, and in fact� 20% of patients
across treatment groups did not demonstrate any
improvement (change in MMD from baseline �0), a
result that is consistent with other placebo-controlled
migraine prevention trials. A challenge for future
research is to identify predictors of response/nonre-
sponse to a given preventive treatment.

In clinical trials, treatment effect is assessed by mea-
suring differences in the overall study population based
on treatment received. However, response to treatment
varies, and not all patients experience the same level of
benefit. Hence, an exploratory analysis to better under-
stand the spectrum of treatment benefit among patients,
assessing efficacy of erenumab based on different thresh-
olds of response was performed. In this analysis, across
all outcome measures at the �50% threshold, the mag-
nitude of change was substantially better in responders
than in the overall erenumab-treated population and in
patients who did not achieve a �50% response. This
highlights the rather wide spectrum of response to treat-
ment and emphasises that mean results for an overall
study population will underestimate the actual benefit
achieved in the subgroup of patients who are deemed
responders (e.g. using 50% as a commonly applied
response threshold). Similarly, at the �75% and 100%
thresholds, a greater effect was observed at both doses
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p-values for pairwise comparisons are nominal p-values obtained from the CMH test using data including placebo and the corres-

ponding erenumab dose group only.

CI: confidence interval; MMD: monthly migraine days; N: total number of patients.
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Table 1. Baseline characteristics of response subgroups.

Threshold of response

Erenumab 70 mg Erenumab 140 mg

Response at given threshold

Overall population

Response at given threshold

Overall populationYes* No* Yes* No*

�50%

N 75 103 178 77 105 182

MMD 17.1 (3.4) 18.6 (4.7) 18.0 (4.3) 17.0 (4.9) 18.4 (4.5) 17.8 (4.7)

MSMD 7.5 (7.3) 9.9 (7.1) 8.9 (7.2) 9.3 (6.7) 10.3 (7.2) 9.9 (7.0)

HIT-6 score 63.4 (5.2) 63.4 (4.7) 63.4 (4.9) 62.8 (6.1) 62.4 (5.3) 62.6 (5.6)

MIDAS total score 58.7 (46.1) 67.8 (40.5) 64.0 (43.0) 54.3 (47.9) 65.4 (54.5) 60.7 (52.0)

�75%

N 32 146 178 39 143 182

MMD 15.8 (3.5) 18.4 (4.3) 18.0 (4.3) 17.3 (5.2) 17.9 (4.6) 17.8 (4.7)

MSMD 5.0 (6.3) 9.8 (7.2) 8.9 (7.2) 9.8 (6.9) 9.9 (7.0) 9.9 (7.0)

HIT-6 score 62.4 (5.7) 63.6 (4.7) 63.4 (4.9) 63.0 (6.7) 62.5 (5.3) 62.6 (5.6)

MIDAS total score 53.5 (39.2) 66.3 (43.6) 64.0 (43.0) 48.5 (47.0) 63.9 (52.9) 60.7 (52.0)

100%

N 8 170 178 5 177 182

MMD 14.5 (3.0) 18.1 (4.3) 18.0 (4.3) 14.9 (2.2) 17.9 (4.7) 17.8 (4.7)

MSMD 2.5 (3.6) 9.2 (7.2) 8.9 (7.2) 4.7 (4.5) 10.0 (7.0) 9.9 (7.0)

HIT-6 score 62.4 (8.8) 63.4 (4.7) 63.4 (4.9) 64.8 (4.6) 62.5 (5.7) 62.6 (5.6)

MIDAS total score 68.3 (44.5) 63.8 (43.1) 64.0 (43.0) 48.0 (14.2) 61.1 (52.6) 60.7 (52.0)

Data are mean (SD) unless indicated; please refer to Tepper et al. 2017 (13) for complete demographics and baseline characteristics of the double-blind

treatment phase.

*Yes or No indicates response/no response at given threshold. Overall population represents all erenumab-treated population at respective doses.

HIT-6: Headache Impact Test (higher score indicates worse outcomes); MIDAS: Migraine Disability Assessment (higher score indicates worse out-

comes); MMD: monthly migraine days; MSMD: migraine-specific medication treatment days; N: total number of patients; SD: standard deviation.
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across all outcome measures in responders compared
with the overall erenumab-treated population. In an
additional analysis performed in subgroups of CM
patients with prior prophylactic treatment failure (0,
�1, �2 and �3) and medication overuse, erenumab
70mg and 140mg demonstrated greater efficacy than
placebo (16,17). These results support that patients
who respond to erenumab treatment based on the trad-
itional MMD-related responder definition can show

substantial treatment benefits on other clinical and func-
tional outcomes. In clinical practice, patients achieving a
sufficient response to treatment are more likely to con-
tinue the treatment. Hence, these findings are important
from a clinical practice perspective as they describe the
actual benefits among patients classified as responding to
erenumab treatment.

A slight imbalance in baseline characteristics was
observed, with lower baseline MMD and MSMD in
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Figure 7. Mean change in HIT-6 from baseline to month 3.

Overall population represents all erenumab-treated population at respective doses.

HIT-6: Headache Impact Test, n: number of patients.
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Figure 6. Mean change in MSMD from baseline to month 3.

Overall population represents all erenumab-treated population at respective doses.

MSMD: migraine-specific medication treatment days; n: number of patients.
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patients achieving a response versus those not achieving
a response at a given threshold. These differences may
be attributable, at least in part, to the relatively small
number of patients in the responder subgroups at the
higher thresholds, particularly at the 100% threshold.
Intuitively, achievement of a higher-level response
would appear to be more likely in patients with a
lower frequency of events, and this is indeed reflected
in the baseline MMD for responders versus those who
did not achieve response in both dose groups, with
larger differences in baseline MMD at the �75% and
100% thresholds (Table 1). Similarly, baseline MSMD
were generally lower in the responder subgroups, again
suggesting that lower migraine frequency/severity in a
CM population may be associated with a greater like-
lihood of a high-level response. Interestingly, baseline
HIT-6 scores, a measure of the impact of headache on
patients’ QoL, was comparable in the subgroups
achieving/not achieving responses at a given threshold.
Baseline MIDAS scores (a measure of headache-related
disability) were higher among patients not achieving a
response (more clearly seen at the �50% and �75%
thresholds), suggesting that patients who were most
disabled by their migraines, which may be linked to
greater frequency of events, may be less likely to
achieve a high level of response.

Achievement of �50% response is a generally
accepted threshold in clinical trials and in clinical prac-
tice (14,15). The threshold of response that is deemed
clinically meaningful, in terms of relative reduction in
migraine days, is likely to be dependent on individual
patient characteristics, such as baseline frequency, and
likewise a clinically meaningful treatment effect may also

depend on other outcomes, such as improvement in pain
severity and reduced impact of migraine on functioning
(14,15). Furthermore, the response thresholds used are
arbitrary and dichotomous, and patients not achieving a
given level of response may still experience a treatment
benefit. Although there is a clear spectrum of response to
treatment, currently, identification of predictors of
response represents an important scientific gap. In this
analysis, the response rate was assessed over 3 months;
future studies should investigate responses over the
longer term. This study included patients with medica-
tion overuse, history of preventive treatment failure, and
comorbidities such as anxiety and depression. However,
patients with daily headache, cluster headache, hemiple-
gic migraine and other comorbidities (e.g. fibromyalgia
and poorly controlled hypertension) were excluded from
this study and may limit the generalizability of the
results to broader populations.

In conclusion, patients treated with erenumab had
greater MMD response rates versus placebo at month
3, regardless of the threshold used to define response.
Patients achieving �50%, �75%, and 100% responses
based on change in MMD showed substantially greater
reductions not only in migraine days, but also in the use
of migraine-specific medication, headache impact, and
disability as assessed by the HIT-6 and MIDAS scores,
compared with the overall erenumab-treated popula-
tion. These findings may help to provide context for
setting realistic patient expectations regarding the spec-
trum of response that may be attained at the individual
patient level during treatment with erenumab, and for
those who respond to treatment, the greater therapeutic
gain that may be achieved.
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Figure 8. Mean change in MIDAS total score.

Overall population represents all erenumab-treated population at respective doses.

MIDAS: Migraine Disability Assessment; n: number of patients.

36 Cephalalgia 40(1)



Clinical implications

. This post-hoc analysis of a double-blind, placebo-controlled study of erenumab in patients with CM was
conducted to contextualize the actual treatment benefit in subgroups of patients achieving specific response
thresholds (�50%, �75%, and 100% reduction in MMD from baseline).

. At month 3, a greater proportion of patients achieved �50% and �75% reduction in MMD with erenumab
than with placebo.

. Compared with the overall erenumab-treated population, greater reductions in MMD and MSMD were
observed amongst �50% and �75% responders versus those who did not achieve these response thresholds.

. These findings provide context for setting realistic expectations regarding actual treatment benefit experi-
enced by patients responding to treatment.
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