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The Spectrum of  Response to Erenumab in Patients With 
Episodic Migraine and Subgroup Analysis of  Patients 

Achieving ≥50%, ≥75%, and 100% Response

Gregor Broessner, MD; Uwe Reuter, MD; Jo H. Bonner, MD; David W. Dodick, MD;  
Yngve Hallström, MD; Hernan Picard, MD; Feng Zhang, MS; Robert A. Lenz, MD, PhD;  

Jan Klatt, MD; Daniel D. Mikol, MD, PhD

Objective.—To assess the efficacy of erenumab at the ≥50%, ≥75%, and 100% reduction in monthly migraine days (MMD) 
response thresholds, using data from the 6-month double-blind treatment phase (DBTP) of the Study to Evaluate the Efficacy 
and Safety of Erenumab in Migraine Prevention (STRIVE) pivotal clinical trial.

Methods.—Enrolled patients with episodic migraine (EM; ≥4 MMD and <15 monthly headache days) were randomized 
(1:1:1) to erenumab 70  mg (n  =  312), erenumab 140  mg (n  =  318), or placebo (n  =  316) once monthly. We determined the 
proportions of patients with ≥50%, ≥75% and 100% reduction in MMD over the last 3  months of the STRIVE DBTP (months 
4 through 6) and conducted post hoc analyses to contextualize the treatment benefit in patient subgroups achieving, and not 
achieving, these response thresholds. Outcome measures included changes in MMD, acute migraine-specific medication days 
(MSMD), and patient-reported outcomes.

Results.—The proportions of patients with a reduction in MMD from baseline were greater for erenumab than for 
placebo at all response thresholds. As previously reported for the ≥50% response threshold, 135/312 (43.3%) of patients on 
erenumab 70  mg and 159/318 (50.0%) on erenumab 140  mg responded, vs 84/316 (26.6%) for placebo. At months 4 through 
6, 65/312 (20.8%) and 70/318 (22.0%) of those on erenumab 70  mg and erenumab 140  mg, respectively, achieved ≥75% 
reductions vs 25/316 (7.9%) on placebo. A reduction of 100% response, which required no migraine days over 3 consecutive 
months based on observed data, was achieved by 10/312 (3.2%) of patients treated with erenumab 70  mg and 16/318 (5.0%) 
for erenumab 140  mg, vs 9/316 (2.8%) for placebo. At all response thresholds, responders achieved numerically greater 
reductions in mean MMD and MSMD, and greater improvements in disability than did the overall population; importantly, 
these remarkable responses were noted early. Meanwhile, 60/312 (19.2%) and 53/318 (16.7%) patients on erenumab 70 and 
140  mg, respectively, had no reduction in MMD from baseline in months 4 through 6, compared with 104/316 (32.9%) 
patients on placebo.

Conclusions.—The responses at the ≥50%, ≥75%, and 100% thresholds provide context for establishing realistic patient and 
physician expectations regarding the magnitude of treatment benefit that may be achieved by patients with EM responding to 
erenumab (STRIVE, NCT02456740).
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Abbreviations:  CGRP calcitonin gene-related peptide, CI confidence interval, CM chronic migraine, CMH Cochran-
Mantel-Haenszel, DBTP double-blind treatment phase, eDiary electronic diary, EM episodic migraine, 
HIT-6 6-item Headache Impact Test, MMD monthly migraine days, mMIDAS modified Migraine Disability 
Assessment, MPFID-EA Migraine Physical Function Impact Diary-Everyday Activities, MPFID-PI 
Migraine Physical Function Impact Diary-Physical Impairment, MSMD migraine-specific medication 
days, NSAID nonsteroidal anti-inflammatory drug, OR odds ratio, PRO patient-reported outcome, Q3M 
every 3  months, SD standard deviation, STRIVE Study to Evaluate the Efficacy and Safety of  Erenumab 
in Migraine Prevention

(Headache 2020;60:2026-2040)

INTRODUCTION
Migraine is a neurological disease1,2 associated 

with a high personal and societal burden and is a 
leading cause of  life years lost due to disability.3-5 
The calcitonin gene-related peptide (CGRP) path-
way, which involves signaling through the canonical 
CGRP receptor by binding of  CGRP, plays a causal 
role in migraine.6,7 Erenumab is a fully human mono-
clonal antibody that potently and selectively targets 
the canonical CGRP receptor, preventing binding of 
CGRP.8

Clinical studies have demonstrated the efficacy 
and safety of erenumab in both episodic and chronic 
migraine.9-14 Erenumab has been approved in several 
regions, including US and EU, for the preventative 
treatment of migraine in adults.15,16

Clinical trials on migraine preventive therapy 
typically report the mean reduction in monthly mi-
graine days (MMD) as primary endpoint, whereas 
the percentage of  individuals achieving ≥50% reduc-
tion is a commonly used secondary endpoint and 
considered to be of  high clinical relevance.17 The 
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most recent guidelines now allow responder thresh-
olds (eg, ≥50%) to be used as a primary endpoint.18 
Other response thresholds (eg, ≥75% or 100% reduc-
tion in MMD) may also be used.17,18 However, all 
response thresholds are by nature arbitrary and di-
chotomous and patients may still experience benefit 
from treatment even if  they do not reach a certain 
level of  response.17,18 While efficacy results are sum-
marized for the overall study population, patients 
may respond differently or may not respond at all. 
The mean reduction in MMD as a single point esti-
mate does not capture the wide range of  efficacy that 
patients may experience, from a remarkable response, 
for example, achieving 75-100% reduction in MMD, 
to no improvement whatsoever, that is, nonresponse.

Here, we aim to contextualize the actual treat-
ment benefits of  erenumab in patients achieving  
≥50% MMD response, as well as in patients with 
a remarkable (≥75% and 100%) MMD response, 
and those who showed no change in MMD or who 
worsened (ie, those without a reduction in MMD), 
using data from the Study to Evaluate the Efficacy 
and Safety of  Erenumab in Migraine Prevention 
(STRIVE) pivotal clinical trial on episodic migraine 
(EM).10 We also used waterfall plot analyses to exam-
ine the change in MMD for each individual patient. 
In addition, we present the results of  exploratory 
analyses of  the efficacy of  erenumab in subgroups 
achieving or not achieving at least a 50%, 75%, and 
100% reduction in MMD over months 4 through 6. 
As well as response at different thresholds, we also 
assessed outcome measures including change in 
MMD, in acute migraine-specific medication days 
(MSMD), and in a number of  patient-reported out-
comes (PROs) from baseline to the last 3 months of 
the 6-month double-blind treatment phase (DBTP). 
PROs included migraine impact on patients and their 
physical function, and migraine-related disability 
(ClinicalTrials.gov: NCT02456740).

METHODS
Summary of the STRIVE Study Design.— 

Details of the study design are described in Goadsby 
et al. Enrolled patients had EM, defined as ≥4 and 
<15 migraine days per month and <15 headache days 
per month on average across the 3  months prior to 

screening and during the 4-week baseline phase.1 In 
brief, the trial consisted of a screening phase lasting 
up to 3  weeks, a 4-week baseline phase, a 24-week 
randomized, double-blind, placebo-controlled treat-
ment phase, a 28-week dose-blinded active-treatment 
phase, and a 12-week safety follow-up phase. The pres-
ent analysis includes data collected throughout the 24-
week double-blind placebo-controlled phase, during 
which patients received either erenumab 70  mg, ere-
numab 140  mg, or placebo (randomization 1:1:1) in 
monthly subcutaneous injections.

From the beginning of the baseline phase onward, 
patients recorded on a daily basis in an electronic diary 
(eDiary) information about their migraine and non- 
migraine headaches, use of migraine-specific abor-
tive therapies, and use of analgesic medications. The 
protocol was approved at each study site by an ethical 
review board, all patients gave written informed con-
sent, and the study was conducted in accordance with 
principles specified by the Declaration of Helsinki and 
International Conference on Harmonization Good 
Clinical Practice.

Responder Threshold Analyses.—The proportion of 
patients in the overall population with ≥50% reduction 
in mean MMD from baseline to months 4 through 6 
(ie, the mean over the final, consecutive 3 months of the 
DBTP) was prespecified as a secondary endpoint (pre-
viously reported by Goadsby et al). A migraine day 
was any calendar day on which the patient experienced 
a qualified migraine headache (onset, continuation, or 
recurrence of the migraine headache) and/or used acute 
migraine-specific medication as recorded in the eDi-
ary. Mean MMD were calculated as the average num-
ber of migraine days per month during the last 3 months 
(months 4, 5, and 6) of the 24-week DBTP (if at least 
1 MMD was present). We present here the results of  
2 additional responses that were prespecified as 
 exploratory endpoints: the proportions of patients in 
whom the mean MMD was decreased from baseline 
to months 4 through 6 by ≥75% and by 100%. We also 
determined the proportions of patients in the erenum-
ab and placebo groups achieving ≥50%, ≥75%, and 100% 
reduction in MMD in each of the last 3 months of the 
DBTP (ie, in month 4, in month 5 and in month 6) as a 
post hoc analysis. In addition, we present the post hoc 
analyses on the proportion of patients without reduction  



Headache 2029

in MMD, that is, no change or worsening in mean 
MMD from baseline to months 4 through 6. Post hoc 
waterfall plot analyses were used to better assess the 
baseline MMD for each individual patient in compari-
son to his/her response to erenumab or placebo (as per 
change from baseline in MMD at months 4 through 6)  
and thus, allow the full spectrum of individual responses 
to be visualized across patients.

We present the results of the following outcome 
measures as post hoc analyses in the subgroups of pa-
tients who achieved and did not achieve ≥50%, ≥75%, 
and 100% reduction in MMD: change from baseline 
in MMD during each month of the 6-month DBTP, 
change from baseline to the last 3 months (months 4 
through 6) of the DBTP in MMD, MSMD, and in a 
number of PROs (the 6-item Headache Impact Test 
[HIT-6],19 the Migraine Physical Function Impact 
Diary-Everyday Activities [MPFID-EA] and MPFID-
Physical Impairment [MPFID-PI],20 and the modified 
Migraine Disability Assessment [mMIDAS] ques-
tionnaire). The mMIDAS includes total days of lost 
productivity, absenteeism (complete disability), and 
presenteeism (reduced or impaired work) and has been 
modified for a recall period of 1 month, rather than a 
3-month recall period as in the traditional MIDAS to 
improve the accuracy of the results and reduce recall 
bias.21,22 A post hoc analysis was performed in which 
the mMIDAS was converted into a 3-monthly (Q3M) 
assessment of disability. The mMIDAS scores were 
summed for months 4, 5, and 6 by taking the average 
of these post-baseline assessments and multiplying by 
3 (if  at least 1 mMIDAS was present).

Statistical Methods.—The analysis population (effi-
cacy analysis set) comprised all patients who received 
at least 1 dose of erenumab or placebo and had at 
least 1 measurement of change from baseline in MMD 
during the DBTP. When assessing continuous effica-
cy outcomes in subgroups that achieved or did not 
achieve response at the various response thresholds, 
descriptive statistics are provided based on observed 
data without imputation. A stratified Cochran-Mantel- 
Haenszel (CMH) test was used to estimate common 
odds ratios (ORs), 95% confidence intervals (95% 
CIs) for those ORs, and P values for achieving specif-
ic MMD reduction threshold in patients treated with 
erenumab, compared with placebo. Missing daily diary  

data were handled using proration method. MMDs 
were prorated to 28-day equivalent if  number of days 
with diary compliance was ≥14  days in the monthly 
interval or set to missing otherwise. Missing monthly 
response data (due to missing MMDs) were imputed 
to represent non-response. No formal hypothesis test-
ing was conducted for the endpoints included in this 
manuscript. Descriptive P values are reported without 
multiplicity adjustment. All descriptive statistics were 
generated using SAS System 9.3 or later (Institute Inc., 
Cary, NC, USA).

RESULTS
Patient Disposition and Baseline Characteris-

tics.—Baseline characteristics and patient disposi-
tion, as well as clinical responses and safety outcomes 
for erenumab 70 mg, erenumab 140 mg, and placebo 
groups were reported in the primary publication.10 
There were 317, 319, and 319 patients randomized 
to the erenumab 70 mg, erenumab 140 mg, and placebo 
treatment groups, respectively, and 312, 318, and 316 
patients in the efficacy analysis set, respectively.

Spectrum of Response at the ≥50%, ≥75%, and 
100% Response Thresholds With Respect to MMD Re-
duction.—The proportions of patients in the overall 
population with ≥50% reduction in MMD in months 
4 through 6 and in the individual months 4, 5, or 6 
were reported previously.10 In short, the percentage of 
patients with ≥50% reduction at months 4 through 6 
was 43.3% for erenumab 70 mg and 50.0% for erenum-
ab 140 mg, vs 26.6% for placebo (ORs: 2.13 and 2.80 
for erenumab 70 and 140  mg, respectively, vs place-
bo, P <  .001 for both comparisons) (Fig. 1). Greater 
proportions of patients in the erenumab groups also 
achieved ≥50% reduction in MMD in each of the 
last 3  months of the DBTP (ie, each person must 
have achieved ≥50% reduction in MMD in each of 
months 4, 5, and 6) in comparison with placebo: 27.6% 
(86/312) for erenumab 70  mg (OR vs placebo 2.49; 
95 % CI, 1.65, 3.76; P < .001) and 28.3% (90/318) for 
erenumab 140 mg (OR vs placebo 2.64; 95% CI, 1.74, 
3.99; P < .001) vs 13.3% (42/316) in the placebo group 
(Fig. S1A).

The proportions of  patients achieving ≥75% re-
ductions in MMD in months 4 through 6 were 20.8% 
for erenumab 70 mg and 22.0% for erenumab 140 mg, 
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compared with 7.9% in the placebo group (Fig.  1). 
The odds of  having a ≥75% reduction in MMD were 
3.14 times greater for erenumab 70 mg (95% CI, 1.91, 
5.18) and 3.35 times greater for erenumab 140  mg 
(95% CI, 2.05, 5.49) vs placebo (P  <  .001 for both 
comparisons) (Fig.  1). The proportion of  patients 
with ≥75% response in any of  the individual months 
4, 5, or 6 ranged from 21.5 to 25.6% for erenumab 
70 mg, 24.5 to 28.6% for erenumab 140 mg, and 12.7 
to 15.2% for placebo (Fig. 2A). In addition, greater 
proportions of  patients in the erenumab groups 
achieved ≥75% reduction in MMD in each of  the 
last 3 months of  the DBTP in comparison with pla-
cebo: 8.3% (26/312) for erenumab 70 mg (OR vs pla-
cebo 2.11; 95 % CI, 1.06, 4.20; P = .029) and 11.6% 
(37/318) for erenumab 140 mg (OR vs placebo 3.13; 

95% CI, 1.61, 6.06; P < .001) vs 4.1% (13/316) in the 
placebo group (Fig. S1B).

Compared with placebo, numerically greater pro-
portions of patients treated with erenumab achieved 
100% response (complete elimination of migraine days) 
in months 4 through 6; the proportions that did so were 
small for this highly strict endpoint, which requires no 
migraine days over 3 consecutive months based on ob-
served data (3.2% for erenumab 70 mg [95% CI, 0.45, 
2.84] and 5.0% for erenumab 140  mg [95% CI, 0.78, 
4.17], vs 2.8% for placebo, P  =  .80 and P  =  .16 for 
erenumab 70 and 140  mg, respectively) (Fig.  1). The 
proportion of patients with 100% response in any of 
the individual months 4, 5, or 6 ranged between 9.9 to 
12.2% for erenumab 70 mg, 9.4 to 13.5% for erenumab 
140 mg, and 5.1 to 5.7% for placebo (Fig. 2B).

Fig. 1.—Proportions of patients achieving a ≥50%, ≥75%, or 100% decrease in monthly migraine days (MMD) and no change or 
increase in MMD during the last 3 months of the double-blind treatment phase (DBTP) (months 4 through 6). The common odds 
ratios (ORs) and P values are obtained from a Cochran-Mantel-Haenszel (CMH) test, stratified by stratification factors region and 
prior/current treatment with migraine prophylactic medication. The P values for pairwise comparisons are nominal P values obtained 
from the CMH test using data including placebo and corresponding erenumab dose group only. Proportion (%) = n/N * 100. 95% 
confidence interval (CI) of the ORs for ≥50% response: 70 mg vs placebo (1.52, 2.99) and 140 mg (2.00, 3.92); for ≥75% response: 
70 mg (1.91, 5.18) and 140 mg (2.05, 5.49); for 100%: 70 mg (0.45, 2.84) and 140 mg (0.78, 4.17). Breslow-day test for homogeneity 
of the OR cross strata for the ≥75% responder over months 4, 5, and 6 is 0.52 for 70 mg and 0.20 for 140 mg. Breslow-day test for 
homogeneity of the OR across strata for the 100% responder over months 4, 5, and 6 is 0.54 for 70 mg and 0.53 for 140 mg. Number 
in the efficacy analysis set (N); number in the subgroup (n). [Color figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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Achievement of ≥75% and 100% response was sub-
stantially greater in either of the 2 erenumab groups than 
in the placebo group at the first prespecified time point 

for assessment of response, month 1 (P = .011 for ere-
numab 70 mg [OR vs placebo 2.19; 95% CI, 1.19, 4.05] 
and P < .001 for erenumab 140 mg [OR vs placebo 2.91, 

Fig. 2.—Proportion of patients with (A) ≥75% and (B) 100% reduction from baseline in monthly migraine days (MMD) during each 
month of the double-blind treatment phase (DBTP). The common OR and P values are obtained from a Cochran-Mantel-Haenszel 
(CMH) test, stratified by stratification factors region and prior/current treatment with migraine prophylactic medication. The same 
analysis is repeated for each visit. The P values for pairwise comparisons are nominal P values obtained from the CMH test using 
data including placebo and corresponding erenumab dose group only. Proportion (%) = n/N * 100. (A) 95% confidence interval (CI) of 
the odds ratios (ORs) for month 1: 70 mg (1.19, 4.05) and 140 mg (1.62, 5.23); month 2: 70 mg (1.31, 3.55) and 140 mg (1.63, 4.27); 
month 3: 70 mg (1.33, 3.13) and 140 mg (1.51, 3.51); month 4: 70 mg (1.23, 2.92) and 140 mg (1.85, 4.25); month 5: 70 mg (1.43, 
3.25) and 140 mg (1.51, 3.40); month 6: 70 mg (1.28, 2.85) and 140 mg (1.22, 2.76). (B) 95% CI of the ORs for month 1: 70 mg (1.20, 
11.5) and 140 mg (1.36, 12.51); month 2: 70 mg (1.11, 4.81) and 140 mg (1.03, 4.53); month 3: 70 mg (0.77, 3.01) and 140 mg (0.88, 
3.35); month 4: 70 mg (1.11, 3.95) and 140 mg (1.17, 4.07); month 5: 70 mg (1.29, 4.20) and 140 mg (1.46, 4.64); month 6: 70 mg 
(1.29, 4.23) and 140 mg (0.94, 3.21). Number in the efficacy analysis set (N); number in the subgroup (n). [Color figure can be viewed 
at wileyonlinelibrary.com]

(A)

(B)

www.wileyonlinelibrary.com
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95% CI, 1.62, 5.23] at the ≥75% threshold; P = .016 for 
erenumab 70  mg [OR vs placebo 3.71; 95% CI, 1.20, 
11.5] and P = .007 for erenumab 140 mg [OR vs placebo 
4.13; 95% CI, 1.36, 12.51] at the 100% threshold) (Fig. 2). 
Onset of efficacy by this first-time point has also been 
reported at the ≥50% response threshold.10

A total of 19.2%, 16.7%, and 32.9% patients had 
no reduction (ie, no change or increase) in MMD from 
baseline in months 4 through 6 on erenumab 70 mg, 
erenumab 140 mg and placebo, respectively (P < .001 
vs placebo for both comparisons) (Fig. 1).

Waterfall Plot Analysis.—To obtain insight into the 
variation in the response to erenumab or placebo across 
patients, we performed a waterfall plot analysis (Fig. 3), 
which shows the variation across individual responses 
in terms of change in MMD from baseline to the final 
3 months (months 4-6) of the DBTP against the indi-
viduals’ baseline MMD. The bar chart shows individual 
patient baseline MMD, with the lowest to the left of the 
chart and the highest to the right; change in MMD is su-
perimposed, with bars above the x-axis indicating wors-
ening, no bars indicating no change, and bars below the 
x-axis indicating reduction in MMD, that is, improve-
ment. The individuals’ response levels did not appear to 
be related to their baseline MMD, as individuals ranged 
from being notably good responders to having no re-
sponse, irrespective of baseline MMD. However, there 
was a clear trend for larger improvements correlated 
with higher MMD at baseline (Spearman correlation 
coefficient −0.349, −0.340, and −0.275 for erenumab 
70 mg, erenumab 140 mg, and placebo, respectively).

Efficacy Based on Achievement of Response at the 
≥50%, ≥75%, and 100% Response Thresholds.—Baseline 
characteristics were similar for MMD across all response 
subgroups, whether the subgroup had achieved a re-
sponse or not, and were similar to those for the overall 
population (Table 1). Baseline MSMD, which are given 
for the total population (ie, including patients not using 
acute migraine-specific medications during baseline) 
were somewhat lower in those showing a response than 
those not achieving a response, across all response thresh-
olds, irrespective of erenumab treatment group (Table 1). 
For those achieving a response, the range for baseline 
mean MSMD was 2.0-2.4  days at the ≥75% response 
threshold and 1.4-1.7 days at the 100% response thresh-
old. By contrast, the range for mean baseline MSMD 

was 3.4-3.8  days for the subgroups with no response 
across all response thresholds (Table  1). In terms of 
achievement of response at the ≥50% response threshold, 
lower proportions of patients achieving a response used 
acute migraine-specific medications at baseline than did 
those who did not achieve a response (52.6% vs 64.0%, 
respectively, for the 70 mg erenumab group, and 59.1% vs 
60.8%, respectively, for the 140 mg erenumab group). This 
proportion appeared to be lower again at the ≥75% and 
100% response thresholds, although there were fewer pa-
tients at the higher response thresholds (Table 1).

HIT-6 and mMIDAS baseline values were simi-
lar between responders and non-responders across all 
thresholds, with one exception: at the 100% threshold, 
mMIDAS baseline values were consistently higher for 
responders compared with non-responders (Table 1).

For those achieving a response at the ≥50% re-
sponse threshold, mean (standard deviation, SD) re-
duction in MMD was 6.1 (2.1) for erenumab 70 mg and 
6.0 (2.1) for 140 mg, from baselines of 8.3 (2.5) and 8.2 
(2.4), respectively (Fig.  4A). For those not achieving 
the ≥50% response, the mean (SD) reduction in MMD 
was 1.1 (2.8) for erenumab 70  mg and 1.4 (2.3) for 
erenumab 140 mg, from baselines of 8.3 (2.4) and 8.5 
(2.5), respectively (Fig. 4A).

In comparison with the ≥50% response threshold, 
both doses of erenumab resulted in numerically greater 
reductions in MMD at the ≥75% and 100% response 
thresholds (Fig.  4A). For the subgroups that did not 
achieve a response at the various response thresholds 
(ie, those with <50%, <75% or <100% response), the 
reductions in MMD were slightly higher for those that 
did not achieve the ≥75% and 100% response thresholds 
than for those who did not achieve the ≥50% threshold 
(Fig.  4A). Similar trends were observed for MSMD 
and all PROs tested: HIT-6, mMIDAS, MPFID-EA, 
and MPFID-PI (Figs. 4B-D and S2), where a reduction 
in test score translates to improvement in disability.9

For MSMD at the ≥50% threshold, a mean (SD) 
reduction of 2.0 (2.4) days was achieved for erenumab 
70 mg and a mean (SD) of 2.3 (2.6) days was achieved 
for erenumab 140 mg, from baselines of 2.9 (3.3) and 
3.2 (3.4), respectively (Fig.  4B). For those subgroups 
achieving the various response thresholds, reductions 
in MSMD were highest at the ≥50% threshold, and 
lowest at the 100% threshold. However, the baseline  
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Fig. 3.—Waterfall plot of change in monthly migraine days (MMD) from baseline for placebo (A), erenumab 70 mg (B), and erenumab 
140 mg (C). Waterfall plot showing change from baseline to primary endpoint against baseline MMD, Observed Efficacy Analysis 
Set. Baseline MMDs are shown in gray, with lowest baseline MMD to the left and highest to the right-hand side. Change from 
baseline is shown in charcoal, yellow and blue, with reduction in MMD from baseline (improvement) below the x-axis and worsening 
or no change above or at the x-axis, respectively. The primary endpoint was the change in mean number of MMD from baseline to 
the final 3 months, months 4-6, of the double-blind treatment phase (DBPT). [Color figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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MSMDs were also lower at the ≥75% and 100%  
response thresholds (Table 1).

The reductions for those not achieving the ≥75% 
and 100% responses were numerically similar to those 
for the overall population (Fig. 2A,B); this is not un-
expected given that the majority of the overall popula-
tion did not achieve MMD response at the ≥75% and 
100% thresholds.

DISCUSSION
The exploratory and post hoc analyses of the 

STRIVE pivotal clinical trial data presented here cor-
roborate previous analyses on the efficacy of erenumab 
as a preventive treatment in EM9-14,23 and provide con-
text for understanding the spectrum of response to 
erenumab. Erenumab has shown efficacy across a va-
riety of response thresholds, from the standard ≥50% 

Fig. 4.—Exploratory measures of efficacy during the last 3 months of the double-blind treatment phase (DBTP; months 4 through 
6) in subgroups achieving ≥50%, ≥75%, and 100% response. (A) Mean change in monthly migraine days (MMD) from baseline. (B) 
Mean change in acute migraine-specific medication treatment days (MSMD) from baseline. (C) Mean change in 6-item Headache 
Impact Test (HIT-6) from baseline. (D) Mean change in Modified Migraine Disability Assessment (mMIDAS) total score from 
baseline (every 3 months [Q3M]). The mMIDAS was converted into a Q3M assessment of disability. The mMIDAS scores were 
summed for months 4, 5, and 6 by taking the average of these post-baseline assessments and multiplying by 3 (if  at least 1 mMIDAS 
was present).

(A)

(B)
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threshold10 to the stricter ≥75% and 100% thresholds 
also presented here. It is worth noting that achievement 
of a 100% reduction in MMD over months 4 through 
6 is an extremely strict endpoint, as it means that a pa-
tient must not have had a single migraine day during a 
3-month period.

STRIVE showed that 43.3% of patients on ere-
numab 70  mg and 50.0% of patients on erenumab 
140 mg, as compared with 26.6% in the placebo group, 
achieved a ≥50% reduction in MMD at months 4 

through 6 compared to the pre-erenumab treatment 
baseline.10 We show here that a clinically relevant num-
ber of patients achieved the more remarkable ≥75% or 
100% response thresholds with either 70 or 140 mg ere-
numab. A most notable strength here is that the ORs 
allow anchoring of the response in the active group to 
that in the placebo group (which can vary consider-
ably) and put the observed efficacy into context.

Erenumab treatment effect at the ≥75% and 100% 
response thresholds was already visible by month 1, 

(C)

(D)

Fig. 4.—Continued. [Color figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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as has been reported for the ≥50% response thresh-
old,10 and the proportions of patients responding 
increased over the first 3 months and were sustained 
thereafter, albeit with some month-to-month variation 
in response (Fig.  2). This month-to-month variation 
was not seen at the ≥50% response threshold, where a 
steady-state in MMD reduction appeared to have been 
achieved by month 2,10 and it is perhaps due, at least in 
part, to the fewer numbers of patients achieving ≥75% 
and 100% responses (Table 1). Lower proportions of 
patients achieved a response at the various response 
thresholds over months 4 through 6 than at months 4, 
5, or 6 individually as the former is more difficult to 
achieve. This difference was more extreme for the 100% 
than for the ≥75% response threshold, since achieving 
a complete remission for a sustained period of time is 
a truly remarkable response and may not be achievable 
for a high proportion of patients with EM, especially 
over the time interval (4-6  months) studied here. It 
may be helpful for future studies to divide the current 
100% threshold into smaller ranges (75-80%, 80-89%, 
and 90-99%) to have a clearer understanding of how 
high-level responses are distributed among patients. A 
number of patients achieved a ≥75% response in MMD 
reduction in each of months 4, 5, and 6: 8.3% for ere-
numab 70 mg, and 11.2% for erenumab 140 mg vs 4.1% 
in the placebo group. About 20% of patients across 
treatment groups did not show any improvement,  
defined as no change or increase in MMD from 
baseline, during months 4 through 6 (Fig. 1). This is 
the first time that data on non-responders has been  
described in this context, as previous erenumab trials 
did not report results for this group of patients.9-14 The 
lack of response in a subgroup of patients raises the 
possibility that there may be as yet undefined migraine 
subtypes in which the CGRP pathway may not play a 
prominent role in the generation and pathogenesis of 
their migraine attack.

In migraine clinical trials, outcomes are reported 
for the overall population; however, response to treat-
ment varies from patient to patient, as is shown by 
the waterfall plots presented here. This is relevant to 
treatment decisions in clinical practice, as even those 
patients who have not achieved response at a particu-
lar threshold may experience other benefits that reflect 
improvement in quality of life and functioning, which 

may have a considerable effect on patients’ daily lives. 
Therefore, we analyzed change from baseline values 
during months 4 through 6 for a variety of efficacy 
and PRO endpoints according to whether a response 
at the ≥50%, ≥75%, and 100% response thresholds was 
achieved, with the aim of gaining insight into the ac-
tual treatment benefit for those patients who did or did 
not achieve an arbitrary threshold (eg, ≥50%) response.

Patients achieving MMD response at the various 
thresholds showed substantially greater reductions 
in mean MMD, HIT-6, mMIDAS, MPFID-EA, and 
MPIFID-PI from baseline than did the overall popula-
tion (Fig. 4); baseline values for each outcome measure 
were similar in subgroups achieving a given threshold 
of response compared with those that did not achieve 
it. Substantial reductions in all PRO scores were ob-
tained in MMD responders across all response thresh-
olds. Although improvements in PROs were also seen 
in the subgroups of patients not achieving a particular 
response threshold, the benefit was larger for respond-
ers. All patients treated with erenumab achieved a  
reduction in HIT-6 over time, showing reduced impact 
of migraine even if  they did not achieve a response at 
the ≥50%, ≥75% or 100% MMD thresholds; in the case 
of patients who achieved or did not achieve a ≥75% or 
100% response, the reduction in HIT-6 was ≥5 points, 
which is considered clinically relevant.24 Those achiev-
ing responses at the ≥50%, ≥75%, and 100% response 
thresholds also had improved mMIDAS scores: the clin-
ically significant reduction in total score of ≥5 points25 
was achieved at the ≥75% and 100% response thresholds 
(Fig.  4D). For both MPFID-EA and MPFID-PI, re-
sponders across all response thresholds achieved a clin-
ically significant ≥5-point change (Fig. S2).25,26 Similar 
to HIT-6 score results, mMIDAS, MPFID-EA, and 
MPFID-PI scores improved for patients showing any 
response, even for those who did not achieve response 
at the ≥50%, ≥75%, and 100% response thresholds. This 
shows that even subjects that do not achieve MMD re-
sponses at a given threshold may be deriving treatment 
benefit; in these cases, improvement in PROs can pro-
vide additional important outcome information even in 
the absence of large MMD responses.

These results highlight both the spectrum of 
treatment responses that exists and that outcomes 
obtained for the overall study population do not 
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predict benefit at the individual level. Response 
thresholds are arbitrary and dichotomous, and as 
demonstrated here, patients who do not achieve a 
given level of  response can still benefit from treat-
ment as demonstrated by improvement in other 
clinically important and validated PRO measures. 
A number of  factors likely influence an individual’s 
ability to achieve a response to erenumab. However, 
the effects of  these factors, which may include base-
line characteristics, underlying pathophysiology, and 
genetics, among others, on response are not under-
stood; therefore, there is no way at present to predict 
the level of  response that a patient will experience, 
which represents an important gap in our knowledge. 
The various types of  responses, coupled with the 
added placebo effect in all measures, most obvious in 
the waterfall plot, indicate the importance to act in 
all reasonable ways for this patient group.

In contrast to MMD and the various PROs, which 
were similar across all response thresholds, baseline 
acute migraine-specific medication use and MSMD 
appeared to be lower in subgroups achieving MMD 
response at the higher thresholds (Table  1). These 
differences may be due, at least partly, to the smaller 
numbers of patients at the higher response thresh-
olds. However, it is also possible that high level MMD  
responders are more responsive to acute migraine- 
specific medication (triptans), and therefore, need to 
use less to achieve an improvement in their symptoms, 
or they may respond sufficiently well to other acute 
medications such as nonsteroidal anti-inflammatory 
drugs (NSAIDs) so that they do not rely on triptans. 
This trend for baseline MSMD was also observed in 
chronic migraine (CM) for those achieving a response 
(baseline acute migraine-specific medication was not 
included in this analysis); however, in contrast with 
EM, patients achieving a response also had lower base-
line MMD than did those not achieving a response.27 It 
is a plausible hypothesis that patients with more severe 
disease may not only use triptans more frequently, but 
they may also be somewhat less likely to achieve a high 
level response to preventive treatment.

While the efficacy results we present in this study 
are in line with the primary results of randomized, 
controlled erenumab clinical trials,9,10,12 it should be 
noted that these are mostly post hoc analyses based 

on exploratory endpoints. It should also be noted 
that these analyses were based on descriptive statistics 
alone, meaning definitive conclusions cannot be drawn 
from our results. The response thresholds employed 
in MMD responder analyses are based on population 
data, and thus may underestimate individual responses, 
which is a limitation of this study. However, our water-
fall plots and PRO results show that those who do not 
achieve a given level of response may still experience 
treatment benefit.

The results of our analysis – showing improvement 
in PROs regardless of response threshold reduction in 
MMD – suggest that measuring a single endpoint, even 
one as seemingly meaningful as MMD reduction, does 
not capture the totality of the benefit that patients de-
rive from preventive treatment. In the future, we will 
need to continue to develop novel endpoints, including 
perhaps composite endpoints, that better reflect clini-
cally meaningful benefit derived from a particular drug 
or intervention.

CONCLUSIONS
In conclusion, erenumab treatment groups 

achieved greater MMD responses than placebo,  
regardless of response threshold; individual response, 
however, was highly heterogeneous and showed that 
patients can still derive benefit from treatment even 
in the absence of a given response threshold. Patients 
who achieved responses at the ≥50%, ≥75%, or 100% 
thresholds displayed substantially greater reductions in 
migraine days and in migraine-specific medication use 
as well as substantial improvement in migraine-related 
disability and headache impact as determined by re-
ductions in HIT-6, mMIDAS, and MPFID test scores, 
as compared with the overall erenumab-treated popu-
lation. The findings presented here corroborate our 
findings in CM,27 and together they provide context for 
establishing realistic patient and physician expectations 
regarding the magnitude of treatment benefit that may 
be achieved by patients treated with erenumab.
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