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ABSTRACT

Introduction: The phase 3 PREEMPT trials
demonstrated efficacy and tolerability of
onabotulinumtoxinA for headache prevention
in adults with chronic migraine. Onabo-
tulinumtoxinA significantly reduced headache
frequency from baseline vs. placebo at 24 weeks;
however, this measure may not fully capture
the benefits of treatment. We evaluated the
impact of onabotulinumtoxinA on patient-re-
ported outcomes according to headache
responder status.

Methods: A post hoc analysis pooled 24-week
data from the placebo-controlled, randomized,
double-blind treatment phases of the PREEMPT
trials. Patients were stratified by randomized
treatment (onabotulinumtoxinA vs. placebo)
and headache day responder status (responder
vs. nonresponder). Headache day responders
had a C 50% headache day reduction from
baseline measured at weeks 21–24. Outcomes
evaluated were patient-reported reductions in
moderate-to-severe headache days, Headache
Impact Test, and Migraine-Specific Quality of
Life Questionnaire. Missing values were esti-
mated using a modified last-observation-car-
ried-forward approach.
Results: In the pooled analysis population
(N = 1384; onabotulinumtoxinA, n = 688; pla-
cebo, n = 696), headache day responder rates
were 308/688 (45%) for onabotulinumtoxinA-
and 238/696 (34%) for placebo-treated patients.
At 24 weeks compared with baseline, onabo-
tulinumtoxinA nonresponders showed signifi-
cantly (all P\0.01) greater mean (standard
error) reductions vs. placebo nonresponders in
moderate-to-severe headache days (– 3.5 [0.2]
vs. - 2.4 [0.2]) and Headache Impact Test scores
(– 2.3 [0.3] vs. – 0.8 [0.2]), and greater mean
improvements in Migraine-Specific Quality of
Life Questionnaire domains (Restrictive, 8.8
[1.0] vs. 2.9 [0.8]; Preventive, 6.0 [1.0] vs. 1.8
[0.8]; Emotional, 8.5 [1.3] vs. 2.8 [1.1]). Moder-
ate-to-severe headache day and headache
impact differences between nonresponder
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groups were evident at week 4 and sustained
through week 24.
Conclusions: Relative to placebo nonrespon-
ders, onabotulinumtoxinA nonresponders
experienced significant reductions in moderate-
to-severe headache days and disability and
improvement in quality of life, implying that
the full benefits of onabotulinumtoxinA are not
captured by headache day reduction.
Trial Registration: ClinicalTrials.gov identi-
fiers, NCT00156910 (PREEMPT 1) and
NCT00168428 (PREEMPT 2).

Keywords: Botulinum toxin type A; Chronic
migraine; Headache; Quality of life

Key Summary Points

Why carry out this study?

In clinical trials of preventive treatments
for chronic migraine (CM), patients have
traditionally been classified as treatment
responders or nonresponders by the
binary threshold of at least a 50%
reduction in headache day frequency.

While this dichotomy is convenient for
summarizing and communicating the
benefits of treatment in trial populations,
it does not fully reflect the benefits
observed in clinical practice.

We hypothesized that patients treated
with onabotulinumtoxinA but classified
as headache day nonresponders may still
experience reductions in moderate-to-
severe headache days and improvements
in patient-reported outcomes compared
with placebo headache day
nonresponders.

What was learned from the study?

OnabotulinumtoxinA treatment was
associated with significantly greater
improvements compared with placebo in
days with moderate-to-severe headache,
headache-related impact, and quality of
life in both headache day responders and
nonresponders.

These results support a treatment benefit
for onabotulinumtoxinA in CM at 24
weeks that may not be fully captured by
the observed reduction in headache days
and is not confined to responder groups.

Thus, when evaluating treatment,
practitioners and payers should consider
relevant outcomes to determine clinically
meaningful responses, as patients with
CM who fail to achieve the traditional
headache day response may still benefit
from treatment.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12951419.

INTRODUCTION

Chronic migraine (CM) is a distinct neurolog-
ical disease defined by the International Clas-
sification of Headache Disorders 3rd edition
(ICHD-3) by at least 15 headache days per
month, eight of which fulfill migraine criteria,
not attributable to another disorder [1]. CM is
estimated to affect 1 to 2% of the global pop-
ulation [2]. CM has a more debilitating disease
profile than episodic migraine (characterized
by less than 15 headache days per month),
with patients experiencing a greater frequency
of headache days, a greater frequency and
severity of migraine-associated disability [3],
and a greater prevalence of comorbid condi-
tions (e.g., other chronic pain disorders, anxi-
ety, depression) than episodic migraine [4, 5].
Disabling migraine attacks prevent patients
with CM from performing daily activities and
significantly affect their quality of life, leading
to substantial societal and familial burden
[4, 6].

The identically designed phase 3, random-
ized REsearch Evaluating Migraine Prophylaxis
Therapy (PREEMPT 1 and PREEMPT 2) pivotal
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trials evaluated the clinical efficacy and safety
of onabotulinumtoxinA (Botox�; Allergan plc,
Dublin, Ireland) for preventive treatment in
adult patients 18 to 65 years of age with CM
[7, 8]. Results from these trials demonstrated
that compared with placebo, onabotulinum-
toxinA treatment significantly reduced the
frequency of headache days from baseline in
patients with CM and yielded a significantly
higher proportion of treatment responders, as
measured by at least a 50% reduction from
baseline in headache days [9]. Results also
showed that onabotulinumtoxinA treatment
improved functioning and health-related
quality of life compared with placebo
[7, 8, 10].

In clinical trials of preventive treatments for
CM, patients have traditionally been classified
as treatment responders or nonresponders by
the binary threshold of at least a 50% reduction
in headache day frequency [11, 12]. While this
dichotomy is convenient for summarizing and
communicating the benefits of treatment in
trial populations, it does not fully reflect the
benefits observed in clinical practice. For
example, using this approach, we would con-
sider a patient with a 51% reduction in head-
ache days a treatment success, while a patient
with a 49% reduction would be considered a
treatment failure. Similarly, a decrease in aver-
age attack duration from 20 to 4 h would not
change the number of headache days; as a
consequence, responder rates do not capture
this benefit. There is a clinical impression that
some ‘‘nonresponders’’ may receive benefits
from onabotulinumtoxinA treatment that are
not fully captured by the classic responder
definition [13].

A previous analysis of pooled PREEMPT data
found that headache day nonresponders who
had received onabotulinumtoxinA treatment
had significant reductions in severe headache
days and headache severity compared with
headache day nonresponders who had received
placebo [14]. Therefore, to assess the potential
benefits of onabotulinumtoxinA treatment not
captured by at least a 50% reduction in head-
ache days, we evaluated the impact of onabo-
tulinumtoxinA treatment on patient-reported
reductions in moderate-to-severe headache

days, and improvements in patient-reported
outcomes of headache impact and quality of life
in adult patients with CM who were headache
day responders and nonresponders. This
approach aligns with International Headache
Society (IHS) guidelines for controlled trials in
migraine prevention, which encourage consid-
eration of health-related quality of life and dis-
ability outcomes as endpoints [12]. We
hypothesized that patients treated with onabo-
tulinumtoxinA but classified as headache day
nonresponders may still experience reductions
in moderate-to-severe headache days and
improvements in patient-reported outcomes
compared with placebo headache day
nonresponders.

METHODS

Study Design

The methods used in the PREEMPT 1 and 2
pivotal clinical trials have been reported pre-
viously [7, 8] and are briefly summarized here.
This pooled, post hoc analysis used 24-week
data from the phase 3 PREEMPT trials [7, 8],
which were conducted from January 23, 2006
to August 11, 2008, at 122 sites across six dif-
ferent countries. Both trials included a 28-day
baseline period, a 24-week double-blind, ran-
domized treatment period, and a 32-week
open-label phase. Patients were randomized
1:1 to receive intramuscular injections of
onabotulinumtoxinA or placebo on day 0 and
at week 12, followed by open-label treatment
with onabotulinumtoxinA at weeks 24, 36,
and 48.

As described previously [7, 8], both trials
discussed in this article were conducted in
accordance with the Declaration of Helsinki
Code of Federal Regulations and Good Clinical
Practices and US requirements of public regis-
tration (NCT00156910 [PREEMPT 1] and
NCT00168428 [PREEMPT 2]). Investigators at
each investigational site obtained approval
from an independent ethics committee or a
local institutional review board prior to study
initiation. Written informed consent was
obtained from each randomized patient.
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Participants

Inclusion and exclusion criteria for the indi-
vidual PREEMPT studies have been reported
previously [7, 8]. Briefly, eligible patients were
men or women 18 to 65 years of age with a
history of migraine meeting the diagnostic cri-
teria listed in the 2004 International Classifica-
tion of Headache Disorders, 2nd edition (ICHD-
2) Sect. 1, Migraine [1], with the exception of
‘‘complicated migraine.’’ During the 28-day
baseline period, patients were required to pro-
vide diary data on at least 20 days and to have
had at least 15 headache days (defined as a
calendar day consisting of 4 or more hours of
continuous headache), of which at least 50%
were migraine or probable migraine days (re-
ferred to hereafter as migraine days), and to
have had 4 or more distinct headache episodes
each lasting at least 4 h. Patients were excluded
if they had used any headache prophylactic
medication within 4 weeks prior to the study
start at baseline, had previous exposure to any
botulinum toxin serotype, or had a positive
urine pregnancy test.

Patients in this pooled analysis were strati-
fied by randomized treatment (onabotulinum-
toxinA vs. placebo) and headache day
responder status (responder vs. nonresponder).
Headache day responders were defined as
patients who achieved at least a 50% reduction
from baseline in headache day frequency for the
4-week period ending with week 24; headache
day nonresponders were defined as patients
who achieved less than a 50% reduction from
baseline in headache day frequency for the
4-week period ending with week 24. Due to
high placebo response rates for efficacy and
known adverse events (AEs) [9], for this analysis
we compared between onabotulinumtoxinA
nonresponders and placebo nonresponders
instead of the entire placebo group.

Study Assessments

The clinical impact of treatment was evaluated
by assessment of changes from baseline in the
following 3 outcome measures: (1) patient-rated
headache severity, basedona scale of 0 = none to

3 = severe, as recorded in a voice-interactive
daily telephone diary and summarized over
4-week intervals, ending with weeks 4, 8, 12, 16,
20, and24; (2)headache impact, basedonpatient
responses on the 6-item Headache Impact Test
(HIT-6) [15] at weeks 4, 8, 12, 16, 20, and 24; and
(3)health-relatedqualityof life, as determinedby
patient responses on the Migraine-Specific
Quality of Life Questionnaire version 2.1
(MSQv2.1) [16, 17] at weeks 12 and 24. Note that
while improvement from baseline involved
decreased scores for HIT-6, it involved increased
scores for MSQv2.1. AEs and treatment-related
AEs (TRAEs)were summarized for each treatment
group by headache day responder status.

Statistical Analyses

Results were summarized with descriptive statis-
tics (mean, standard error [SE], frequency, or
percentage). Differences between treatment
groups were evaluated for HIT-6 and MSQv2.1
with the non-parametric Wilcoxon rank-sum
test. For headache days, differences were evalu-
ated by covariate analysis of variance, with
baseline as covariate, using type III sum of
squares via SAS statistical software.Differences in
responder incidences were evaluated with Fish-
er’s exact test. Missing values were estimated
with amodified last-observation-carried-forward
(mLOCF) approach, consisting of a patient’s last
observation, modified according to the average
rate of change among all other patients, to
roughly preserve the patient’s rank position rel-
ative to the mean. Observed data, consisting of
all patients with evaluable data at a given time
point, are reported for classification of headache
day responders for comparison purposes only.
The post hoc analyses reported here were
exploratory in nature, and were therefore per-
formed without prespecified multiplicity
adjustments. However, a highly conservative
Bonferroni adjustment was used for the week 24
primary time point to modify the critical level
from 0.05 to 0.005 to account for the five study
assessments for each of the two responder sub-
groups (i.e., 0.05/10 = 0.005). Small P values for
other time points were considered supportive of
significant results for the primary time point.
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RESULTS

Headache Day Responders
and Nonresponders

The pooled analysis population contained a
total of 1384 patients (onabotulinumtoxinA,
n = 688; placebo, n = 696). Table 1 shows the
headache day responder status at week 24, as
determined separately for the mLOCF and
observed data analysis methods [9, 13]. As both
methods produced similar results, the mLOCF
method was used for all subsequent analyses,
since it allows for a larger number of patients to
be analyzed. In the mLOCF analysis, for the
onabotulinumtoxinA group, 308/688 (44.8%)
patients were headache day responders, and
380/688 (55.2%) were headache day nonre-
sponders; in the placebo group, 238/696
(34.2%) were headache day responders, and
458/696 (65.8%) were headache day nonre-
sponders. The baseline patient demographics
and headache characteristics of headache day
responders and nonresponders from each
treatment arm were similar and are summarized
in Table 2.

Moderate-to-Severe Headache Day
Response

Reductions from baseline to week 24 in the
numbers of moderate-to-severe headache days
are shown for all four subgroups in Fig. 1.
Reductions were significantly greater in

onabotulinumtoxinA-treated nonresponders
compared with placebo nonresponders
throughout the 24-week double-blind period. At
week 24, the mean (standard error [SE]) reduc-
tion in moderate-to-severe headache days
was - 3.5 (0.2) days for onabotulinumtoxinA-
treated nonresponders and - 2.4 (0.2) days for
placebo nonresponders (P\0.001). Treatment
differences between onabotulinumtoxinA-trea-
ted nonresponders and placebo nonresponders
were evident at week 4 and sustained through-
out the 24 weeks of double-blind treatment.

Both onabotulinumtoxinA and placebo
headache day responders showed a decrease in
moderate-to-severe headache days as early as
week 4, and this decrease was sustained
throughout 24 weeks of randomized treatment.
No significant treatment differences were
observed between onabotulinumtoxinA-treated
responders and placebo-treated responders
(P[0.05) except at week 20. However, even
though reductions in moderate-to-severe head-
ache days in responders were similar between
treatment groups, there was a notable and sta-
tistically significant difference in the percentage
of responders favoring onabotulinumtoxinA
(45% vs. 34%; P\ 0.001; Table 1).

Headache Impact

Reductions in headache impact from baseline to
week 24, as measured by changes from baseline
in HIT-6 total scores, are shown for all sub-
groups in Fig. 2. Reductions in headache impact

Table 1 Pooled analysis of PREEMPT trials: 50% headache day respondersa by mLOCF and observed data analyses at 24
weeks

OnabotulinumtoxinA Placebo

mLOCF
(n = 688)

Observed
(n = 539)

mLOCF
(n = 696)

Observed
(n = 555)

Respondera, n (%) 308 (44.8) 254 (47.1) 238 (34.2) 195 (35.1)

Nonresponder, n (%) 380 (55.2) 285 (52.9) 458 (65.8) 360 (64.9)

mLOCF modified last-observation-carried-forward
a Defined as at least a 50% reduction in headache day frequency for the 4-week period ending with week 24 in either
treatment group
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were significantly greater in onabotulinumtox-
inA-treated nonresponders compared with pla-
cebo nonresponders throughout the 24-week
double-blind period. The mean (SE) change in
HIT-6 total score at 24 weeks was - 2.3 (0.3) for
onabotulinumtoxinA-treated nonresponders vs.
- 0.8 (0.2) for placebo nonresponders
(P\0.001). HIT-6 treatment differences
between onabotulinumtoxinA-treated nonre-
sponders and placebo nonresponders were evi-
dent at week 4 and sustained throughout the
24 weeks of double-blind treatment (P\0.001).

OnabotulinumtoxinA treatment was also
associated with significantly greater reductions
in headache impact from baseline vs. placebo
among headache day responders. At 24 weeks,

the mean (SE) change from baseline in HIT-6
total score for onabotulinumtoxinA-treated
responders was - 7.9 (0.5) vs. - 5.5 (0.5) for
placebo responders (P\ 0.001).

Migraine-Specific Quality of Life Version
2.1

Improvements in quality of life from baseline to
week 24, as measured by mean (SE) changes
from baseline in MSQv2.1 scores, are shown in
Fig. 3. OnabotulinumtoxinA-treated nonre-
sponders showed significantly greater mean (SE)
improvements in quality of life at week 24
compared with placebo nonresponders. Mean
(SE) improvements from baseline at week 24

Table 2 Baseline patient demographics and headache characteristics of the pooled PREEMPT analysis population

50% Respondersa Nonresponders

OnabotulinumtoxinA
(n = 308)

Placebo
(n = 238)

OnabotulinumtoxinA
(n = 380)

Placebo
(n = 458)

Age, mean (SD), years 40.8 (10.0) 40.4 (10.9) 41.4 (10.8) 42.1 (10.5)

Female, n (%) 277 (89.9) 203 (85.3) 326 (85.8) 390 (85.2)

Race, n (%)

White 277 (89.9) 212 (89.1) 340 (89.5) 418 (91.3)

Black 14 (4.5) 16 (6.7) 20 (5.3) 24 (5.2)

Asian 2 (0.6) 1 (0.4) 2 (0.5) 2 (0.4)

Hispanic 12 (3.9) 6 (2.5) 15 (3.9) 13 (2.8)

Other 3 (1.0) 3 (1.3) 3 (0.8) 1 (0.2)

Age of onset of chronic migraine,

mean (SD), years

21.5 (10.8) 21.6 (11.7) 20.9 (11.2) 22.1 (12.1)

Headache days, mean (SD) 19.2 (3.3) 18.9 (3.1) 20.5 (3.9) 20.3 (3.9)

HIT-6 total score, mean (SE) 65.3 (0.2) 65.4 (0.3) 65.7 (0.2) 65.4 (0.2)

MSQv2.1 domain scores, mean (SE)

Role Function-Restrictive 59.6 (0.9) 60.0 (1.1) 63.0 (0.9) 62.0 (0.8)

Role Function-Preventive 43.4 (1.2) 42.2 (1.1) 44.5 (1.4) 44.8 (1.0)

Emotional Function 56.7 (1.4) 58.5 (1.6) 59.0 (1.2) 57.0 (1.2)

HIT-6 6-item Headache Impact Test, MSQv2.1 Migraine-Specific Quality of Life Questionnaire version 2.1, SD standard
deviation, SE standard error
a Defined as at least a 50% reduction in headache day frequency for the 4-week period ending with week 24 in either
treatment group
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were 8.8 (1.0) vs. 2.9 (0.8), respectively
(P\0.001), in Role Function-Restrictive
domain score; 6.0 (1.0) vs. 1.8 (0.8), respectively
(P = 0.003), in Role Function-Preventive
domain score; and 8.5 (1.3) vs. 2.8 (1.1),
respectively (P\ 0.001), in Emotional Function
domain score. A sustained difference between
onabotulinumtoxinA-treated nonresponders
and placebo nonresponders was evident for all
MSQv2.1 domain scores at 12 and 24 weeks
(P\0.05).

OnabotulinumtoxinA-treated responders
showed significantly greater mean (SE)
improvements in quality of life vs. placebo

responders at week 24. The mean improvements
from baseline at week 24 were 26.2 (1.4) vs. 19.3
(1.6), respectively (P\0.001), in Role Function-
Restrictive domain score; 21.1 (1.3) vs. 15.0
(1.5), respectively (P = 0.001), in Role Function-
Preventive domain score; and 28.7 (1.6) vs. 21.9
(1.8), respectively (P = 0.006), in Emotional
Function domain score.

Adverse Events

The incidence and severity of AEs and TRAEs,
stratified by headache day responder status, are
summarized in Table 3. OnabotulinumtoxinA-
treated responders appeared to have a lower
incidence of discontinuations due to AEs and
similar rates of AEs, TRAEs, and serious AEs
compared with onabotulinumtoxinA-treated
nonresponders. Placebo responders appeared to
have a higher incidence of TRAEs and no dif-
ference in AEs, serious AEs, and discontinua-
tions due to AEs compared with placebo
nonresponders.

DISCUSSION

This pooled analysis of data from the PREEMPT
clinical trials was conducted to determine the
impact of onabotulinumtoxinA treatment on
patient-reported outcomes in adults with CM
who were headache day responders and nonre-
sponders. Outcomes examined were mean
changes from baseline in moderate-to-severe
headache day response, HIT-6 total scores, and
health-related quality of life based on MSQv2.1
domain scores. The results provide evidence
that, compared with placebo, onabotulinum-
toxinA provided significant treatment-related
benefits in severity, functional impact, and
quality of life as reported by patients, even in
those who did not achieve 50% headache day
responder status. These findings indicate that
measurable and statistically significant treat-
ment benefits occurred in patients treated with
onabotulinumtoxinA who were considered
‘‘nonresponders’’ by the traditional response
threshold. This suggests that clinicians and
patients must make more nuanced decisions
about continuing or discontinuing migraine

Fig. 1 Mean (SE) change from baseline in moderate-to-
severe headache days. *P\ 0.05; **P\ 0.01;
***P\ 0.001; P values for between-treatment comparisons
(e.g., placebo responder vs. onabotulinumtoxinA-treated
responder). P\ 0.001 for all within-treatment compar-
isons (responder vs. nonresponder). SE standard error

Fig. 2 Mean (SE) change from baseline in total HIT-6
scores. *P\ 0.05; **P\ 0.01; ***P\ 0.001; P values for
between-treatment comparisons (e.g., placebo responder vs.
onabotulinumtoxinA-treated responder). P\ 0.001 for all
within-treatment comparisons (responder vs. nonrespon-
der). HIT-6 6-item Headache Impact Test, SE standard
error
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Fig. 3 Mean (SE) change from baseline in MSQv2.1
domain scores: a Role Function-Restrictive, b Role Func-
tion-Preventive, and c Emotional Function. *P\ 0.05;
**P\ 0.01; ***P\ 0.001; P values for between-treatment

comparisons (e.g., placebo responder vs. onabotulinumtox-
inA-treated responder). MSQv2.1 Migraine-Specific Qual-
ity of Life Questionnaire version 2.1, SE standard error

Table 3 Adverse events (safety population)

AE category, n (%) Respondersa Nonresponders

OnabotulinumtoxinA
(n = 308)

Placebo
(n = 238)

OnabotulinumtoxinA
(n = 379)

Placebo
(n = 454)

Any AE 188 (61.0) 126 (52.9) 241 (63.6) 232 (51.1)

Any TRAE 91 (29.5) 34 (14.3) 111 (29.3) 54 (11.9)

Serious AEs 14 (4.5) 7 (2.9) 19 (5.0) 9 (2.0)

Serious TRAEs 0 0 1 (0.3) 0

Discontinuations due to AEs 7 (2.3) 3 (1.3) 19 (5.0) 5 (1.1)

Deaths due to AEs 0 0 0 0

AE adverse event, TRAE treatment-related adverse event
a Defined as at least a 50% reduction in headache day frequency for the 4-week period ending with week 24 in either
treatment group
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preventive treatments that are based entirely on
achievement of at least a 50% reduction from
baseline in headache days.

In this analysis, onabotulinumtoxinA-
treated nonresponders showed a significantly
greater reduction from baseline in the number
of moderate-to-severe headache days and sig-
nificantly greater reductions from baseline in
HIT-6 total scores compared with placebo non-
responders. These reductions were observed
starting at week 4 and were sustained through-
out week 24. OnabotulinumtoxinA-treated
nonresponders also showed significantly greater
improvements in MSQv2.1 domain scores
compared with placebo nonresponders at weeks
12 and 24.

OnabotulinumtoxinA-treated responders
showed significantly greater reductions in HIT-6
total scores compared with placebo responders
starting at week 8 that were sustained
throughout week 24. OnabotulinumtoxinA-
treated responders also showed significantly
greater improvements in MSQv2.1 domain
scores compared with placebo responders at
weeks 12 and 24. Changes from baseline in
moderate-to-severe headache days were similar
for both onabotulinumtoxinA-treated respon-
ders and placebo responders. Interestingly,
patient-reported moderate-to-severe headache
severity was the only outcome measure in
which a consistent treatment effect was not
observed for both headache day responders and
nonresponders. While onabotulinumtoxinA-
treated nonresponders showed a greater reduc-
tion in moderate-to-severe headache days
compared with patients randomized to placebo,
this differential effect was not observed for
responders. This could represent a possible
ceiling effect, could be due to the closeness of
the two outcomes (headache days and moder-
ate-to-severe headache days), or the outcome
measure, which uses a definition of pain that is
at least moderate severity at any point, may not
be sensitive enough to enable observation of
differences between groups because it does not
account for the total duration of moderate or
severe pain. Within each treatment group, rates
of AEs, TRAEs, and serious AEs did not differ
between responders and nonresponders.
OnabotulinumtoxinA-treated nonresponders

had the highest incidence of discontinuations
due to AEs (5.0%) among the four subgroups.

Previous analyses of the pooled PREEMPT
population showed a significant treatment
effect at 24 weeks on HIT-6 total scores, fre-
quency of headache days, and moderate-to-
severe headache days [9]. The proportion of
patients achieving at least a 50% reduction from
baseline in monthly headache days was also
reported in the overall PREEMPT population,
and is a widely used outcome measure to
quantify the efficacy of a preventive treatment
[9]. The current analysis shows that even
patients who fail to meet ‘‘responder’’ status
with respect to a reduction in headache days
experience some quantifiable treatment benefit
from onabotulinumtoxinA. These findings
underscore the importance of preventive treat-
ment with onabotulinumtoxinA for patients
with CM, as significant benefits are achieved
early and sustained over time, even in patients
who fail to achieve the traditional response of at
least a 50% reduction from baseline in headache
days. Using the PREEMPT injection protocol for
preventive treatment may also benefit patients
with other chronic, difficult-to-treat headache
disorders that are refractory to other
treatments [18].

CM is a complex disease whose burden can-
not be fully captured by a count of headache
days; therefore, treatment decisions should not
be based solely on that outcome. To this end,
the European Headache Federation guidelines
recommend continued use of onabotulinum-
toxinA for patients with a headache day reduc-
tion of C 30% in addition to consideration of
headache intensity, disability, and patient
preferences as well as continuing treatment for
at least 2 to 3 treatment cycles before labeling a
patient as nonresponsive [19]. Consistent with
these guidelines, a quarter of Italian headache
physicians surveyed believed that patients
achieving a C 30% reduction in headache days
were considered responders (instead of C 50%
reduction), and 40% of these clinicians believed
that more than 4 treatment cycles were required
before classifying a patient as a nonresponder
[20]. Also supporting this guidance, a real-world
study demonstrated that patients who do not
achieve a 50% reduction in headache days by
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the third onabotulinumtoxinA treatment cycle
still exhibit improvements in disability and
headache-related impact [21]. However, the
outcomes measured may also impact the per-
ception of treatment response, as a prospective
study of patients with CM conducted in Spain
showed that migraine-associated disability was
more closely related to headache pain intensity
than to headache frequency [22]. These vali-
dated patient-reported outcome measures pro-
vide meaningful information to guide
treatment decisions.

These findings also support the value of
assessing nontraditional efficacy measures in
clinical trials, as such assessments can help to
elucidate meaningful benefits of treatment and
they align with the IHS recommendations [12].
In a clinical trial that evaluated the efficacy and
safety of the calcitonin gene–related peptide
receptor monoclonal antibody erenumab for
the treatment of patients with episodic
migraine (Study to Evaluate the Efficacy and
Safety of Erenumab [STRIVE; NCT02456740]),
results on nonstandard efficacy measures,
including the Migraine Disability Assessment
Questionnaire, HIT-6, and MSQv2.1, demon-
strated the significant benefits of preventive
treatment vs. placebo (all patients) [23]. A post
hoc responder analysis of the STRIVE data used
a responder definition similar to that used in
the current analysis (at least a 50% reduction in
monthly migraine days instead of headache
days) [24]. The authors showed that responders
to preventive treatment achieved greater
improvements compared with nonresponders,
as measured by the Migraine Physical Function
Impact Diary domain scores for everyday activ-
ity and physical impact. Although improve-
ments from baseline were reported on outcome
measures in nonresponders, no comparisons
with placebo nonresponders were reported, as
was done in the PREEMPT analyses [24].

Limitations of the PREEMPT1 and PRE-
EMPT2 studies and pooled analysis of both
PREEMPT studies have been discussed in previ-
ous publications [7–9]. These include the lack of
an active comparator (no approved comparator
was available at the time of the studies) and the
relatively high placebo response rates, and these
limitations also apply to the current analysis.

For this responder subgroup analysis, it may be
argued that this exploratory post hoc analysis
may not have the reliability and statistical
power to make appropriate inferences. How-
ever, although these findings are supportive of
the primary analysis between treatment arms,
we believe these subgroups have never been
analyzed before and, therefore, they have
important clinical relevance on treatment
decisions/modifications beyond considering
only headache days.

CONCLUSIONS

OnabotulinumtoxinA treatment was associated
with significantly greater improvements com-
pared with placebo in days with moderate-to-
severe headache, headache-related impact, and
quality of life in both headache day responders
and nonresponders, as typically defined by an
arbitrary and binary cutoff of at least a 50%
reduction in headache days [11]. These results
support a treatment benefit for onabo-
tulinumtoxinA in CM at 24 weeks that may
not be fully captured by the observed reduc-
tion in headache days and is not confined to
responder groups. Thus, when evaluating
treatment, practitioners and payers should
consider relevant outcomes to determine clin-
ically meaningful responses. As the current
data show, patients with CM who fail to
achieve the traditional headache day response
may still benefit from treatment.
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