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Abstract

Background: The Phase 3 REsearch Evaluating Migraine Prophylaxis Therapy (PREEMPT) trials demonstrated efficacy/

tolerability of onabotulinumtoxinA for headache prevention in adults with chronic migraine. This post hoc analysis

assessed time of onset of onabotulinumtoxinA after the first treatment in total and responder populations and consist-

ency weekly through five treatment cycles.

Methods: In the 24-week, double-blind, placebo-controlled phase of PREEMPT, individuals were randomized 1:1 to

onabotulinumtoxinA (155-195 U) or placebo every 12 weeks for two cycles. The primary pooled efficacy variable was

change in headache days per 28 days at week 24. We assessed change in headache and migraine/probable migraine

(hereafter migraine) days/week compared with baseline week 4.

Results: Baseline mean (SD) headache days/week (week 4 of baseline) for onabotulinumtoxinA (n¼ 688) and placebo

(n¼ 696) were similar (4.8 [1.6] vs. 4.8 [1.6] days/week, respectively), as were migraine days/week (4.6 [1.7] vs. 4.6 [1.7]

days/week). The effect of onabotulinumtoxinA on change in headache and migraine days/week was significantly greater

than placebo at week 1, persisting from week 3 after the first treatment (�1.6 [2.2] vs. �1.1 [2.2] headache days/week

[ p< 0.001] and �1.6 [2.2] vs. �1.1 [2.2] migraine days/week [ p< 0.001]). Headache and migraine days decreased in

onabotulinumtoxinA responders beginning 1 week after treatment 1.

Conclusions: Treatment with onabotulinumtoxinA is associated with significant reductions in headache and migraine

days/week at week 1, persisting after week 3, compared with placebo. Combined with earlier reports showing

onabotulinumtoxinA treatment results in a persistent and progressive reduction in headache days over 56 weeks, it is

suggested peak benefit may require multiple treatments.

Trial registration number: ClinicalTrials.gov: NCT00156910 and NCT00168428.

Keywords

Botulinum toxin type A, onset of action, patients with migraine, headache

Date received: 2 October 2018; revised: 11 December 2018; accepted: 26 December 2018

Introduction

Chronic migraine (CM) is a distinct neurologic disease
affecting approximately 1–2% of the global population
(1). Individuals with CM experience� 8 migraine days
per month and� 15 headache days per month (2). It is
differentiated from episodic migraine by its more debil-
itating disease profile, including but not limited to
greater frequency of headache and migraine days (2)
and greater prevalence of comorbid conditions such
as chronic pain disorders, anxiety and depression (3).
These disabling migraine attacks prevent individuals
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with CM from performing daily activities and signifi-
cantly affect their quality of life if not adequately man-
aged (4).

It is recommended that preventive medications be
used alongside acute treatments and nonpharmacologic
interventions for the management of headache in people
with CM (5–7). Treatment guidelines mirror clinical
practice and typically recommend onabotulinumtoxinA
for adults with CM who have not responded to oral
preventive treatments (5). However, adherence to trad-
itional oral preventive treatments is typically poor (8),
particularly among patients with CM (9). Individuals
report a range of reasons for discontinuing preventive
medications, including resolution of headaches (approxi-
mately 10%), lack of efficacy (approximately 40%),
adverse effects (approximately 40%), and cost (approxi-
mately 5–10%) (9).

The Phase 3 REsearch Evaluating Migraine
Prophylaxis Therapy (PREEMPT) trials comprised two
phase 3, 24-week (two treatment cycles), double-blind,
parallel-group, randomized, placebo-controlled trials,
each with 32-week (three treatment cycles) open-label,
non-blinded onabotulinumtoxinA extension phases
(10–12). In the double-blind phase, adults with CM
were randomized to receive either onabotulinumtoxinA
155 to 195 U or placebo every 12 weeks, with the change
in frequency of headache days (11) from baseline at week
24 as the primary or secondary efficacy outcome. The
PREEMPT trials demonstrated the efficacy and safety
of onabotulinumtoxinA over 56 weeks (13), supporting
the approval of this treatment for the prevention of head-
ache in adults with CM (14). Subsequently, the Chronic
migraine OnabotulinuMtoxinA Prolonged Efficacy open
Label (COMPEL) study has supported and extended
the findings of the PREEMPT trials by assessing the
efficacy and safety of onabotulinumtoxinA over nine
treatment cycles (108 weeks) (15), demonstrating that
onabotulinumtoxinA treatment is well tolerated and pro-
vides sustained headache day reduction with long-term
use (16). Results from real-world studies also demon-
strate that onabotulinumtoxinA is effective and well tol-
erated, with progressive improvements in headache
prevention observed over 1 to 2 years of treatment (17).

Oral generic preventive medications for migraine
often require a period of dose escalation and should
be continued for a period of 2–3 months before treat-
ment response is assessed (7). Recently, it has been
reported that injectable monoclonal antibodies used
for migraine have a more rapid onset of effect, with
efficacy observed within a week of subcutaneous
administration (18–20). The time to the first onset of
the preventive benefits of onabotulinumtoxinA has not
been explored. This analysis of PREEMPT data has
been undertaken to identify the time to onset of
action of onabotulinumtoxinA after the first treatment

and the consistency of that action over five treatment
cycles.

Methods

Study design and study participants

The PREEMPT trials are a pair of randomized,
double-blind, placebo-controlled 24-week trials, each
followed by a 32-week open-label phase. The study
design has been previously described in detail (10,11),
and will be briefly summarized here for context.

PREEMPT 1 was undertaken at 56 North American
sites; adult patients with CM (� 15 headache days of
� 4 hours during the 28-day baseline screening period,
with � 50% of the days being migraine/probable
migraine days [hereafter referred to as migraine days])
were randomized in a 1:1 ratio to onabotulinumtoxinA
or placebo, stratified by baseline medication overuse
(10). OnabotulinumtoxinA 155 U or placebo was
administered in 31 fixed-site, fixed-dose injections,
with investigators having discretion to inject a further
40 U using a follow-the-pain strategy to a maximal
dose of 195 U across 39 sites. Two cycles of treat-
ment were administered during the double-blind
phase of the trial. Patients were excluded if they
used any preventive headache medication during the
baseline screening period; patients with acute medica-
tion overuse were eligible for study enrollment
unless they frequently used opioids as their acute
headache medication. Patients recorded their head-
ache symptoms and acute treatments via a daily tele-
phone diary. Patients completing the double-blind
phase were then eligible to continue in the 32-week
open-label phase and received three cycles of
onabotulinumtoxinA 155 to 195 U (13).

PREEMPT 2 had a similar study design and was
undertaken at 66 global sites, and was also followed
by a 32-week open-label phase (11). For both trials,
Independent Ethics Committee or Institutional
Review Board approval was obtained at each site
prior to study initiation, and patients provided written
informed consent.

Efficacy and safety measures

In PREEMPT 1, the primary endpoint was the mean
change from the 28-day baseline period in frequency of
headache attacks for the 28-day period ending at week
24 (10). Change in headache days at week 24 from base-
line was the most important secondary efficacy measure
(10). Subsequently, and partially in response to guid-
ance issued by the International Headache Society (21),
the primary endpoint for PREEMPT 2 was change in
headache days from baseline (11). Thus, the mean
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change from baseline in headache days and migraine
days assessed over the 28-day period ending at week
24 were the key efficacy endpoints for this analysis.
A headache day was defined as any calendar day
(00:00 to 23:59) when the patient reported � 4 continu-
ous headache hours; to be classified as a migraine or
probable migraine day, the patient had to report � 4
continuous headache hours that met the International
Classification of Headache Disorders II criteria (22) for
migraine (1.1 Migraine without aura, 1.2 Migraine with
aura, or 1.6 Probable migraine) (10). Safety and toler-
ability were also assessed in all randomized patients
who received � 1 dose of study treatment.

Onset of effect. To assess the timing of the onset of
effect, this post hoc analysis of the PREEMPT data
compared the frequency of headache days and migraine
days over each 7-day period for the 4 weeks after
each treatment with the frequency at baseline week 4
(the week immediately before the first treatment).
Although all four baseline weeks are used to determine
the pre-treatment baseline in most trials, given that the
follow-up intervals were each 1 week long, the last week
of the baseline pre-treatment run-in phase was selected
as the reference. In addition, the timing of the onset of
effect on headache days and migraine days was assessed
in those individuals receiving onabotulinumtoxinA who
had a � 50% reduction in headache days versus base-
line at week 24 ( � 50% headache day responders) to
better understand the timing of effect in the responder
population.

Statistical analysis

This was a pooled analysis of data from PREEMPT
1 and PREEMPT 2. Efficacy analyses included all
randomized patients. In the primary analyses, missing
counts of days for the 28-day periods were imputed
using a modified last observation carried forward
(mLOCF) methodology (10,11). For the analyses
reported herein, data were based on 7-day diary
data and only observed data were used. If patients
had recorded � 5 days and< 7 days of diary data,
data were pro-rated to a 7-day count for use in the
analyses.

Change from baseline was calculated using baseline
week 4 values as the baseline period (i.e. the 7-day
period immediately before the first treatment).
Between-treatment comparisons were assessed using
analysis of covariance (ANCOVA) with the baseline
week 4 values used as the covariate for each post-treat-
ment 7-day period. The main effects in the ANCOVA
included treatment and medication overuse strata, and
the type III sum of squares was used. p values� 0.05
were considered statistically significant.

Results

Patient disposition and demographics

A total of 679 patients were randomized to
onabotulinumtoxinA (n¼ 341) or placebo (n¼ 338) in
PREEMPT 1 (10) and 705 (onabotulinumtoxinA,
n¼ 347; placebo, n¼ 358) in PREEMPT 2 (11), for a
total of 1384 patients (onabotulinumtoxinA, n¼ 688;
placebo, n¼ 696) (12,13). Compliance with reporting
daily diary data was high at baseline (> 99%) and
across the 24-week period (> 93%) for both treatment
groups in PREEMPT 1 (10) and PREEMPT 2 (11), and
consequently in the pooled population (12). As
reported previously, the baseline demographics of treat-
ment groups were similar (Table 1), except that the
onabotulinumtoxinA group in the pooled population
had significantly fewer headache attacks and migraine
attacks than did the placebo group (12,13). However,
there were no significant differences between the treat-
ment groups for the variables of interest in the current
analysis (i.e. headache days and migraine days).
Furthermore, across the pooled population, the mean
(SD) headache days (19.9 [3.7] days/28-day period)
were similar to the mean (SD) migraine days (19.1
[4.0] days/28-day period), suggesting that most head-
ache days qualified as migraine days.

Efficacy results

The previously reported pooled analysis from the
PREEMPT studies demonstrated significant reductions
in headache days per 28-day period at the primary
study endpoint of 24 weeks, but also at other time
points as early as 4 weeks (12). Time points earlier
than 4 weeks have not previously been explored.

Reduction in headache days. In pooled PREEMPT data,
the mean (SD) headache days at baseline week 4 (the
week immediately pre-treatment) were 4.8 (1.6) days/
week for both the onabotulinumtoxinA and the pla-
cebo populations. At week 1 after the first treatment,
onabotulinumtoxinA was associated with a statistic-
ally greater mean (SD) reduction than placebo in
headache days per week compared with the week
before the first treatment (�0.9 [2.2] days/week
versus –0.7 [2.1] days/week for onabotulinumtoxinA
and placebo, respectively; p¼ 0.046), and persisting
from week 3 after the first treatment. At week 3, the
mean (SD) number of headache days decreased by
�1.6 (2.2) days/week among onabotulinumtoxinA
recipients versus �1.1 (2.2) days/week for placebo
(p< 0.001; Figure 1(a)); at week 4 the reduction
was �1.6 (2.2) days/week for those receiving
onabotulinumtoxinA versus �1.2 (2.2) days per week
for those on placebo (p< 0.001).
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Figure 1. Change in mean (SE) weekly (a) headache days and (b) migraine days in the pooled population for the first 4 weeks after

the initial treatment with onabotulinumtoxinA 155 to 195 U or placebo.

Week �1: baseline week 4.

*p< 0.05 for between treatment group comparisons with week �1.
yp< 0.01 for between treatment group comparisons with week �1.
zp< 0.001 for between treatment group comparisons with week �1.

Table 1. Baseline patient demographics and headache characteristics.

Pooled population

OnabotulinumtoxinA

(n¼ 688)

Placebo

(n¼ 696)

Mean age, years 41.1 41.5

Female, % 87.6 85.2

White, % 89.7 90.5

Medication overuse during 28-day baseline period, % 64.8 66.1

Mean (SD) headache metrics for 28-day baseline period

Headache days 19.9 (3.7) 19.8 (3.7)

Migraine days 19.1 (4.0) 18.9 (4.1)

Mean (SD) headache metrics for 7-day period

immediately before the first treatment

Headache days 4.8 (1.6) 4.8 (1.6)

Migraine days 4.6 (1.7) 4.6 (1.7)

Migraine: migraine/probable migraine days.
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The frequency of headache days continued to
decrease after week 3 after the first treatment and per-
sisted over five treatment cycles, as seen in pooled data
of all treatment cycles. Pooled data demonstrated that
onabotulinumtoxinA was associated with a signifi-
cantly greater change in mean (SD) headache day fre-
quency compared with the week before the first
treatment (baseline week 4) than did placebo (�1.9
[2.3] vs. �1.5 [2.3] days/week; p< 0.001) at week 1
after the second treatment and that this effect was sus-
tained from week 3 (Figure 2(a)).

Reduction in migraine days. In the pooled PREEMPT
data, the mean (SD) migraine days at baseline
week 4 were 4.6 (1.7) days/week for both the

onabotulinumtoxinA and the placebo populations.
OnabotulinumtoxinA was associated with a statistically
greater reduction than placebo in mean (SD) migraine
days per week compared with baseline week 4, which
was first observed at week 1 after the first treatment
(�1.0 [2.4] vs. �0.7 [2.2] days/week; p¼ 0.031), persist-
ing from week 3 after the first treatment. At week 3,
onabotulinumtoxinA reduced the mean (SD) number
of migraine days by �1.6 (2.3) days/week versus �1.1
(2.2) days/week for placebo (p< 0.001; Figure 1(b)); at
week 4 the reduction was �1.6 (2.2) days/week for
those receiving onabotulinumtoxinA and �1.1 (2.2)
for those receiving placebo (p< 0.001).

The frequency of migraine days continued to
decrease after week 3 of the first treatment cycle and
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Figure 2. Change in mean (SE) weekly (a) headache days and (b) migraine days for the pooled population for the first 4 weeks after

all five treatments with onabotulinumtoxinA 155 to 195 U or placebo/onabotulinumtoxinA.

*p< 0.05 for between treatment group comparisons with week �1.
yp< 0.01 for between treatment group comparisons with week �1.
zp< 0.001 for between treatment group comparisons with week �1.
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persisted over five treatment cycles. Pooled data
demonstrated that onabotulinumtoxinA was associated
with a significantly greater change than did placebo in
migraine day frequency compared with baseline week 4
(�1.9 [2.4] vs. �1.4 [2.3] days/week; p< 0.001) at
week 1 post-treatment 2; the difference in favor of
onabotulinumtoxinA persisted throughout the five
treatment cycles (Figure 2(b)).

Effect in � 50% responders

Reduction in headache days. In the subgroup of 308
patients (44.8%) who were � 50% headache day
responders to onabotulinumtoxinA at week 24 based
on mLOCF methodology, the mean (SD) headache
days at baseline week 4 were 4.6 (1.5) days/week.
Among 50% responders, onabotulinumtoxinA was
associated with a mean (SD) reduction in headache
days per week compared with baseline week 4 (the
week before the first treatment) of �1.8 (2.0) days/
week during week 1 versus �0.9 (2.2) days/week
during week 1 for all onabotulinumtoxinA patients.
The mean (SD) number of headache days per week
decreased for each subsequent week in � 50% headache
day responders by �2.2 (2.2) days/week versus �1.1
(2.2) days/week (overall) during week 2, �2.6 (2.0)
days/week versus �1.6 (2.2) days/week (overall)
during week 3 and �2.7 (2.0) days/week versus �1.6
(2.2) days/week (overall) during week 4 (Table 2).
Differences were more pronounced between � 50%
headache day responders and those who were non-
responders at week 24, because the overall group
included the responders.

Similar patterns of an increasing reduction in head-
ache days were observed in � 50% headache day
responders after treatment 2 (�3.2 days/week during
week 1 to �3.5 days/week during week 4) to treatment
4 (�3.9 days/week during week 1 to �4.2 days/week
during week 4); however, by treatment 5 the increased
reduction in headache days over the first four weeks
after treatment was relatively constant (�4.4 days/
week during week 1 and �4.3 days/week during
week 4). For comparison, the non-responders at week
24 reported less reduction in headache days after treat-
ment 2 (�1.5 to �1.7 days during weeks 1 to 4),
after treatment 4 (�2.1 to �2.5 days during weeks 1
to 4), and after treatment 5 (�2.6 to �2.9 during
weeks 1 to 4).

Placebo responders, by definition, started the open
label component of the study with a greater reduction
in headache days per week than placebo non-respon-
ders (Figure 3(a)). OnabotulinumtoxinA treatment
initiated in these patients from cycle 3 onwards was
associated with a similar further reduction in headache
days per week from baseline (week �1) at weeks 1 to 4
after treatment cycles 3, 4 and 5 in both placebo respon-
ders and placebo non-responders.

Reduction in migraine days. In the subgroup of patients
who were � 50% headache day responders to
onabotulinumtoxinA at week 24, the mean (SD)
migraine days at baseline week 4 were 4.4 (1.6) days/
week. Among 50% responders, onabotulinumtoxinA
was associated with a mean (SD) reduction in migraine
days per week compared with baseline week 4 (the week
before the first treatment) of �1.4 (2.3) days/week
during week 1 versus �1.0 (2.4) days/week during

Table 2. Effect of onabotulinumtoxinA on headache days and migraine days per week in patients who were� 50% headache day

responders and non-responders at week 24 and the overall onabotulinumtoxinA population.

Week after treatment one

� 50% headache day responders

at week 24 (n¼ 308)

Headache day non-responders

at week 24 (n¼ 380)

Overall onabotulinumtoxin

A population (n¼ 688)

Change in headache days/week, mean (SD)*

1 �1.8 (2.0) �0.8 (2.2) �0.9 (2.2)

2 �2.2 (2.2) �0.9 (2.1) �1.1 (2.2)

3 �2.6 (2.0) �1.4 (2.1) �1.6 (2.2)

4 �2.7 (2.0) �1.3 (2.2) �1.6 (2.2)

Change in migraine days/week, mean (SD)y

1 �1.4 (2.3) �0.6 (2.3) �1.0 (2.4)

2 �1.7 (2.2) �0.7 (2.1) �1.2 (2.3)

3 �2.2 (2.2) �1.1 (2.2) �1.6 (2.3)

4 �2.2 (2.1) �1.0 (2.2) �1.6 (2.2)

Migraine: migraine/probable migraine days.

*Compared with headache days at baseline week 4.
yCompared with migraine days at baseline week 4.
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week 1 for all onabotulinumtoxinA recipients. The
mean (SD) number of migraine days per week
decreased for each subsequent week in � 50% headache
day responders by �1.7 (2.2) days/week versus �1.2
(2.3) days/week (overall) during week 2, �2.2 (2.2)
days/week versus �1.6 (2.3) days/week (overall)
during week 3 and �2.2 (2.2) days/week versus �1.6
(2.2) days/week (overall) during week 4 (Table 2).
Differences were more pronounced between � 50%
headache day responders and those who were non-
responders at week 24, because the overall group
included the responders.

Similar patterns of an increasing reduction in
migraine days were observed in � 50% headache day
responders after treatment 2 (�2.7 days/week during
week 1 to �2.9 days/week during week 4) to treatment
4 (�3.4 days/week during week 1 to �3.6 days/week
during week 4); however, by treatment 5 the increased
reduction in migraine days over the first four
weeks after treatment was relatively constant

(�3.9 days/week during the first week and �3.8 days/
week during the fourth week). For comparison, the
non-responders at week 24 reported less reduction in
migraine days after treatment 2 (�1.1 to �1.3 days
during weeks 1 to 4), after treatment 4 (�1.7 to �2.0
days during weeks 1 to 4), and after treatment 5 (�2.1
to �2.4 during weeks 1 to 4).

Treatment with onabotulinumtoxinA was associated
with a similar further reduction from baseline (week
�1) in migraine days/week from cycle 3 in placebo
responders and placebo non-responders (Figure 3(b)).

Discussion

This onset of effect analysis of the change in headache
days per week and migraine days per week during the
first 4 weeks after treatment compared with the week
immediately before the first treatment found that the
effect of onabotulinumtoxinA was significantly superior
to placebo as early as week 1, and that the difference
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Figure 3. Change in mean (SE) weekly (a) headache days and (b) migraine days for the placebo responders and non-responders for

the first 4 weeks after each of the three treatments with onabotulinumtoxinA 155 to 195 U in the open-label phase of the trial.
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was sustained starting at week 3 after the first treat-
ment. In those who were � 50% headache day respon-
ders at week 24, a reduction in headache and migraine
days was observed to have an approximately twofold
greater magnitude of reduction from the first week
post-injection, compared with the headache day non-
responders, which may be an important consideration
for healthcare professionals when communicating the
potential treatment benefit of onabotulinumtoxinA
for CM to their patients. There appeared to be no
difference in the response to onabotulinumtoxinA in
placebo responders and placebo non-responders.

Although the efficacy of onabotulinumtoxinA
has been typically assessed over 4-week intervals
(12,15,23,24), our findings are consistent with clinical
experience that many patients report a reduction in
headache and migraine days as well as reductions in
headache and migraine severity earlier than week 4
after the first treatment. The design of preventive
trials in migraine, in particular the recommended
3-month treatment period, has largely been informed
by the time of onset of traditional oral medications
(21) that typically require gradual dose escalation
and, thus, are associated with a delayed onset of
action (7). In contrast, our findings demonstrate that
onabotulinumtoxinA produces statistically significant
benefit at 1 week post treatment. While the early
between-group difference was modest (0.2–0.3 migraine
days per week), by weeks 3 and 4 the difference of 0.5
migraine days per week (0.4–0.5 headache days per
week), when considered cumulatively, met the clinically
meaningful threshold of a reduction of one headache
day per month (25). Further, the absolute magnitude of
response in the treatment group is the most important
to determine clinical relevance since, in clinical practice,
the integration of and response to a therapy is not atte-
nuated by placebo. A reduction of approximately one
headache day per week versus baseline in the first week
after treatment is likely to be clinically meaningful to
patients. The failure to detect a significant difference in
week 2 could be related to the natural fluctuation in
headache frequency in the CM population (26).

Although a rapid onset of effect is important, it is
equally important that the effect persists and is consist-
ent. In addition to demonstrating the early onset of
effect of onabotulinumtoxinA treatment, our results
also complement growing clinical evidence indicating
that multiple treatment cycles may be necessary to
achieve a consistent benefit and optimal results
(27–30). As observed in the pooled data over five treat-
ment cycles, onabotulinumtoxinA patients achieved a
more consistent pattern in the reduction of headache
day frequency and migraine days by the third treatment
cycle, eliminating most of the variability observed in
week 1 and 2 of the first two treatment cycles, whereas

placebo patients who have been switched to
onabotulinumtoxinA at the third treatment mimic the
variance observed in onabotulinumtoxinA patients in
the first two cycles. Of further note is the cumulative
response to multiple cycles of treatment, once again
highlighting the value of patient adherence to the
long-term outcome of preventive treatment. The earlier
pooled analysis over the entire 56-week PREEMPT
trial period found that onabotulinumtoxinA was asso-
ciated with a mean reduction in headache days from
baseline of �8.4 days/28-day period at week 24,
increasing to �11.7 days/28-day period at week 56
(13). Further, the proportion of individuals in the
PREEMPT trials first experiencing a � 50% headache
day response continued to increase over the first
three treatment cycles (first treatment cycle, 49.3%;
second treatment cycle, 11.3%; third treatment
cycle, 10.3%), highlighting the need to persist with
onabotulinumtoxinA treatment for three cycles to
determine responsiveness (31).

An early reduction in the frequency of headache
days and/or migraine days may contribute to improved
adherence for preventive treatment. Despite preventive
treatment being key to achieving optimal outcomes for
individuals with CM (32), claims database studies dem-
onstrate poor adherence, with over two-thirds of
patients non-adherent to current oral preventive treat-
ments (e.g. topiramate, beta-blockers) after 6 months
(8). Improvement in adherence to preventive medica-
tions, as a result of increased efficacy and tolerability,
along with education, avoidance of migraine triggers,
and lifestyle modification, is key to improving out-
comes for individuals with migraine, and may also
result in a reduction in the use of healthcare resources
(8). A well–tolerated and effective preventive medica-
tion with a simple regimen and an early onset of action
may improve adherence and consequently patient
outcomes. With its physician administration cycle of
every 12 weeks and well-tolerated safety profile,
onabotulinumtoxinA offers a treatment option that
has been demonstrated to have better adherence to
commonly prescribed traditional oral preventives and
to be a successful treatment for individuals who have
poor compliance or adherence to traditional oral pre-
ventives or do not tolerate them (33).

Study limitations

In this analysis of the PREEMPT study data, we com-
pared post-treatment 7-day periods with the week
immediately before the first treatment. We could have
alternatively presented an average of the baseline
period as the reference point, or the first week of the
baseline period. Regardless of the approach, the differ-
ences in baseline data between the onabotulinumtoxinA

952 Cephalalgia 39(8)



and placebo groups were minimal. For example, for
headache days per week, using baseline week 4,
onabotulinumtoxinA and placebo groups both had a
mean of 4.8 days/week; averaging across the four base-
line weeks, both treatment groups had a headache fre-
quency of 4.9 days/week; and for week 1, both
treatment groups had a headache frequency of 5.2
days/week. Arguably, using baseline week 4 was the
most conservative approach because the headache
days and migraine days were lower than for the alter-
native approaches.

As a post hoc analysis, the endpoints of headache
and migraine day reduction per week for weeks 1 to 4
post treatment were not pre-specified. Therefore, the
results of our analyses must be interpreted with cau-
tion. Nonetheless, the headache and migraine day
reductions observed after the first treatment cycle in
pooled data from the double-blind phase of the
PREEMPT trials align with clinical experience, sug-
gesting our findings are robust and clinically relevant.

Furthermore, the consistency of headache and migraine
reduction over the entire 56-week study period also
supports the robustness of the data.

Conclusions

OnabotulinumtoxinA treatment significantly reduced
headache days per week and migraine days per week
as early as week 1, persisting after week 3 after the
first treatment compared with placebo. Headache days
and migraine days were further reduced after the second
and subsequent treatments. The greater magnitude of
reductions in � 50% headache day responders was
observed from week 1 after the first treatment. Despite
the early onset of effect of onabotulinumtoxinA, data
from the PREEMPT and other clinical studies in com-
bination with clinical experience strongly suggest that it
may take at least two to three treatments to determine
responsiveness and peak benefit may require multiple
treatments.

Clinical implications

. OnabotulinumtoxinA is associated with an early and sustained onset of action of starting from 3 weeks after
the first treatment.

. Headache day responders had a greater reduction in headache and migraine days as early as week 1 after the
first treatment than observed among all onabotulinumtoxinA recipients as a whole.

. For preventive treatment, it is equally important that the beneficial effect persists and is consistent.

. It may take at least two to three treatments to determine responsiveness to onabotulinumtoxinA and peak
benefit may require multiple treatments.

Acknowledgements

Editorial support for development of this manuscript was

provided by Lee B Hohaia, PharmD, at Complete
Healthcare Communications, LLC (North Wales, PA,
USA), a CHC Group company, and funded by Allergan plc
(Dublin, Ireland).

Declaration of conflicting interests

The authors declared the following potential conflicts of inter-
est with respect to the research, authorship, and/or publica-
tion of this article: David W Dodick has received

compensation for serving on advisory boards and/or consult-
ing within the past 5 years for: Allergan, Amgen, Alder,
Arteaus, Axsome, Novartis, Satsuma, Impel, Theranica, ZP

Opco, Oppenheimer, Pfizer, CoLucid, Merck, NuPathe, Eli
Lilly and Company, Autonomic Technologies, Ethicon J&J,
Zogenix, Supernus, Labrys, Boston Scientific, Medtronic, St

Jude, Bristol�Myers Squibb, Lundbeck, Impax, MAP,
ElectroCore, Tonix, Novartis, Teva, Alcobra, Zosano, ZP,
Opco, Insys, Ipsen, Acorda, eNeura, Charleston

Laboratories, Gore, Biohaven, Biocentric, Magellan,
Theranica, Xenon, and Dr. Reddy’s/Promius Pharma,
Vedanta, CC Ford West Group, Axsome, Neurolief,

Satsuma, Impel, and Foresight. Dr Dodick owns equity in
Aural Analytics, Epien, GBS/Nocira, Second Opinion,
Healint, Matterhorn/Ontologics, King-Devick Technologies,
and Theranica. Dr Dodick has received funding for travel,

speaking, editorial activities, or royalty payments from
IntraMed, SAGE Publishing, Sun Pharma, Allergan,
Oxford University Press, Cambridge University Press,

Wolters Kluwer, American Academy of Neurology,
American Headache Society, West Virginia University
Foundation, Canadian Headache Society, HealthLogix,

Universal Meeting Management, WebMD, UptoDate,
Medscape, Oregon Health Science Center, Albert Einstein
University, University of Toronto, University of British
Columbia, Starr Clinical, Decision Resources, Synergy,

MedNet LLC, Peer View Institute for Medical Education,
Medicom, Medlogix, Mednet, Wolters Kluwer Health,
Chameleon Communications, Academy for Continued

Healthcare Learning, Haymarket Medical Education,
Global Scientific Communications, Miller Medical,
MeetingLogiX, Medscape/WebMD, and Wiley Blackwell.

Dr Dodick, through his employer, has consulting use agree-
ments with Neuro Assessment Systems and Myndshft. He
holds board of director positions with King�Devick

Technologies, Aural Analytics, Matterhorn/Ontologics and

Dodick et al. 953



Epien Inc. He holds Patent 17189376.1�1466:v Title:
Botulinum Toxin Dosage Regimen for Chronic Migraine
Prophylaxis (no compensation). Stephen D Silberstein, as a

consultant and/or advisory panel member, has received hon-
oraria from Alder Biopharmaceuticals, Allergan, Amgen,
Avanir Pharmaceuticals, electroCore Medical, eNeura Inc,
Dr Reddy’s Laboratories, NINDS, Medscape LLC, Teva

Pharmaceuticals, Supernus Pharmaceuticals Inc, and
Theranica. His employer has received research support from
Allergan, Amgen, Dr Reddy’s Laboratories, electroCore

Medical Inc., Labrys Biologics, Eli Lilly and Company, and
Supernus Pharmaceuticals. Richard B Lipton serves on the
editorial boards of Neurology and Cephalalgia and as senior

advisor to Headache. He has received research support from
the NIH. He also receives support from the Migraine
Research Foundation and the National Headache

Foundation. He has reviewed for the NIA and NINDS and
serves as a consultant or advisory board member or has
received honoraria from Alder, Allergan, Amgen,
Autonomic Technologies, Avanir, Biohaven, Biovision,

Boston Scientific, Dr. Reddy’s Laboratories, ElectroCore,
Eli Lilly, eNeura Therapeutics, GlaxoSmithKline, Merck,
Novartis, Pernix, Pfizer, Supernus, Teva, Trigemina,

Vedanta, and Vector. He receives royalties from Wolff’s
Headache (8th Edition, Oxford University Press), Informa,
and Wiley. He holds stock options in eNeura Therapeutics

and Biohaven. Ronald E DeGryse and Aubrey Manack
Adams are employees of Allergan plc and hold stock in the
company. Hans�Christoph Diener has received honoraria
for participation in clinical trials and contribution to advisory

boards or oral presentations from Addex Pharma, Alder,
Allergan, Almirall, Amgen, Autonomic Technology,
AstraZeneca, Bayer Vital, Berlin Chemie, Boehringer

Ingelheim, Bristol�Myers Squibb, Chordate, Coherex,
CoLucid, electroCore, GlaxoSmithKline, Grunenthal, Ipsen,
Janssen�Cilag, Johnson & Johnson, Labrys Biologicals,

Lilly, La Roche, 3M, Medica, Medtronic, Menarini,
Minster, MSD, Neuroscore, Novartis, Pierre Fabre, Pfizer,
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