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Abstract
Objectives: This is the second of a pair of studies designed to evaluate the efficacy and safety of onabotulinumtoxinA
(BOTOXÕ ) for prophylaxis of headaches in adults with chronic migraine.
Methods: PREEMPT 2 was a phase 3 study, with a 24-week, double-blind, placebo-controlled phase, followed by a
32-week, open-label phase. Subjects were randomized (1:1) to injections of onabotulinumtoxinA (155U–195U;
n ¼ 347) or placebo (n ¼ 358) every 12 weeks for two cycles. The primary efficacy endpoint was mean change in
headache days per 28 days from baseline to weeks 21–24 post-treatment.
Results: OnabotulinumtoxinA was statistically significantly superior to placebo for the primary endpoint, frequency of
headache days per 28 days relative to baseline (9.0 onabotulinumtoxinA/6.7 placebo, p < .001). OnabotulinumtoxinA
was significantly favoured in all secondary endpoint comparisons. OnabotulinumtoxinA was safe and well tolerated, with
few treatment-related adverse events. Few patients (3.5% onabotulinumtoxinA/1.4% placebo) discontinued due to
adverse events.
Conclusions: The results of PREEMPT 2 demonstrate that onabotulinumtoxinA is effective for prophylaxis of headache in
adults with chronic migraine. Repeated onabotulinumtoxinA treatments were safe and well tolerated.
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Introduction
Chronic migraine (CM) is a disabling complex neurological disorder recognized as a complication of
migraine in the the International Classiﬁcation of
Headache Disorders, second edition (ICHD-II) (1).
Patients with CM experience headache on 15 days
per month, of which at least eight headache days per
month meet criteria for migraine without aura or
respond to migraine-speciﬁc treatment (2). CM is associated with signiﬁcant disability and reduced
health-related quality of life (HRQoL) (3,4).
Approximately 1.3% to 2.4% of the general population
suﬀers from CM (5–7), and one in ﬁve CM suﬀerers
cannot work because this condition impacts their ability
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to lead productive lives (8). CM is frequently complicated by overuse of acute pain medications (9–11).
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Some drugs have regulatory approval for migraine prophylaxis; none are approved speciﬁcally for CM prophylaxis. Only a few trials have investigated preventive
therapies for CM (12–15).
OnabotulinumtoxinA (BOTOXÕ , Allergan, Inc.,
Irvine, CA) has been reported to relieve pain associated
with a variety of conditions, including migraine headache (12,13,16–26). The presumed mechanism for headache prophylaxis is blockade of peripheral signals to
the central nervous system, which inhibits central sensitization (27,28). A systematic series of exploratory
controlled trials was conducted to assess the eﬃcacy
and safety of onabotulinumtoxinA in patients with episodic migraine (EM) (<15 headache days per month)
(29,30) and chronic daily headache (CDH) (15 headache days per month) (12,13,31). In the two largest EM
exploratory studies, no signiﬁcant between-group differences were observed in the frequency of headache
episodes (29,30). In one CDH study that evaluated
patients with chronic tension-type headache (CTTH),
no signiﬁcant between-group diﬀerence favouring
onabotulinumtoxinA was observed in the number of
tension-type headache-free days per month (31).
Eﬃcacy of onabotulinumtoxinA in EM and CTTH
has therefore not been established, although it is also
possible that patient selection criteria, dosage and injection paradigm of these exploratory studies were not
optimal (29–32).
The post hoc analysis of one of the phase 2
onabotulinumtoxinA CDH studies led to key design
features of the onabotulinumtoxinA CM phase 3 studies (13,33). We report the double-blind phase results
of the second of two large, randomized,
placebo-controlled, parallel-group, phase 3 studies
that evaluated the safety and eﬃcacy of
onabotulinumtoxinA in adults suﬀering with CM.
Results from PREEMPT 1 are reported in a companion manuscript.

Methods
Study design
The Phase III REsearch Evaluating Migraine
Prophylaxis Therapy (PREEMPT) clinical program
consisted of 2 studies: PREEMPT 1, conducted from
23 January 2006 to 16 July 2008 at 56 North American
sites; and PREEMPT 2, conducted from 7 February 2006 to 11 August 2008 at 66 global sites (50
North America and 16 European). PREEMPT 2 was
conducted to evaluate the eﬃcacy and safety
of onabotulinumtoxinA for prophylaxis of headaches in adults with CM. PREEMPT 2 consisted of a
28-day baseline screening period (hereafter referred to
as baseline), a 24-week, double-blind, parallel group,

placebo-controlled phase featuring two injection cycles
every 12 weeks, followed by a 32-week, open-label phase
with three onabotulinumtoxinA injection cycles
(Figure 1). Patients used an interactive voice response
system (IVRS) telephone diary to record their headache
symptoms and acute treatments. Patient diary-day compliance was deﬁned as the percentage of days for which a
patient entered diary information into the IVRS system.
A maximum three-day recall was allowed, although
patients were encouraged to call daily.
This study was in compliance with the Declaration
of Helsinki ethical principles, Good Clinical Practices,
principles of informed consent, and requirements of
public registration of clinical trials in the United
States (ClinicalTrials.gov identiﬁer NCT00168428).
PREEMPT 2 was approved at each site by an independent ethics committee or a local institutional review
board. Prior to administration of the study procedure,
written informed consent was obtained from each randomized participant.

Study participants
Men or women aged 18–65 years with a history of
migraine meeting the diagnostic criteria listed in
ICHD-II (2004) section 1, migraine (1)—with the
exception of ‘‘complicated migraine’’ (i.e., hemiplegic
migraine, basilar-type migraine, ophthalmoplegic
migraine, migrainous infarction)—and with headache
occurring on 15 days/four weeks were eligible.
Patients were excluded if they had any medical condition that might put them at increased risk if exposed to
onabotulinumtoxinA (e.g., myasthenia gravis, EatonLambert syndrome, amyotrophic lateral sclerosis, any
other signiﬁcant disease that could interfere with neuromuscular function). Other exclusion criteria were diagnosis of other primary/secondary headache disorder, use
of any headache prophylactic medication within 28 days
of day 1 of baseline, Beck Depression Inventory score of
>24 at day 1 of baseline, temporomandibular disorder,
ﬁbromyalgia, psychiatric disorders that could interfere
with study participation, or previous exposure at any
time to any botulinum toxin serotype. Prior to administration of study treatment, women of childbearing
potential were required to have a negative urine pregnancy test and have been using a reliable means of
contraception.
To be randomized at the end of the baseline screening phase, patients had to provide diary data on 20 of
28 days and have had 15 headache days, of which
each consisted of 4 hours of continuous headache
and of which 50% were migraine or probable
migraine days (referred to hereafter as migraine days);
they also had to have had 4 distinct headache episodes, each lasting 4 hours.
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Figure 1. PREEMPT study design.

Randomization, stratification and study treatment
Qualiﬁed subjects were randomized (1:1) in a
double-blind fashion to onabotulinumtoxinA or placebo. Randomization was stratiﬁed based on the frequency of acute headache pain medication use during
baseline (designated as ‘‘medication overuse–yes’’ or
‘‘medication overuse–no’’), with treatments balanced
in blocks of four within each medication-overuse stratum for each investigator site. Patients in the medication overuse–yes stratum had overused acute headache
pain medications during baseline, with intake of simple
analgesics on 15 days, or other medication types or
combination of types for 10 days, with intake 2
days/week from the category of overuse. Investigators
were trained not to enroll patients who frequently used
opioids as their acute headache pain medication. The
randomization sequence was generated using SAS programming language (SAS Institute, Cary, NC, USA)
and was stored in a central server with access granted
to the randomization programmers. The programmers
then released the information to personnel who packed
the medication kits, and to the vendor who managed
the patient electronic diary (Perceptive Informatics,
Waltham, MA, USA) for purposes of central implementation of the randomization and treatment-kit
assignment. Throughout the double-blind phase of the
study, the patients, the investigators who administered
the study treatment and assessed safety and outcomes
and the sponsor study management personnel were all
masked to the treatment-group assignment. At the end
of the baseline screening phase, when the investigator
attempted randomization of a subject, the central
implementation computer program determined if the
subject met the quantitative inclusion/exclusion criteria
as per the patient reported diary data. If qualiﬁcations
were met, the subject number was linked to the next

randomization number grouped within strata for that
site, and the site was notiﬁed of the medication kit
assigned to that randomization number.
The PREEMPT injection and dose paradigm was
based on the experiences from phase 2 studies (12,13)
and will be detailed elsewhere. Study injections were
administered as 31, ﬁxed-site, ﬁxed-dose, intramuscular
(IM) injections (minimum dose 155 U) across seven speciﬁc head/neck muscle areas (corrugator, procerus, frontalis, temporalis, occipitalis, cervical paraspinal and
trapezius) every 12 weeks over 24 weeks (two cycles).
Depending on the location(s) of the patient’s predominant pain and severity of palpable muscle tenderness, a
follow-the-pain strategy, with additional dosing was
allowed per protocol. At the investigator’s discretion,
up to 40 U additional onabotulinumtoxinA (maximum
dose 195 U) or placebo injections could be given to one
or both sides in up to three muscle groups (occipitalis,
temporalis, and trapezius). Injections were administered
IM using a sterile 30-gauge, 0.5 inch needle and 0.1 mL
of onabotulinumtoxinA (5 U) or placebo injected at
each site. Dosing and results of this study are speciﬁc
to the formulation of onabotulinumtoxinA manufactured by Allergan, Inc. (Irvine, CA, USA).

Efficacy and safety measures
The primary eﬃcacy endpoint was mean change from
baseline in frequency of headache days for the 28-day
period ending with week 24. A headache day was
deﬁned as a calendar day (00:00 to 23:59) when the
patient reported four or more continuous hours of a
headache, per the patient diary. Subsequent to study
initiation, but prior to study completion and treatment
unmasking, the protocol and statistical analysis
plan for PREEMPT 2 was amended to change the primary and secondary endpoints, making frequency of
headache days the PREEMPT 2 primary endpoint.
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This change was made based on several factors: availability of PREEMPT 1 data, guidance provided in
newly issued International Headache Society clinical
trial guidelines for evaluating headache prophylaxis in
CM (34) and the earlier expressed preference of the US
Food and Drug Administration (FDA), all of which
supported using headache day frequency as a primary
outcome measure for CM.
All other eﬃcacy analyses primarily examined the
mean change from baseline to the 28-day period
ending with week 24. Secondary eﬃcacy variables
were frequency of migraine days (deﬁned as a calendar
day with 4 continuous hours of headache meeting
ICHD-II criteria for migraine 1.1, 1.2 or 1.6), frequency
of moderate/severe headache days (deﬁned as a calendar day with 4 continuous hours of headache and a
maximum severity of moderate or severe, per the
patient diary, among all headache episodes reported
on that day regardless of duration), monthly cumulative headache hours on headache days, proportion of
patients with severe (60) Headache Impact Test
(HIT)-6 score, and frequency of headache episodes
(deﬁned as patient-reported headache with a start and
stop time indicating that the pain lasted 4 continuous
hours). Other prespeciﬁed eﬃcacy assessments evaluated at week 24 included acute headache pain medication intakes (all categories; referred to hereafter as
acute pain medication intakes) and three assessments
of disability to reﬂect changes in functioning, vitality,
psychological distress and health-related quality of life:
the mean change in total HIT-6 (35), the
Migraine-Speciﬁc Quality of Life Questionnaire (MSQ
v2.1) (36,37) and the daily average of the Headache
Impact score (HIS).

prespeciﬁed as the primary analysis; sensitivity analyses
(e.g., rank-sum test on changes from baseline without
a baseline covariate) were also performed. Scores
for months with at least 20 days of diary data were
prorated to 28-day equivalents. Scores for months
with less than 10 days of diary data were estimated
using a modiﬁed last observation carried forward
(mLOCF) methodology. This involved the substitution
of the patient’s previous 28-day period score
multiplied by the ratio of the mean across all patients
in the 28-day period of interest divided by the mean
across all patients in the previous 28-day period.
Scores for months with 10–19 days of diary data were
estimated using an average of the prorated and the
mLOCF estimates. The mLOCF method of imputation
of missing data was prespeciﬁed, but sensitivity analyses were also done (e.g., using observed data, without
imputation). For binomial variables, the betweengroup comparisons were done with Pearson’s Chisquare or Fisher’s exact tests, except that logistic
regression, with the same variable’s baseline as covariate, was used for variables with baseline imbalance.
A two-sided test with p  .05 was considered to be
statistically signiﬁcant.
To control the type 1 error rate for multiple secondary endpoints in the amended PREEMPT 2 protocol
and analysis plan, a ﬁxed-sequence gate-keeping
approach was used for the ﬁve ranked secondary variables at the week 24 primary visit. If the p value of a
secondary endpoint was not .05, the tests of any
lower-ranked secondary endpoints were not considered
statistically signiﬁcant, regardless of individual p value.
Safety analyses were performed on all randomized
patients who received at least one dose of study medication at day 0.

Statistical analyses
Enrollment of 650 patients was planned. For headache
day frequency, a week 24 minimum sample size of
n ¼ 325 per group, with standard deviation of 6.7,
would have >90% power to detect 1.75
between-group diﬀerence in mean change from baseline, using a two-sided a ¼ 0.05. A large sample size
was planned because of the long study duration (56
weeks per patient). This would allow suﬃcient sample
size for the long-term safety evaluations (>150 patients
with ﬁve active treatment cycles).
All eﬃcacy analyses used the intent-to-treat population, which included all randomized patients. For each
primary and secondary variable, prespeciﬁed comparisons between treatment groups were done by analysis
of covariance of the change from baseline, with the
same variable’s baseline value as a covariate,
with main eﬀects of treatment group and medication
overuse strata. The baseline covariate adjustment was

Results
Demographic and baseline headache
characteristics
The recruitment period was between February
2006 and July 2007, with a 56-week follow-up period
after the last patient was enrolled. Of the 1621 patients
screened, 705 were randomized to onabotulinumtoxinA
(n ¼ 347) or placebo (n ¼ 358; Figure 2). The majority
of patients were female (85.4%) and Caucasian
(89.8%), with a mean age of 41 years. Baseline patient
demographics and headache characteristics were similar between the treatment groups (Table 1). Most
patients overused acute pain medications during the
28-day baseline; however, very few had opioid overuse.
There was a high rate of compliance with patients
reporting data to the diary at baseline (>99%) and
the rate remained high (>93%) across both treatment
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groups throughout the
placebo-controlled phase.

24-week,

double-blind,

diﬀerence favouring onabotulinumtoxinA were
observed for the primary endpoint, mean change from
baseline in frequency of headache days from the ﬁrst
post-treatment study visit (week 4) through week 24
(9.0 days onabotulinumtoxinA vs. 6.7 placebo,
p < .001; 95% conﬁdence interval [CI] [3.25, 1.31])
(Figure 3; Table 2).

Efficacy results
Primary endpoint: headache days. Statistically signiﬁcant decreases from baseline with a between-group
Table 1. Baseline demographics and characteristics

OnabotulinumtoxinA
(n ¼ 347)

Placebo
(n ¼ 358)

p value

41.0
18.5
86.2
89.9
26.7
19.9 (3.6)
19.2 (3.9)
18.1 (4.0)
296.2 (121.0)

40.9
17.6
84.6
89.7
27.1
19.7 (3.7)
18.7 (4.1)
17.7 (4.3)
287.2 (118.1)

.849
.279
.565
.913
.305
.682
.156
.333
.311

92.5
12.0 (5.3)
64.0
63.4
65.6

90.8
12.7 (5.3)
66.2
62.6
65.0

.408
.067
.536
.819
.106

Mean age, years
Mean years since onset of chronic migraine
Female, %
Caucasian, %
Mean BMI, kg/m2
Mean headache days during the 28-day baseline (SD)
Mean migraine days during the 28-day baseline (SD)*
Mean moderate/severe headache days during the 28-day baseline (SD)
Mean cumulative hours of headache occurring
on HA days during the 28-day baseline (SD)
% Patients with severe (60) HIT-6 score during the 28-day baseliney
Mean headache episodes during the 28-day baseline (SD)
% Patients who had previously used 1 or more headache prophylaxis medications
% Patients overusing acute headache pain medication during the 28-day baseline
Mean HIT-6 score during the 28-day baseliney

BMI, body mass index; HIT, Headache Impact Test; SD, standard deviation. *International Classification of Headache Disorders, II 1.1 (migraine without
aura), 1.2 (migraine with aura), 1.6 (probable migraine) (1).yScores of 36–49 indicate little or no impact; 50–55, some impact; 56–59, substantial impact;
60, severe impact.

Enrolled
on study
n=705

Discontinued prior to week 24
n =36 (10.4%)
Discontinuations due to:
• Adverse events: 8 (2.3%)
• Lack of efficacy: 4 (1.2%)
• Pregnancy: 1 (0.3%)
• Lost to follow-up: 7 (2.0%)
• Personal reasons: 7 (2.0%)
• Protocol violations: 1 (0.3%)
• Other: 8 (2.3%)

Figure 2. Patient disposition.

Randomized to
onabotulinumtoxinA
n =347

Randomized to
placebo
n=358

Discontinued prior to week 24
n =24 (6.7%)
Discontinuations due to:
• Adverse events: 3 (0.8%)
• Lack of efficacy: 1 (0.3%)
• Pregnancy: 1 (0.3%)
• Lost to follow-up: 8 (2.2%)
• Personal reasons: 5 (1.4%)
• Other: 6 (1.7%)

Completed
24-week
double-blind
phase
n=311 (89.6%)

Completed
24-week
double-blind
phase
n=334 (93.3%)
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Figure 3. PREEMPT 2 primary endpoint: mean change from baseline in headache day frequency. Headache day frequency at baseline:
19.9  0.2 onabotulinumtoxinA vs. 19.7  0.2 placebo, p ¼ .682. All data presented as mean  standard error.
Table 2. Efficacy of onabotulinumtoxinA at week 24
Placebo
(n ¼ 358)

Mean
intergroup
differencek

p valuek

9.0
8.7
8.3

6.7
6.3
5.8

2.3 (3.25, 1.31)
2.4 (3.31, 1.36)
2.5 (3.37, 1.48)

<.001
<.001
<.001

132.4

90.0

42.4 (58.23, 21.05)

<.001

66.3
5.3
4.9
9.9

76.5
4.6
2.4
8.4

3.0

1.7

OnabotulinumtoxinA
(n ¼ 347)

Endpoint
Change from baseline in frequency of headache days*y
Change from baseline in frequency of migraine daysyz
Change from baseline in frequency
of moderate/severe headache daysy
Change from baseline in cumulative total
headache hours on headache daysy
% Patients with severe (60) HIT-6 scorey§
Change from baseline in frequency of headache episodesy
Change from baseline in total HIT-6 scoresy§
Change from baseline in frequency of acute
headache pain medication intakes (all categories)
Change from baseline in frequency of triptan intake
y

10.2
0.7
2.5
1.5

(16.9,
(1.65,
(3.54,
(3.77,

.003
.003
<.001
.132

3.6)
0.33)
1.55)
0.49)

<.001

1.3 (2.24, 0.6)
z

HIT, Headache Impact Test. *Primary efficacy endpoint. Significant between-group differences favouring onabotulinumtoxinA. International
Classification of Headache Disorders, II 1.1 (migraine without aura), 1.2 (migraine with aura), 1.6 (probable migraine) (1). §Scores of 36–49 indicate
little or no impact; 50–55, some impact; 56–59, substantial impact; 60, severe impact. kThe 95% confidence intervals and p values are adjusted for
baseline and for medication overuse stratification.

Secondary eﬃcacy variables. Large mean decreases
from baseline with signiﬁcant between-group diﬀerences favouring onabotulinumtoxinA were observed
for all of the ﬁve rank-ordered secondary variables,
starting at either the ﬁrst or the second post-treatment
study visit and continuing through all subsequent visits,
including the week 24 primary time point (Table 2), in
rank order: frequency of migraine days (p < .001), frequency of moderate/severe headache days (p < .001),
total monthly cumulative hours of headache occurring
on headache days (p < .001), proportion of patients
with severe HIT-6 scores (p ¼ .003) and frequency of
headache episodes (p ¼ .003). Large within-group

improvements for mean change from baseline in frequencies of acute pain medication intake (all categories)
were observed, although there were no signiﬁcant
between-group diﬀerences (p ¼ .132). A post hoc analysis was conducted to identify potential patterns of
intake by medication class (i.e., ergotamines, triptans,
simple analgesics, opioids, combination analgesics,
multiple analgesics). The result of this exploratory analysis was that the frequency of triptan intakes was signiﬁcantly
reduced
from
baseline
in
the
onabotulinumtoxinA compared to the placebo group
at week 24 (3.0 onabotulinumtoxinA vs. 1.7 placebo, p < .001).
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Table 3. Summary of overall adverse events reported in the
24-week, double-blind phase
OnabotulinumtoxinA
(n ¼ 347)
n (%)
All AEs
Treatment-related AEs
Serious AEs
Treatment-related,
serious AEs
Discontinuations
related to AEs*
Death

226
116
15
1

(65.1)
(33.4)
(4.3)
(0.3)

Placebo
(n ¼ 358)
n (%)
202
49
8
0

(56.4)
(13.7)
(2.2)
(0.0)

12 (3.5)

5 (1.4)

0 (0.0)

0 (0.0)

AEs, adverse events. *Discontinuations during double-blind or open-label
phases due to AEs witht onset during the double-blind phase.

Headache impact on functioning and health-related quality of life. OnabotulinumtoxinA-treated patients in
PREEMPT 2 had improved functioning compared
with placebo-treated patients, as demonstrated by a signiﬁcant decline in disability (mean change from baseline in total HIT-6 score) at all time points (p < .001).
OnabotulinumtoxinA treatment signiﬁcantly improved
quality of life (p < .001) at weeks 12 and 24 compared to placebo as measured by each of the three MSQ
role function domains—restrictive, preventive, and
emotional—and as also measured by mean change in
HIS at all time points (p < .001).

Safety and tolerability
Frequency of adverse events (AEs) was higher in the
onabotulinumtoxinA group (65.1%) compared to the
placebo group (56.4%; Table 3). Most AEs reported by
patients were mild or moderate in severity and resolved
without sequelae. The only individual treatment-related
AEs in the onabotulinumtoxinA group occurring at a
rate 5% were neck pain (7.5%) and muscular weakness
(5.2%). Eyelid ptosis, myalgia and musculoskeletal stiﬀness were also higher in the onabotulinumtoxinAtreated group than among placebo-treated patients.
Treatment-related AEs were consistent with the known
tolerability proﬁle of onabotulinumtoxinA and no newly
emerged safety ﬁndings were observed. There was one
treatment-related serious AE reported for onabotulinumtoxinA (migraine requiring hospitalization). Discontinuations due to AEs were low in both treatment
arms (3.5 % onabotulinumtoxinA vs. 1.4% placebo).

Discussion
Previous clinical trials examining the prophylaxis of
various headache disorders have generally excluded

subjects with CM (14,32). Patients with CM are often
considered treatment refractory and prone to overuse
of acute pain medication to alleviate their symptoms
(11). Within the PREEMPT patient population,
two-thirds overused acute pain medication during the
28-day baseline period and approximately two-thirds
had also tried previous headache prophylaxis medication without success due to ineﬀectiveness and/or intolerability. Even with these signiﬁcant challenges faced by
CM patients, treatment with onabotulinumtoxinA in
PREEMPT 2 compared to placebo signiﬁcantly
improved multiple headache symptom measures in the
primary and secondary eﬃcacy variables, including
headache-related disability.
There are few randomized controlled trials of CM
treatment to support evidence-based approaches to the
care of these patients (2). Available studies are limited
by their diagnostic and eligibility criteria, sample size
and failure to account for the use of prior and/or concomitant acute and preventive headache medications
(2,3,14,15,38–41). The lack of large controlled trials,
coupled with, until recently, the absence of operational
diagnostic criteria and clinical trial guidelines, posed a
signiﬁcant challenge to eﬀorts to identify endpoints and
outcome measures that could accurately reﬂect the clinical beneﬁt of any intervention in CM (1,2,34).
The analyses from PREEMPT 1 were considered
along with other factors when it was decided, prior to
patient unmasking in PREEMPT 2, to amend the
PREEMPT 2 primary and secondary endpoints and
analysis plan. With the results of PREEMPT 1
known prior to analysis of PREEMPT 2, there may
be a concern regarding the independence of the ﬁndings
of PREEMPT 2, thus inﬂating the overall type-1 error
rate. To better control for such potential type-1 error
for PREEMPT 2, a highly conservative Bonferroni
adjustment was examined at the week 24 primary
time point that modiﬁed the critical levels from .05 to
.01 for p value comparisons still applied to each variable in the gate-keeping rank order. This adjustment
was based on the change in the selection of the primary
endpoint from among all ﬁve variables that were
primary or secondary in PREEMPT 1, even though
the high correlation among these variables means
that the inﬂation of type-1 error was not as extreme
as accounted for by such a correction. The week
24 eﬃcacy results for the ﬁnal selection of primary variable (frequency of headache days) and all ﬁve ranked
secondary eﬃcacy variables in PREEMPT 2, including
headache episodes, the primary variable in PREEMPT 1,
remained signiﬁcant for onabotulinumtoxinA versus
placebo. This result diﬀers from the PREEMPT 1 trial.
The week 24 mean change from baseline in frequency of
headache episodes in the onabotulinumtoxinA group
in both PREEMPT 1 and PREEMPT 2 was similar
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(i.e., 5.2 and 5.3, respectively). However, the mean
change from baseline for the placebo groups in these
trials was diﬀerent (i.e., 5.3 and 4.6). It is possible
that the signiﬁcant baseline imbalance (p ¼ .023) seen in
PREEMPT 1 (higher mean number of headache episodes in the placebo group [13.4] than the onabotulinumtoxinA group [12.3]), which was not observed in
PREEMPT 2 (placebo 12.0; onabotulinumtoxinA
12.7), confounded the post-treatment eﬀect. When
this baseline imbalance seen in PREEMPT 1 was treated as an anomaly, a post hoc analysis of headache
episode counts (not change from baseline) found that
onabotulinumtoxinA signiﬁcantly reduced headache
episode counts compared to placebo at weeks 4, 8, 20
and 24 (42).
Results from the analysis of acute pain medication
intakes (all categories) demonstrated a mean reduction
from baseline in intake across both placebo and
onabotulinumtoxinA-treated groups. Since the intake
of acute pain medication (all categories) was similar
between the treatment groups, the signiﬁcance of
onabotulinumtoxinA treatment across multiple eﬃcacy
endpoints cannot be attributed to detoxiﬁcation from
acute pain medication during the study. Although this
presents an apparent discrepancy between a reduction
in frequency of headache days and acute pain medication intake, we do not believe this is a failure to report.
Patient compliance rate for reporting daily symptoms
using the electronic diary was high (>93%) and
included a report on their acute pain medication
intake. This discrepancy may have also been due to
the complexity of analyzing all categories of acute
pain medication intake together, as post hoc analyses
showed signiﬁcant reduction compared to placebo
in use of triptans as a result of onabotulinumtoxinA
treatment. This trial has another important ﬁnding.
Clinical experience claimed in the past that patients
overusing acute pain medication would not respond
to preventive therapy. This was clearly not the case in
the present study.
The headache-related burden and disability in individual patients with CM is multifaceted, encompassing
headache frequency, duration and severity. At week 24,
the onabotulinumtoxinA group experienced signiﬁcant
improvements over the placebo group across multiple
symptom dimensions, including frequencies of headache days, migraine days and moderate/severe headache days; total cumulative hours of headache;
headache episodes; and headache-related disability
(HIT-6). The mean change from baseline in HIT-6 disability scores exceeded the established clinically meaningful between-group minimum diﬀerence of 2.3 (43).
These diﬀerences in headache burden and disability
resulted in signiﬁcant improvements in functional performance and quality of life. As shown by these trials in
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this complex and disabled population, multiple outcome measures are useful to portray the multifaceted
aspects of the disorder that contribute to a reduction in
headache-related disability and improvement in
headache-speciﬁc quality of life.
The majority of patients (89%) completed the
24-week, double-blind, phase of PREEMPT 2, indicating a favourable safety and tolerability proﬁle. There
were more AEs and treatment-emergent AEs reported
in the onabotulinumtoxinA treatment arm than in the
placebo treatment arm; however, these events were considered to be mild to moderate in severity and were
short-lived, resulting in few discontinuations due to
AEs. There was one serious AE reported that was considered treatment-emergent and that required patient
hospitalization. These safety results are consistent
with the known safety and tolerability proﬁle of
onabotulinumtoxinA, and no new safety events were
observed.
There are several limitations to this study. Currently,
there are no approved agents (34) for the prophylaxis of
CM; therefore, the PREEMPT 2 study design did not
include an active comparator. A large placebo response
has been observed in migraine prophylaxis studies (34),
which is consistent with our observations. In general,
the placebo eﬀect in pain trials such as this one can be
attributed to expectation, Pavlovian conditioning and
reduction of anxiety (44). Prophylactic migraine studies
have indicated a high variability in rates of placebo
response in comparison to acute migraine treatment
studies (44). Additionally, parenteral procedures in
pain trials are associated with an increased placebo
response (44), perhaps due to high patient expectations
when undergoing an injection treatment. Despite rigorous blinding practices, it is possible that patients could
have become eﬀectively unblinded in the course of this
study. Injections of onabotulinumtoxinA into the forehead are associated with muscle relaxation. This physical response, possibly observed by some patients in the
onabotulinumtoxinA treatment arm, may have inﬂated
the reporting of the active response. Conversely, there
was a lack of a nocebo response, in which patients in
the placebo arm could have observed a parallel lack of
physical response and became equally unblinded to the
placebo. However, the presence of a placebo response
suggests that this did not happen and that the blind was
maintained. The placebo response could also be
explained partly by regression to the mean or spontaneous improvement.
Population-based epidemiological studies have
demonstrated that the study population in PREEMPT 2
is representative of the typical patient with CM seen in
clinical practice (45). Therefore, physicians could expect
similar results when treating patients with CM in the
community. It should be noted that the eﬃcacy of
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onabotulinumtoxinA demonstrated in the PREEMPT 2
study may not extrapolate to other patient populations
who were speciﬁcally excluded from these trials, such as
patients with episodic migraine, CTTH and secondary
headache disorders.
The PREEMPT 2 study is the largest well-designed,
placebo-controlled clinical trial in this severely disabled
patient population. The results of PREEMPT 2 are
consistent across multiple headache symptom measures, and demonstrate the superiority of
onabotulinumtoxinA in eﬃcacy, in reducing disability
and in improving functioning, vitality and overall
health-related quality of life. PREEMPT 2 conﬁrms
onabotulinumtoxinA (155–195 U) as a safe and eﬀective treatment for adults with CM.
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