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ABSTRACT

Introduction: OnabotulinumtoxinA (BT-A)
quarterly was the first treatment approved
specifically for chronic migraine (CM). It is
unclear whether three cycles are better than two
to assess early BT-A response.

Methods: We performed a retrospective analy-
sis on real-life prospectively collected data in 16
European headache centers. All the centers
provided data on patients treated with BT-A for
CM over the first three cycles of treatment. For
each treatment cycle we defined patients as
‘‘good responders’’ if reporting a C 50% reduc-
tion in monthly headache days compared with
the three months before starting BT-A, ‘‘partial
responders’’ if reporting a 30–49% reduction in
monthly headache days, and ‘‘non-responders’’
if reporting a\ 30% reduction in monthly
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headache days or stopping the treatment before
the third cycle.
Results: We included 2879 patients. Seven
hundred and eighty-four (64.6%) of the 1213
patients reporting a good response during the
first and/or the second cycle had a good
response during the third cycle; 309 (49.3%) of
the 627 patients reporting a partial response
(but no good response) during the first and/or
the second cycle had a good response during
the third cycle; only 65 (6.3%) of the 1039
patients who did not respond during both the
first two cycles achieved a good response during
the third cycle. Multivariate analyses showed
that partial or good response during the first or
the second cycle were independently associated
with good response during the third cycle.
Conclusions: Our data suggest that patients
with CM responding to BT-A during the first
two cycles will likely benefit from the third
cycle of treatment, while the probability that
non-responders to the first two cycles start
responding during the third cycle is low. These
results can help guide the individual decision to
stop or continue treatment after the second
cycle in patients who have not responded to the
first two cycles.

Keywords: Chronic migraine; Multicenter
study; OnabotulinumtoxinA; Real-life evidence

Key Summary Points

Why carry out this study?

OnabotulinumtoxinA treatment for
chronic migraine is very effective in many
most patients; however, it is unclear
whether the onset of its efficacy should be
assessed after two or three cycles.

We performed a large, retrospective,
multicenter study to assess the evolution
of response to onabotulinumtoxinA over
the first three cycles of treatment.

What was learned from this study?

We found that most patients with chronic
migraine reporting at least a partial
response to any of the first two cycles of
onabotulinumtoxinA reported a[50%
decrease in monthly headache days
during the third cycle.

Patients not responding to both the first
two cycles are unlikely to respond during
the third cycle.
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DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14170229.

INTRODUCTION

OnabotulinumtoxinA (BT-A) is the first treat-
ment approved specifically for chronic migraine
(CM); its efficacy and safety have been proven
in randomized clinical trials [1–5] and con-
firmed in real-life studies [6–8]. The response to
BT-A varies in degree of efficacy and time of
onset amongst patients. Many patients report a
favorable response to BT-A treatment during the
first cycle of treatment with BT-A, whereas other
patients who do not report any meaningful
improvement during the first cycle start
responding to the treatment during the second
or third cycle. Unfortunately, other patients do
not respond even after prolonged treatment [9].
However, despite the wealth of studies assessing
the possible predictors of response to BT-A
[10–14], none of them have been commonly
accepted.

The European Headache Federation (EHF)
guidelines for the use of BT-A in CM suggest
stopping the treatment in the presence of\
30% reduction in monthly headache days

compared to baseline after 2–3 cycles of treat-
ment [15]. However, it is unclear in which
patients to stop treatment at the second cycle

and in which to proceed with the third one.
Furthermore, the National Institute for Health
and Care Excellence (NICE) UK guidance for the
use of BT-A in CM recommends discontinuing
the treatment after two cycles if patients do not
reach at least 30% reduction in headache days
[16].

The therapeutic dilemma of negative stop-
ping criteria for BT-A treatment has gained
importance with the advent of specific thera-
peutic alternatives for CM, i.e. calcitonin gene-
related peptide (CGRP)-targeted treatments
[17, 18]. Besides, patients with CM have sur-
prisingly low persistence to oral preventive
treatments, possibly due to their perceived
ineffectiveness or to tolerability issues [19, 20].
For those reasons, providing reliable estimates
of the onset and the early evolution of response
to BT-A might help avoid prolonged ineffective
treatment and favor patient compliance.

In order to improve the management of
patients with CM who start BT-A treatment, we
aimed to provide data to clarify how the clinical
response develops and evolves over the first
three treatment cycles.

METHODS

Inclusion Criteria

We performed a retrospective analysis of
prospectively collected data from European
centers treating CM with BT-A. All the centers
met the following inclusion criteria:

1. Having already performed a real-life
prospective data collection on patients with
CM, diagnosed according to the Interna-
tional Classification of Headache Disorders
(ICHD) criteria, aged C 18 years, treated
with BT-A 155–195 units quarterly accord-
ing to the Phase 3 REsearch Evaluating
Migraine Prophylaxis Therapy (PREEMPT)
protocol [1]

2. Study approval by the local ethics commit-
tees and informed consent obtained from
patients, if necessary, according to the local
regulations

3. Ability to share a database of collected data
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4. Planned follow-up of at least 9 months for
all patients, irrespective of treatment
discontinuation

Centers were selected following a literature
search including the terms ‘‘botulinum toxin’’
and ‘‘migraine’’ or by personal contacts. Pre-se-
lected centers were contacted by e-mail. Nine-
teen centers were contacted; two centers did not
meet the inclusion criteria, while one center
declined to participate in the study; 16 centers
agreed to participate in the study. Inclusion
periods varied across centers and ranged from
2010 to 2020. All centers collected data by using
prospective headache diaries.

Ethical Aspects

The present analysis was approved by the
Internal Review Board of the University of
L’Aquila with protocol number 23/2020.
Patients did not have to sign an additional
informed consent, as no additional data were
required for the present analyses.

Definition of Treatment Response

According to response to BT-A, patients were
defined as follows:

1. Good responders patients achieving a C 50%
reduction in headache days from baseline—
i.e. the 3 months prior to BT-A treatment
initiation—to the respective 3-month cycle

2. Partial responders patients achieving a
30–49% reduction in headache days from
baseline to the respective 3-month cycle

3. Non-responders patients achieving a\ 30%
reduction in headache days from baseline to
the respective 3-month cycle. The non-
responder group also included patients lost
to follow-up or discontinuing treatment
before the third cycle.

Statistical Analysis

All analyses used the intent-to-treat population,
including all patients who started BT-A treat-
ment. As reported earlier, those discontinuing

treatment before the third cycle and those lost
to follow-up were considered as non-respon-
ders. Variables were considered for the analyses,
if available, for at least two thirds of patients; no
imputation was done for missing data. We per-
formed the main analyses on the whole data set,
comparing the characteristics of good respon-
ders at the third BT-A cycles with those of par-
tial or non-responders. We then repeated the
analyses after excluding patients with partial
response during the third BT-A cycle, to better
differentiate patient subgroups according to BT-
A response. We also performed sensitivity
analyses after the exclusion of patients not
receiving the third BT-A dose to correct for the
effect of negative stopping rules adopted in
some centers [16]. No sample size calculation
was performed, as the sample size was based on
the available data.

We computed the proportions of good
responders, partial responders, and non-re-
sponders after 3, 6, and 9 months from BT-A
treatment initiation. Descriptive statistics were
reported as numbers and proportions and
means and standard deviations (SDs), as
appropriate. We performed univariate compar-
isons between patients reporting and not
reporting a good response to BT-A using the chi-
square test or Student’s t test for independent
samples, as appropriate. The variables reaching
a P value\ 0.1 for significance were included in
a multinomial stepwise logistic regression
model to identify the factors independently
associated with response during the third cycle.
Two-tailed P for significance was set at\ 0.05.
Statistical analyses were conducted using SPSS
version 20 software.

RESULTS

Baseline Characteristics

During the study period, we included 2879
patients, 81.7% female, with a mean age of
46.6 ± 12.3 years and a mean CM duration of
8.0 ± 8.0 years. Table 1 summarizes the
patients’ characteristics at baseline. Table S1 in
the electronic supplementary material reports
the contribution of each center.
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Treatment Response

During the first BT-A cycle, 774 (26.9%) patients
were good responders, 534 (18.5%) partial
responders, and 1571 (54.6%) non-responders
(Fig. 1). The proportion of good responders
increased through the second (946 good
responders; 32.9%; 552 partial responders,
19.2%; 1381 non-responders, 47.9%) and the
third cycle (1158 good responders; 40.2%; 337
partial responders, 11.7%; 1384 non-respon-
ders, 48.1%; Fig. 1).

Of the 1213 patients reporting a good
response during the first and/or the second
cycle, 784 (64.6%) reported a good response and
109 (9.0%) a partial response during the third
cycle; notably, of the 507 patients who were
good responders during both the first and sec-
ond cycle, 389 (76.7%) maintained the good
responder status during the third cycle. A partial
response during either the first or the second
cycle, without a good response during the first
two cycles, was attained by 627 patients, 309 of
whom (49.3%) had a good response and 130
(20.7%) a partial response during the third
cycle. Only 65 (6.3%) of the 1039 patients
maintaining the non-responder status during
both the first two cycles achieved a good
response during the third cycle, while 98 (9.4%)
had a partial response (see Fig. 2).

Predictors of Response

Univariate comparisons showed that good
responders during the third cycle had a higher
proportion of females (83.5% vs 80.4%;
P = 0.020) and medication overuse (78.8% vs
63.3%; P\0.001), a lower number of monthly
headache days (23.5 ± 5.6 vs 24.0 ± 6.2;
P\ 0.001) and a higher number of monthly
medication days (20.8 ± 8.0 vs
18.3 ± 9.6 years; P\ 0.001) at baseline com-
pared with partial responders or non-respon-
ders; good responders during the third cycle
also had a higher proportion of good or partial
response during the first two cycles (Table 2).
However, after multivariate adjustments, the
only factor independently associated with good
response during the third cycle was partial or
good response during the first or the second
cycle (Table 2).

After the exclusion of partial responders at
the third cycle, the multivariate analyses
showed that medication overuse and partial or
good response during the first or the second
cycle were independently associated with good
response during the third cycle (see Table S2 in
the electronic supplementary material).

Sensitivity Analysis

After the exclusion of patients not receiving the
third BT-A dose because of a negative stopping
rule or physician/patient decision, 2080
patients were left. The proportions of good
responders, partial responders, and non-re-
sponders were similar to those of the overall
group (see Fig. S1 in the electronic supplemen-
tary material). Sixty-five (11.5%) of the 565
patients maintaining the non-responder status
during both the first two cycles achieved a good
response during the third cycle, while 98
(17.3%) had a partial response.

Univariate comparisons showed that good
responders during the third cycle had a higher
prevalence of medication overuse (78.8% vs
74.2%; P = 0.004) and a higher number of acute
medication days (20.8 ± 8.0 vs 19.6 ± 8.9;
P = 0.003) compared with the remaining
patients (see Table S3 in the electronic

Table 1 Baseline characteristics of the 2879 included
subjects

Variable

Age (years), mean ± SD 46.6 ± 12.3

Sex (female), n (%) 2351 (81.7)

Medication overuse, n (%) 2055 (71.4)

Baseline headache days, mean ± SD 23.8 ± 5.9

CM duration (years), mean ± SD 8.0 ± 8.0

Acute medication days (number),

mean ± SD

19.4 ± 9.1

Pain Ther (2021) 10:637–650 641



supplementary material). Good responders
during the third cycle also had a higher pro-
portion of good and partial response during the
first two cycles compared with the remaining
patients (see Table S3 in the electronic supple-
mentary material). The multivariate analyses
also confirmed that good or partial response to
BT-A during the second cycle in this subgroup
was independently associated with good
response during the third cycle, together with
younger age (see Table S3 in the electronic
supplementary material).

DISCUSSION

In our study, a good or at least partial response
during the first two BT-A cycles was consistently
associated with a good response during the
third cycle across the main and several sensi-
tivity analyses. Our study focused on the first
three cycles of BT-A treatment, as it aimed to
provide guidance for the decision of whether to
continue or to stop the treatment after the
second cycle, according to the initial response.
Our data suggest that (1) patients showing early
response to BT-A tend to maintain their
response; (2) a relevant proportion of patients

Fig. 1 Overall response to onabotulinumtoxinA during the first three cycles in the study population
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showing even partial response to BT-A during
the first two cycles of treatment will become
good responders during the third cycle; and 3)
the probability of good clinical response to BT-A
is lower in patients not responding during both
the first two cycles.

The added value of the present study is pro-
viding the detail of response to BT-A during
each cycle (Fig. 1), considering patients who

developed a new-onset response and patients
who lost their response over time. This was
possible because of the large number of inclu-
ded patients selected from international real-life
practice; all patients would have fulfilled the
recently issued definition of ‘‘resistant
migraine’’ [21]. As investigators were not aware
of the study aim a priori, we can exclude any
influence on treatment disposition according to

Fig. 2 Detailed flowchart of response to onabotulinum-
toxinA across the first three treatment cycles. Green
numbers indicate good response; yellow numbers, partial

response; red numbers, no response. Numbers in paren-
theses indicate proportions over total (N = 2879)
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personal expectations. On the other hand, we
have to consider that regulations and physician
attitude have implications for the results. In
some countries and in some centers, because of
regulatory constraints [8, 16, 22] (\ 30%
decrease in headache days according to the

English,\50% according to the Australian cri-
teria) or personal beliefs, physicians discontin-
ued treatment in non-responders after the
second cycle. This may have led to an under-
estimation of the benefit of BT-A in non-re-
sponders. To control for that potential bias, we

Table 2 Comparison between patients with good response and patients with partial or no response during the third
onabotulinumtoxinA treatment cycle

Status at the third cycle

Good
responders
(n = 1158)

Partial or non-
responders
(n = 1721)

P value
(univariate)

OR (95% CI) P value
(multivariate)

Baseline characteristics

Female, n (%) 967 (83.5) 1384 (80.4) 0.020 1.09

(0.83–1.43)

0.540

Age, mean ± SD 46.3 ± 11.7 46.9 ± 12.7 0.200 –

Medication overuse, n
(%)

913 (78.8) 1142 (63.3) \ 0.001 1.40

(0.97–2.02)

0.074

Years of CM history,

mean ± SD

7.7 ± 7.6 8.3 ± 8.4 0.110 –

Baseline headache days,

mean ± SD

23.5 ± 5.6 24.0 ± 6.2 0.013 0.99

(0.97–1.01)

0.475

Baseline acute medication

days, mean ± SD

20.8 ± 8.0 18.3 ± 9.6 \ 0.001 1.02

(1.00–1.04)

0.080

Response during the first

cycle, n (%)

\ 0.001

Good 458 (39.6) 316 (18.4) 1.36

(1.04–1.79)

0.024

Partial 291 (25.1) 243 (14.1) 1.43

(1.09–1.88)

0.011

None 409 (35.3) 1162 (67.5) 1.00 (Ref.)

Response during the

second cycle, n (%)

\ 0.001

Good 715 (61.7) 231 (13.4) 24.72

(18.70–32.66)

\ 0.001

Partial 323 (27.9) 229 (13.3) 15.51

(11.73–20.50)

\ 0.001

None 120 (10.4) 1261 (73.3) 1.00 (Ref.)
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repeated the analyses excluding patients who
did not receive the third BT-A dose because of a
negative stopping rule or physician/patient
decision; those sensitivity analyses still showed
that partial or good response during the second
BT-A cycle can help in predicting response
during the third cycle.

In our study, the proportion of patients
reporting a C 50% reduction in monthly head-
ache days compared with baseline, i.e. ‘‘good
responders,’’ was lower (26.9%, 32.9%, and
40.2% during the first, second, and third BT-A
cycle, respectively) as compared with those of
the PREEMPT trials, in which 49.0% of patients
had a C 50% response during the first cycle
[23]. This difference might be due to the dif-
ference in study design and setting, as real-life
patients have a higher disease burden than the
highly selected patients included in clinical
trials. Similarly to the available trials, in our
population the proportion of good responders
increased during the first three cycles (Fig. 1).
Together with good responders, our study also
considered ‘‘partial responders,’’ reporting a
30–49% reduction in monthly headache days
compared with baseline. In fact, a 30% decrease
in monthly headache days was suggested to be
acceptable in some patients with CM [24, 25].
Our study suggests that the condition of partial
responder to BT-A is relevant, as it may predict
the future condition of good responder.

It is worth mentioning that our definition of
the responder status was based only on the
decrease in monthly headache days compared
with baseline. The efficacy assessment of CM
treatments should consider not only headache
days, but also migraine days, moderate/severe
headache days, medication use, conversion
from CM to episodic migraine, termination of
medication overuse, and patient-reported out-
comes and scales. These outcomes are suggested
by guidelines and reported by real-life studies
[15, 26–28].

A further point which needs to be considered
is that we focused on the first three BT-A cycles.
Evidence suggests that about one quarter of
patients treated with BT-A who develop a
response to the drug within the first two cycles
might lose their response during the fourth
cycle, while a comparable proportion of

patients develop a new-onset response to BT-A
during the third or fourth cycle [29]. Response
to BT-A may fluctuate over time, and not all
responders show a sustained response to the
drug [29, 30]. Fluctuations in response to BT-A
might be common in the long term if we con-
sider each single patient.

Our data have further limitations. Although
the data were collected prospectively, the study
had a retrospective design, leading to hetero-
geneity of data collection across centers. We
minimized the collected data in order to limit
missing information and inaccuracy. We rec-
ognize that important information, such as the
presence of cutaneous allodynia and the num-
ber of prior preventive treatment failures, was
not available from most centers. For the same
reason, we could not consider the effect of BT-A
dosage, which is likely higher with increasing
BT-A doses [31]. A further study limitation is
represented by the heterogeneity in the quan-
titative contribution of different centers (see
Table S1 in the electronic supplementary
material); large centers might have had a greater
impact on the study than the smaller ones. We
also did not distinguish migraine days from
headache days, which could have added further
detail to outcome assessment. Furthermore, we
could not distinguish patients discontinuing
BT-A because of ineffectiveness from those who
discontinued because of noncompliance.

Implications for Clinical Practice
in the New Treatment Era

Our findings suggest that it is not reasonable to
discontinue the treatment with BT-A after only
one cycle, otherwise a relevant proportion of
patients may miss a valid therapeutic opportu-
nity; in our study, 532 (33.8%) of the 1571 non-
responders during the first cycle achieved a
good or partial response during the second
cycle, while 590 (37.6%) achieved a good or
partial response during the third cycle. Con-
sidering the findings of this study, continuing
BT-A treatment is advisable in patients report-
ing even a partial response within the second
cycle, while stopping treatment might be con-
sidered in patients who are non-responders
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during the first two treatment cycles, because
the probability of a later response is low. Our
data can help in establishing clearer rules for
BT-A discontinuation, which according to cur-
rent guidelines, is reasonable if the patient
‘‘does not respond’’ to the first ‘‘2–3’’ treatment
cycles [15]. Our data suggest that we should
wait for a 30% reduction in monthly headache
days over the first two treatment cycles to
determine the efficacy of BT-A. Many patients
with CM continue treatment with BT-A because
of a decrease in headache duration and/or
intensity, even in the absence of a decrease in
monthly headache days, as they still perceive a
benefit. This aspect of BT-A benefit is usually
assessed by patient-reported outcomes, such as
standardized scales, for which the present study
does not provide enough data.

The possibility of early treatment switch
from BT-A is important, given the long duration
(3 months) of a treatment cycle. Establishing
criteria for early treatment change from BT-A is
of increasing importance in light of the rise in
CGRP-targeted treatments to treat CM [18, 32];
the new BT-A treatment algorithms should
include the possibility of early switch to other
effective agents [28]. The evidence on the
combination of BT-A with CGRP-targeted
treatment is only preliminary [33, 34], and
some European regulatory authorities prohibit
such a combination. If CGRP-targeted treat-
ments can be offered to patients with insuffi-
cient response to BT-A, stopping BT-A as early as
after the first two cycles and switching to a
CGRP-targeted treatment might be a viable
option. In contrast, if a patient starts BT-A
treatment after failing CGRP-targeted treat-
ments, it might be reasonable to prolong the
treatment for more than 3–4 cycles before
addressing the clinical response, especially if the
patients have already tried the other available
preventive options. Future personalized
approaches to treatment, including pharmaco-
genetics [35, 36], will likely provide an objective
basis for the prediction of response to BT-A as
well as to other migraine preventive treatments.

CONCLUSION

According to our data, the first two treatment
cycles of BT-A can help determine the response
to the drug during the third cycle in patients
with CM. Patients reporting at least a 30%
decrease in monthly headache days within the
first two cycles compared with baseline are
likely to respond to the third cycle of BT-A.
Conversely, patients not reporting at least a
partial response to the first two cycles are unli-
kely to respond to the subsequent cycle and
might be considered for treatment discontinu-
ation. Our data are limited by the small number
of outcomes assessed; therefore, they cannot
constitute a guideline and cannot replace clin-
ical judgment. Nevertheless, we think that our
study can help inform clinical practice.
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