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Abstract

Background and Objective OnabotulinumtoxinA (BoNTA) is a relatively safe and effective treatment for chronic migraine.
The local mode of action of BONTA favors the combination of oral treatments with systemic action. However, little is known
about the possible interactions with other preventive treatments. The objective of the study was to describe the use of oral
preventive treatments in patients with chronic migraine treated with BoNTA in routine clinical care and discuss the toler-
ability and efficacy according to the presence or absence of concomitant oral treatments.

Methods In this multicenter, observational, retrospective, cohort study, we collected data from patients with chronic migraine
receiving prophylactic treatment with BONTA. Patients were eligible if aged >18 years, diagnosed with chronic migraine
according to the International Classification of Headache Disorders, Third Edition criteria, and treated with BONTA according
to the PREEMPT paradigm. We documented the proportion of patients with at least one concomitant treatment prescribed
specifically for migraine (CT+M) and their side effects during four BONTA treatment cycles. Additionally, we collected
monthly headache days and monthly acute medication days from the patients’ headache diaries. Patients with CT+M were
compared to those without concomitant treatment (CT—) using a nonparametric approach.

Results Our cohort included 181 patients taking BONTA, of whom 77 (42.5%) received a CT+M. The most frequently pre-
scribed concomitant treatments were antidepressants and antihypertensive drugs. Side effects in the CT+M group occurred
in 14 patients (18.2%). Only in three of them (3.9%), the side effects had a significant interference with the patient’s func-
tioning (all in topiramate 200-mg/day users). Both CT+M and CT— groups had a significant reduction in monthly headache
days of respectively — 6 (95% confidence interval — 9, — 3; p < 0.001; w = 0.200) during cycle 4 compared with baseline
versus — 9 (95% confidence interval — 13, —6; p < 0.001; w = 0.469). However, the reduction in monthly headache days was
significantly smaller in patients with CT+M after the fourth treatment cycle compared with patients with CT— (p = 0.004).
Conclusions Prescription of oral concomitant preventive treatment is common in patients with chronic migraine receiving
BoNTA. We did not identify any unexpected safety or tolerability issues in patients receiving BONTA and a CT+M. However,
patients with a CT+M experienced a smaller reduction in monthly headache days when compared with those with CT—,
which might be associated with a higher resistance to treatment in that subgroup of patients.
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In clinical practice, oral concomitant treatments are
common in patients with chronic migraine treated with
onabotulinumtoxinA.

Patients with oral concurrent migraine treatment showed
a lower reduction in the number of monthly headache
days, which may be explained by potential higher treat-
ment resistance.

The use of oral concomitant treatments in patients with
chronic migraine treated with onabotulinumtoxinA did
not lead to unexpected safety concerns.

1 Introduction

Migraine is a complex and multifactorial neurological dis-
ease often requiring preventive treatment [1]. Onabotu-
linumtoxinA (BoNTA) is the first treatment specifically
approved for the prevention of chronic migraine (CM) [2].
For this indication, BoNTA is injected in multiple pericra-
nial muscles, at a total dosage of 155-195 U, every 12 weeks
[3]. This paradigm of BoONTA injection has proven safe and
effective for the prevention of CM in the PREEMPT trials
[4-6] and its effectiveness has been confirmed in several
real-world studies [7-16]. In these studies, the percentage of
patients with a > 50% reduction in monthly headache days
varied from 47 to 69% [17]. This represents a very favorable
efficacy outcome in the context of the available migraine
preventive treatments [18].

Despite these positive findings, in some patients, the
reduction in headache days with BoNTA alone is not sat-
isfactory. The European Headache Federation states that
combinations of preventive treatments should be considered
in patients with unsatisfactory responses to treatment [19].

The local mode of action of BONTA may favor the combi-
nation with concomitant treatments (CT). In the PREEMPT
trial population, the use of CT together with BONTA was
prohibited [4—6]. Conversely, in clinical practice, the use of
CT is very frequent [20]. Recently, BONTA has been used in
combination with monoclonal antibodies targeting the cal-
citonin gene-related peptide (CGRP) pathway with positive
results [21-26].

Despite the feasibility and frequent use of CT in combina-
tion with BoNTA in clinical practice, to date, very few stud-
ies have focused on the impact of CT on migraine outcomes
of patients treated with BONTA. A Spanish multicenter study
found that 90% of patients with CM treated with BoONTA
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used CT when the treatment was initiated, and 41% of them
were able to withdraw all oral treatments during treatment
with BoNTA [20]. However, no detail was provided on the
pattern of use of CT, concerning the start of therapy, with-
drawal, and dose change. Reporting details on the use of
treatments in combination with BONTA would provide use-
ful guidance in routine clinical practice, especially in terms
of drug interactions and therapeutic synergies.

We, therefore, performed an international, multicenter,
real-world study to report detailed treatment patterns and to
test the tolerability and effectiveness of oral CT in patients
with CM receiving BoNTA treatment. Our primary objec-
tive was to describe concomitant pharmacological treatment
patterns in patients treated with BONTA. Secondary objec-
tives included the comparison of monthly headache days
(MHD) and monthly days with acute medication use (AMD)
between patients with concomitant oral treatment (CT+)
and those without (CT—), and stating side effects associ-
ated with the concomitant treatment by use of the Clinical
Global Impressions Scale-Efficacy Index [27].

2 Methods
2.1 Study Design and Setting

This is a multicenter, observational, retrospective, cohort
study conducted at the Neurology Departments of Charité
Universitatsmedizin Berlin, IRCCS Mondino Foundation of
Pavia, Italy, and the University of L’Aquila, Italy. We col-
lected data from patients with CM receiving preventive treat-
ment with BONTA between January 2016 and March 2021.
Data from the first four treatment cycles were obtained from
all eligible patients.

The study was approved by the ethics committees of
the three participating sites under local regulations (Ber-
lin AE1/159/22, Pavia 0097925/21, and L’Aquila 34/2021).
Informed consent was obtained from all patients enrolled
in Pavia and L’Aquila centers, while the document was not
required in Berlin because of the retrospective nature of the
study. This study was performed in accordance with the
“Strengthening the Reporting of Observational Studies in
Epidemiology” (STROBE) statement for cohort studies.

2.2 Participants and Study Size
2.2.1 Study Groups

This study included two study groups. Group 1 included
patients who received only BoNTA treatment without any
concomitant oral treatments (CT—). Group 2 included all
patients who received BONTA and at least one concomitant
oral treatment with a potential effect on migraine (CT+)
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during at least one treatment cycle. We considered anticon-
vulsants, antidepressants, and antihypertensive drugs as drug
classes with a potential effect on migraine. Additionally, all
drugs prescribed by a headache specialist for the indication
of migraine prophylactic treatment were assumed to have a
potential effect on migraine.

We stratified group 2 based on the indication of the CT
into patients with at least one CT prescribed specifically
for migraine (CT+M) and those with CT prescribed not
for migraine (CT+O) [e.g., prescribed for hypertension or
depression]. The decision to start, modify, or stop a con-
comitant treatment was based on the clinical judgment of
the treating physicians.

2.2.2 Patient Selection

We screened the electronic charts of all patients with
migraine who received BoNTA in the selected period.
Inclusion criteria for this analysis were: (1) age >18 years
at treatment initiation, (2) diagnosis of CM according to the
International Classification of Headache Disorders, Third
Edition criteria [28], and (3) health records and headache
diary data availability for at least four subsequent treatment
cycles with BoNTA according to the PREEMPT injection
paradigm (155-195 U in 31-39 injection sites every 12
weeks) [29]. We excluded patients with insufficient health
and/or headache documentation or who had already received
BoNTA treatment before the observation period. Because of
the retrospective observational nature of the study, we did
not calculate a sample size but simply enrolled all eligible
patients over the period indicated above.

2.3 Data Sources

All data were obtained from the electronic patient records.
We collected general health history and headache-specific
history. Currently used medications were classified into
with/without a potential migraine preventive effect and pre-
scribed/not prescribed for migraine as mentioned above.
Headache-related variables were extracted from electronic
or paper headache diaries. A headache day was defined as a
day on which at least 30 minutes of headache was reported
with a visual analog scale score (range 0-10) of at least 1.
An acute medication day was defined as any headache day
on which acute medication was taken. Acute medication
included nonsteroidal anti-inflammatory drugs, analgesics,
and/or triptans.

2.4 Variables

We evaluated demographic variables, including age, sex,
migraine disease duration, the occurrence of migraine aura,
prior migraine prophylactic treatments before BoNTA

treatment, and current medications. From the headache diaries,
we extracted the variables: MHD and AMD. For this analysis,
a month was defined as a 28-day period. A MHD was defined
as a day with a reported headache of at least 30 minutes and
an AMD as a day with a headache on which acute medica-
tion (non-steroidal anti-inflammatory drug and/or triptan) was
used. The baseline MHD and AMD values were calculated
from the 4 weeks before BONTA initiation. The mean MHD
and AMD were also calculated for every 12 weeks after each
of the four BONTA treatments. Based on these variables, we
calculated the 30% and 50% responder rates, which represent
the percentage of patients with a reduction in MHD by at
least 30% or 50% from baseline during the 12-week periods
after each BONTA cycle. Based on the electronic charts of the
patient’s treatment, we assessed the side effects associated with
the CT+M and scored them according to the Clinical Global
Impressions Scale-Efficacy Index [27]. The side effects were
ranked as “None,” “Do not significantly interfere with patient
functioning,” “Significantly interfere with patient functioning,”
or “Outweigh the therapeutic effect,” based on the available
documentation.

2.5 Statistical Analyses

We reported continuous variables as means and standard
deviations or median and 95% confidence interval (CI) for the
median. Categorical variables were reported as number (%).
In the case of missing headache documentation, we used the
last observation carried forward approach. Patients for whom it
was not possible to calculate MHD and AMD at baseline and/
or from at least two out of the four follow-ups were excluded.

As our data were not normally distributed, as assessed
with the Kolmogorov—Smirnov test, we used non-parametric
statistics. We used Friedman’s two-way analysis of variance
by rank test for repeated measurements with a Dunn’s pair-
wise post-hoc-test. P-values were adjusted by the Bonferroni
correction for multiple testing. To assess the effect size, we
estimated Kendall’s Concordance Coefficient W, where 0
(indicates no relationship) and 1 (indicates a perfect rela-
tionship). To compare groups, we applied the Independent-
Samples Mann—Whitney U Test or the Independent-Samples
Kruskal-Wallis Test as appropriate. A value of p < 0.05 was
considered statistically significant. Statistical analyses were
performed with IBM SPSS Statistics, version 28.0.1.0 (IBM,
Armonk, NY, USA).

3 Results
3.1 Participants

At all three centers, 314 patients were treated with at least
four cycles of BoNTA between January 2016 and March
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Fig. 1 Flowchart of patient
selection and inclusion. BONTA
onabotulinumtoxinA, CT—
patients without concomitant
treatment, CT+ patients with at
least one concomitant treatment

Identified patients who received at least
four BONTA treatments between
January 2016 and March 2021

n=314
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2021. Among those, we identified 178 patients who were
eligible for our study. Patient disposition and reasons for
exclusion are displayed in the flow chart (Fig. 1).

3.2 Demographic Characteristics

Of the 178 included patients, 70 (39.3%) patients only
received a BoNTA treatment without any concomitant oral
treatments (CT—). The remaining 108 (60.7%) patients
received at least one concomitant oral treatment (CT+).

Patients in the CT— group were on average younger
compared with patients in the CT+ group (p = 0.005).
On average, patients had already not responded to 2.6 +
1.5 prior preventive treatments, which were discontinued
because of a lack of efficacy or limiting side effects.

Almost half (n = 87, 48.9%) of our patients were diag-
nosed with medication overuse headache. Patients with
CT+ and CT—- had a comparable incidence of medica-
tion overuse headache (49.1% vs 48.9%, respectively).
Patients with CT+, however, were more likely to experi-
ence a medication overuse headache previously (23.1% vs
5.7%, respectively). A mood disorder was diagnosed in 73
patients (41.0%) and an anxiety disorder in 61 (34.3%).
Mood or anxiety disorders and hypertension were diag-
nosed more often in patients with CT+ compared with
patients with CT— (respectively, p = 0.003, p < 0.001,
and p = 0.003). All patients’ characteristics are shown in
Table 1.
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3.3 Concomitant Oral Treatment
3.3.1 Concomitant Migraine Prophylactic Treatment

Our cohort included 74 (41.6%) patients who received at
least one concomitant oral treatment prescribed specifically
for migraine (CT+M) during the first four treatments with
BoNTA. These patients received one (n = 53, 71.6%), two
(n =12, 16.2%), or three (n = 9, 12.2%) CT+M. Table 2
provides an overview of the prescribed CT+M drugs.

From the patients with one CT (n = 53, 71.6%), the
CT remained unchanged in 31 patients (58%) during the
first four treatment cycles with BONTA. Eight patients
(15%) started CT and 13 (25%) stopped CT. One patient
(2%) started and stopped CT over the course of 1 year with
BoNTA.

Of the patients with two CT (n = 12, 16.2%), five patients
(52%) did not change the CT during the first four cycles
with BoNTA. Two patients (17%) stopped one CT, one
patient (8%) started one CT, and one patient (8%) started
and stopped one CT. Two patients (17%) started and stopped
both CTs, and one patient stopped both CTs.

From the patients with three CTs (n =9, 12.2%), all CTs
remained unchanged in two patients (22%). Three patients
(33%) started a third CT and one (11%) stopped a third CT.
Three patients (33%) started a second and third CT.

Side effects caused by the CT+M during the first four
treatment cycles with BONTA were reported by 15 (20.3%)
patients. Only in three (4.1%) of these patients did side
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Table 1 Patient characteristics for study groups and strata (n = 178)

Strata
Total cohort CT- CT+ p-value CT+M CT+0 p-value p-value
CT-vs CT+ CT+M vs CT+0  CT-vs CT+M vs CT+O
n=178 n="70 n=108 n="74 n=734
Age in years 474 +£129 437127 499 +12.5 0.005* 489+ 132 519+10.6 0.202 0.008*
Sex 1.000 0.579 0.804
Female 149 (83.7) 59(84.3) 90(83.3) 63 (85.1)  27(79.4)
Male 29 (16.3) 11 (15.7) 18 (16.7) 11(149)  7(20.6)
Migraine onset, age in years  19.4+11.6 21.1 +12.6 184 +10.9 0.250 184 +11.6 185+98 0.626 0.462
Disease duration, in years 274 +149 22.6+139 303 +149 0.001** 28.7+ 152 332 +139 0.101 0.002*
Migraine aura 49 (27.5) 20(28.6) 29(269) 0.864 19 (25.7) 10(29.4)  0.816 0.905
Prior prophylactics
Mean no. of prophylactic 26+1.5 23+12 28+1.6 0.055 29+16 24+16 0.126 0.049%*
attempts
Antidepressant 126 (71.2) 46(65.7) 80(74.8)  0.235 60(82.2) 20(58.8) 0.016* 0.019*
Anticonvulsant 134 (75.7) 55(78.6)  79(73.8) 0.482 56 (76.7) 23 (67.6) 0.351 0.466
Beta-blocker 88 (49.7) 35(50.0)0 53(49.5) 1.000 34 (46.6) 19 (55.9) 0411 0.669
Calcium channel blocker 69 (39.0) 18 (25.7) 51 (47.7) 0.004** 38 (52.1) 13 (38.2) 0.216 0.006*
CGRP(-receptor) mono- 4(2.3) 2(2.9) 2(1.9) 1.000 227 0 0.562 0.690
clonal antibody
Angiotensin blockers 12 (6.8) 2(2.9) 10 (9.3) 0.128 9(12.3) 1(2.9) 0.164 0.460
(ACE / ARB)
Other 26 (14.7) 34.3) 23 (21.5)  0.002%* 18 (24.7)  5(14.7) 0.316 0.002%*
Comorbid diseases
Mood disorder 73 (41.0) 19(27.1)  54(50.0)  0.003%** 37 (50.0) 17 (50.0) 1.000 0.010*
Anxiety 61 (34.3) 8(11.4) 53(49.1)  <0.001*** 41 (55.4) 12(35.3)  0.064 <0.001%**
Low back pain 31 (17.4) 10(14.3) 21(19.4) 0.424 13(17.6)  8(23.5) 0.601 0.501
Sleep apnea 3.7 2(2.9) 1(0.9) 0.562 0 12.9) 0.315 0.312
Hypertension 33 (18.5) 5(7.1) 28 (25.9)  0.003** 13 (17.6) 15 (44.1)  0.005* <0.001 s
Epilepsy 4(2.2) 0 43.7) 0.155 2(2.7) 2(5.9) 0.589 0.145

Values are given as mean =+ standard deviation SD and number (%)

ACE angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blockers, CT- patients without any concomitant oral treatments, CT+
patients who that received at least one concomitant oral treatment, CT+M patients with at least one concomitant oral treatment prescribed spe-
cifically for migraine, CT+O patients with concomitant oral treatment prescribed for other indications than headache only

*Indicates a statistically significant difference (p < 0.05), **indicates a statistically significant difference (p < 0.01), and ***indicates a statisti-

cally significant difference (p < 0.001)

effects (all in topiramate 200-mg daily users) significantly
interfere with the patient’s functioning according to the
Clinical Global Impression-Efficacy Index. Table 1 in the
Electronic Supplementary Material (ESM) shows the num-
ber of side effects and the corresponding drug per drug class.

3.3.2 Concomitant Oral Medication Not For Headache

34 patients (19.1%) receive a concomitant oral treatment
prescribed for an indication other than headache (CT+O).
The majority had one additional treatment (n = 21, 61.8%).
Thirteen (38.2%) patients had two additional treatments.
The CT+O most frequently prescribed were antidepres-
sants in 23 (67.6%) patients and antihypertensive drugs in 16
(47.1%) patients. In the majority of these patients (n = 31,

91.2%), the treatment remained unchanged during the first
four cycles with BONTA. A detailed overview of prescribed
treatments not for headache is shown in Table 3.

3.4 Monthly Headache Days

Table 4 shows MHD at baseline and their change after
the first four treatment cycles with BONTA for patients
with CT—, CT+, and the strata CT+M and CT+O. In the
CT- group (n = 70, 39.3%), the median MHD decreased
from 20 (95% CI 19, 25) at baseline to 8.5 (95% CI 7, 10) in
the 12 weeks after the fourth treatment cycle with BoNTA (p
< 0.001). Patients with CT+ (n = 108, 60.7%) also showed
a significant reduction in MHD from 22 (95% CI 20, 25)
at baseline to 11 (95% CI1 9, 14) during the 12 weeks after
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Table2 Overview of prescribed CT+M treatments (n = 74)

[A] Number of additional CT+M

Number of patients (%)

Mean dose + SD

Dose range (mg)

One CT+M 53 (71.6)
Two CT+M 12 (16.2)
Three CT+M 9(12.2)
[B] Drug
Antidepressant
Anmitriptyline 23 (22.1)
Venlafaxine 5(4.8)
Duloxetine 2(1.9)
Sertraline 2(1.9)
Citalopram 1(1)
Escitalopram 1(1)
Paroxetine 1(1)
Total 35 (47.3)
Anticonvulsant
Topiramate 20 (19.2)
Pregabalin 4(3.8)
Gabapentin 4(3.8)
Valproate 3.9
Carbamazepine 2(1.9)
Lamotrigine 1(1)
Total 34 (45.9)
Beta-blocker
Propranolol 6(5.8)
Metoprolol 54.8)
Atenolol 54.8)
Total 16 (21.6)
Antihypertensive drug
Cinnarizine 9(8.7)
Candesartan 4(3.8)
Verapamil 2(1.9)
Flunarizine 1(1)
Total 16 (21.6)
Antipsychotic drug
Quetiapine 2(1.9)

26.4 +33.5mg
120 + 81.3 mg
Unknown
Unknown
Unknown
Unknown
Unknown

119.7 + 53.1 mg
Unknown
Unknown

600 + 0 mg
Unknown
Unknown

(10-150 mg)
(37.5-225 mg)

(50-200 mg)

(600600 mg)

133.3 + 82.6 mg (80-240 mg)
73 +33.7 mg (25-100 mg)
100 + 0 mg (100-100 mg)
75 + 0 mg (7575 mg)
13 + 0 mg (13-13 mg)
Unknown -

7.5 +0mg (7.5-7.5 mg)
Unknown -

CT+M concomitant migraine preventive, CGRP calcitonin gene-related peptide, SD standard deviation

the fourth cycle with BONTA (p < 0.001). Figure 2 illus-
trates the > 30% and > 50% responder rates in the total
population and the CT— and CT+ groups. A reduction of
at least 30% of MHD was achieved by 49 (70.0%) and 59
(54.6%) of patients with CT— and CT+, respectively, after
cycle 2 compared with baseline (p = 0.043). After cycle 4,
a reduction of at least 30% of MHD compared with baseline
was achieved by 52 (74.3%) and 63 (58.3%) of patients with
CT- and CT+, respectively (p = 0.037). We did not detect
significant differences between patients with CT— and CT+
for the > 50% responder rate.

In the stratification for CT+M (n = 74) versus CT+O (n
= 34), both groups had a significant reduction in MHD from
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baseline to the first four treatment cycles with BoNTA (p
< 0.001 for both groups). However, patients with a CT+M
showed a significantly lower reduction in MHD after cycles
2-4, compared to patients with CT— (p = 0.002, p = 0.001,
and p = 0.004, respectively) and to patients with CT4+O (p
= 0.008, p < 0.001, and p = 0.006 respectively). Figure 3
illustrates the > 30% and > 50% responder rates in the two
population strata. After cycle 3, 26 (76.5%) and 24 (70.6%)
patients with CT+O achieved, respectively, a 30% and 50%
reduction of MHD compared with baseline. For patients
with CT+M, these were respectively 37 (50.0%, p = 0.012)
and 27 (36.5%, p = 0.002) patients. A 30% and 50% reduc-
tion of MHD compared with baseline was achieved by 26
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Table3 Overview of treatments prescribed not for headache (n =
108)

CT+M CT+O Total
nm=74) (n =34 (n=108)
[A] Number of additional drugs
None 31(41.9) 0(0) 31 (28.7)
One 38 (51.4) 21(61.8) 59 (54.6)
Two 5(6.8) 13 (38.2) 18 (16.7)
[B] Drug classes
None 31(41.9) 0(0) 31(28.7)
Antidepressant 26 (35.1) 14(41.2) 40@37)
Antihypertensive drug 10 (13.5) 4 (11.8) 14 (13)
Anticonvulsant 2(2.7) 3(8.8) 5(4.6)
Antidepressant + 5(6.8) 8 (23.5) 13 (12)
antihypertensive drug
Two antihypertensive drugs 0(0) 4(11.8) 4. (3.7)
Antidepressant + anticonvulsant 0 (0) 12.9) 1(0.9)

Variables are presented as number of patients (%)

CT+0O concomitant treatment not for headache, CT+M concomitant
migraine preventive

(67.5%) and 21 (61.8%) patients with CT+O compared with
37 (50.0%) and 28 (37.8%) patients with CT+M, respec-
tively (p = 0.012 and p = 0.024).

3.5 Monthly Acute Medication Days

Table 5 shows the change in AMD from baseline and after
the first four treatment cycles with BoONTA for patients
with CT—, CT+, and the strata CT+M and CT+O. In the
total cohort, AMD decreased from a median of 15 (95% CI
15, 17) during baseline to 7 (95% CI 6, 8) after the fourth
treatment cycle with BoNTA (p < 0.001). A difference in
the reduction of AMD was observed after cycle 2 between
CT- and CT+M (p = 0.014) and between CT+M and
CT+O (p = 0.019). During cycle 3, a difference between
patients with CT+M and CT+O (p = 0.030) was observed.

4 Discussion

In this multicenter real-life study, BONTA treatment was
well tolerated, and no important side effects were regis-
tered even with an additional concomitant oral preventive
drug. Our data confirmed the well-established efficacy of
BoNTA with a median reduction of 8 MHD after the fourth
treatment cycle compared with baseline, regardless of the
use of a concomitant oral preventive treatment, in line with
previous reports [6, 30]. After stratification, we observed a
greater reduction in MHD in patients without concomitant
oral treatment after cycles 2—4 compared with patients with

oral concomitant oral treatments. This observation could
probably be explained by a higher disease burden in patients
with oral concomitant therapies as suggested by the higher
number of prior preventive treatments, and psychological
and non-psychological comorbidities. These clinical features
are well-known negative predictors of response to migraine
prevention therapies [31].

Our cohort highlights the high frequency of polypharma-
cological treatment patterns in patients with CM. The major-
ity of patients treated with BONTA (60.7%) were taking con-
comitant medications. Among these, for 74 (41.6%) patients,
these drugs were prescribed with an exclusive indication for
migraine, while the remaining had other comorbidities for
which they required medications such as anxiety or depres-
sion. Polytherapy was well tolerated, and side effects were
registered in 15 subjects only (20.3%). That is significantly
lower than reported in the literature regarding oral medica-
tions, which are well known for lacking persistence [32].
Most patients in our study were already taking a well-toler-
ated, but not sufficiently effective CT at a stable dose before
starting BONTA treatment, thus minimizing possible col-
lateral effects. However, in some patients, the possible use
of a lower-than-average dose of oral treatment (e.g., a low
dose of amitriptyline as shown in Table 2, compared to the
minimum/standard dose recognized as effective [19]) could
lead to a lower-than-expected incidence of adverse events
and a higher persistence among the patients.

Monotherapy is recommended for migraine preventive
treatment based on the evidence available in the literature
and clinical practice [33]. However, patients with CM are
notably difficult to treat and often resistant or refractory to
treatments [19]. Therefore, they often require polytherapy.
For example, up to 63.3% of cases of patients with medi-
cation overuse headache were receiving polytherapy when
admitted for a detoxification program in a tertiary headache
center in Italy [34]. In addition, polytherapy could be justi-
fied even in patients who have a good response to migraine
treatments, but a high number of residual MHD [35]. How-
ever, to date, only topiramate, anti-CGRP(-receptor) antibod-
ies, and BoNTA are the treatments specifically approved for
CM prophylaxis and few data regarding the use of concomi-
tant therapies are available from real-life studies (Table 2
in the ESM). In most of these studies, patients receiving
BoNTA were also taking concomitant oral medications,
but neither efficacy nor safety was assessed by stratifying
the population according to this parameter. The COMPEL
study found that patients receiving concomitant preventive
treatment at baseline had a significantly smaller reduction
in MHD from baseline at week 108 in comparison with
patients not receiving preventive treatment at baseline [36].
Casucci et al. [37] suggested that add-on therapy should
be considered in patients who present with high disability
[34], concurrent risk factors or comorbidities, and a history
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Table 4 Absolute change in monthly headache days during treatment cycles 1-4 compared to baseline

(Absolute change from baseline)

Baseline Cycle 1 Cycle 2 Cycle 3 Cycle 4
Monthly headache =~ Median (95% CI) Median (95% CI) Median (95% CI) Median (95% CI) Median (95% CI) p-value * Kendall’s
days w
Total cohort (n = 20 (20, 23) -5(-6,-3) -8(-8,-6) -9(-10,-6) -8(-9,-6) < 0.001*** 0.327"
178)
[A] Patients CT- 20 (19, 25) -5-17,-1) -8(-10,-6) -95(-11,-8) -9(-13,-6) < 0.007] % 0.469"
(n="170)
[B] Patients CT+ 22 (20, 25) -5(-17,-1) -7(-8,-4) -8(-11,-6) -8(-9,-5) < 0.001*** 0.258
(n=108)
Between-group
difference®
[A vs B] 0.063 0.603 0.013* 0.061 0.047*
Strata
[C] Patients with 23 (20, 27) -5-17,-1) -7(-8,-2) -6(-9,-2) -6.0(-9,-3) < 0.001%** 0.200
CT+M (n=174)
[D] Patients with 20.5 (17, 25) -65(=12,-1) -8(-11,-4) -11.5(-=16,-7) -9.0(-12,-6) <0.001%*** 0.427"
CT+0 (n=34)
Between-group
difference®
[A vs Cvs D] 0.058 0.190 0.002%** < 0.001%** 0.003%%*
Pairwise
comparisons®
[A vs C] 0.020%* 0.243 0.0027%* 0.001%*%* 0.004%%*
[A vs D] 0.750 0.421 0.757 0.208 0.690
[Cvs D] 0.142 0.083 0.008* < 0.001#%** 0.006*

CI confidence interval

CT- patients without any concomitant oral treatments, CT+ patients who that received at least one concomitant oral treatment, CT+M patients
with at least one concomitant oral treatment prescribed specifically for migraine, CT+0O patients with concomitant oral treatment prescribed for
other indications than headache only, 95% CI 95% confidence interval for the median

*Indicates a statistically significant difference of p < 0.05, **indicates a statistically significant difference of p < 0.01, and ***indicates a statis-
tically significant difference of p < 0.001

‘Indicates the effect size of w < 0.3 (small effect), “indicates the effect size of w 0.3 to < 0.5 (moderate effect), and “indicates the effect size of
w > 0.5 (large effect)

4p-values are estimated by a "“Related-Samples Friedman’'s Two-Way Analysis of Variance by Ranks

L]

L]

®p-values are estimated by an “"Independent-Samples Mann—Whitney U Test

L]

‘p-values are estimated by an “"Independent-Samples Kruskal-Wallis Test

o 20

dp-values are estimated by a “"Dunn’s Multiple Comparison Test”" and are corrected by the “"Bonferroni correction for multiple tests

of failed preventive treatments. A recent Italian consensus
paper suggests adding concomitant prophylaxis when the
> 50% reduction in MHD is not achieved and no improve-
ments in any of the efficacy/benefit indicators are observed
[38]. In this framework, our data support the possibility of
using concomitant oral prophylaxis in those difficult-to-treat
patients or those lacking a sufficient response to BONTA,
with no fear of an increase in adverse event incidence.

In this real-life multicenter study, it is also possible
to observe the debatable choice of using off-label drugs
that are not recommended by current guidelines specifi-
cally for migraine prophylaxis, such as gabapentin among
the anticonvulsants or quetiapine, a second-generation
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antipsychotic. This choice probably derives from a few stud-
ies that assessed the effectiveness of the above-mentioned
molecules even though there is insufficient evidence to
support their inclusion in the list of effective therapies [39,
40]. However, this phenomenon points to the necessity for
physicians to find acceptable alternatives to help resistant/
refractory patients.

Finally, it would be interesting to address the reasons
why many drugs were kept once BONTA was added to the
prophylaxis. Lacking a demonstration of the BoNTA addi-
tive effect over the other classes of treatment, this observa-
tion could reflect the fear of both patients and physicians that
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Fig.2 The 30% and 50% reduc-
tion of monthly headache days

from baseline for patients with 100%
CT- and CT+ during treatment
cycles 1 to 4 80% T‘
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50% Responder rate
100%

!—‘ 80%
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40%
20%

0%

Cycle | Cycle2 Cycle3 Cycle 4

M Patients without any concomitant treatments (CT-), n = 70
M Patients with at least one concomitant treatment (CT+), n = 108

e p<0.05

Fig.3 The 30% and 50% reduc-
tion of monthly headache days
from baseline for patients with
CT—-, CT+M, and CT+O dur-
ing treatment cycles 1 to 4 80%

100%

40%
20%

0%
Cycle |

30% Responder rate

. S
60% W T' F‘ 60%

Cycle 2 Cycle 3 Cycle 4

50% Responder rate
100%

80% .

ST

20%

0%

Cycle | Cycle2 Cycle 3 Cycle 4

M Patients without any concomitant treatments (CT-), n = 70
M Patients with at least one concomitant treatment prescribed specifically for migraine (CT+M), n = 74
W Patients with concomitant treatment prescribed for another indications than headache only (CT+O), n = 34

e p<005

the improvement obtained with BONTA may be jeopardized
by the interruption.

Overall, this study is not without limitations. First,
it was a retrospective observational study, although the
strength of the data is supported by the use of documented
health records and by the prospectively compiled head-
ache diaries. Second, we collected data over a 4-year
observation period that coincided with the advent of the
CGRP-targeting monoclonal antibody. This event is likely
to have introduced dynamic changes in the routine man-
agement of subjects. Moreover, the lack of consensus on
the minimum/target dosage for oral migraine preventive
treatments and on the duration of exposure for the assess-
ment of efficacy may have introduced a huge variability
among the different dosing schemes [19], especially when
it comes to the use of these molecules for two different
purposes (e.g., hypertension and migraine or mood dis-
order and migraine). As a real-life study, it was decided
to include all the possible dosages used to depict the

different attitudes toward combination therapy. To create
a homogeneous dataset that was as complete as possible,
we excluded patients with incomplete data or early treat-
ment termination. Furthermore, we excluded patients with
prior experience with BONTA, as complete information
about the effectiveness was not available at our centers and
we preferred including “naive” subjects only. Therefore,
only those who started the treatment during the timeframe
mentioned were considered for a more comprehensive
analysis. This could have led to selection bias, excluding
patients with poor response or with compliance issues with
BoNTA and/or the other migraine preventive treatments.
Moreover, the duration of our baseline (28 days before
the first treatment cycle) might be too short for an accu-
rate representative baseline, as the MHD might vary from
month to month. Therefore, part of our results may have
been caused by the natural course and monthly variance
of the headache frequency. However, our sample size is
large enough to reduce this bias to a minimum. Finally, we
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Table 5 Absolute change in monthly acute medication days during treatment cycles 1-4 compared to baseline

(Absolute change from baseline)

Baseline Cycle 1 Cycle 2 Cycle 3 Cycle 4
Monthly headache ~ Median (95% CI) Median (95% CI) Median (95% CI) Median (95% CI) Median (95% CI) p-value * Kendall’s
days w
Total cohort 15 (15, 17) -5-6,-3 —-7(-8-5 —-6-7-4 —-6(-17-—-4 <0001*** 0242
(n=149)
[A] Patients CT— 13 (12, 16) —4(-5-1 —-6(-8-3 —6(-9,—-4 —-55(-17-4 <0.001*+* (0.328"
(n=49)
[B] Patients CT+ 16 (15, 19) - 6(-7,-4 -7(-8,-4) -6.5(-10,-5) -65(-9,-95) < 0.001#** 0.213
(n =100)
Between-group
difference®
[A vs B] 0.047 0.628 0.083 0.639 0.504
Strata
[C] Patients with 15 (15, 20) -5(-17,-3) -6(-7,-2) -55(-7,-3) -5(-17,-2) < 0.001***  0.170
CT+M (n = 68)
[D] Patients with 17.5 (15, 20) -10(-11,-4) -105(-12,-7) —-11.5(-14,-7) —-10(-13,-6) < 0.001#**  0.335"
CT+0 (n=32)
Between-group dif-
ference ©
[Avs Cvs D] 0.106 0.394 0.016* 0.068 0.314
Pairwise compari-
sons ¢
[A vs C] 0.145 0.352 0.014* 0.165 0.262
[A vs D] 0.031%* 0.626 0.867 0.193 0.718
[C vs D] 0.570 0.209 0.019* 0.034* 0.172

CI confidence interval

CT- patients without any concomitant oral treatments, CT+ patients who that received at least one concomitant oral treatment, CT+M patients
with at least one concomitant oral treatment prescribed specifically for migraine, CT+0O patients with concomitant oral treatment prescribed for
other indications than headache only

*Indicates a statistically significant difference of p < 0.05, **indicates a statistically significant difference of p < 0.01, and *** indicates a statis-
tically significant difference of p < 0.001

‘Indicates the effect size of w < 0.3 (small effect), “indicates the effect size of w 0.3 to < 0.5 (moderate effect), and ™ Indicates the effect size of
w > 0.5 (large effect)

dp-values are estimated by a “"Related-Samples Friedman’'s Two-Way Analysis of Variance by Ranks

L]

L]

®p-values are estimated by an “"Independent-Samples Mann—Whitney U Test

L]

‘p-values are estimated by an “"Independent-Samples Kruskal-Wallis Test

o 20

dp-values are estimated by a “"Dunn’s Multiple Comparison Test”" and are corrected by the “"Bonferroni correction for multiple tests

did not consider if CT was started before or after BONTA
treatment in our analysis. Moreover, we did not stratify for
this feature in the subsequent comparative analysis. This
may introduce bias, which could lead to an underestima-
tion of the true association and the possible synergic effect
of the two types of medication.

5 Conclusions
This multicenter retrospective study described the real-

life clinical practice regarding the use of combinations
of oral preventive medications and BoNTA in a large
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cohort of patients with a follow-up of at least 12 months.
In our cohort of patients treated with BoNTA, concomi-
tant migraine prevention demonstrated excellent toler-
ability, and we did not observe unexpected safety con-
cerns. Patients treated with a combination of prophylaxis
treatment reported a smaller reduction in MHD, possibly
because of a higher burden of disease, while we did not
detect any signal pointing toward safety concerns when
combining oral preventive treatments with BONTA. Fur-
ther studies are needed to address the real extent of the
additive effect that the combination of different drugs
might have in specifically selected populations such as
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those with resistant or refractory migraine or medication
overuse.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40263-023-01001-y.
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