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Abstract

Background: OnabotulinumtoxinA has been widely used for control of chronic migraine. The aim of the current
study was to evaluate the efficacy of different doses of the onabotulinumtoxinA therapy in patients with chronic
migraine.

Methods: This is a retrospective paired comparison study on patients with chronic migraine who received at least
3 rounds of 150 units of onabotulinumtoxinA followed by at least 3 rounds of 200 units of onabotulinumtoxinA. The
data from the patient-reported questionnaires about headache days, severe headache days and wearing off periods
were reviewed.

Results: A total of 175 patients were included in this study. The headache days and severe headache days decreased
from 13.62+£10.79 and 588 +£6.73 to 11.02+10.61and 4.01 £ 4.89days, after increase in the onabotulinumtoxinA

dose, respectively (P<0.001 for both comparisons). The favorable effect of the 200 units compared to the 150 units of
the onabotulinumtoxinA, was independent from the headache location and the duration of the onabotulinumtoxinA
150 units therapy; and persisted as patients continued to receive the higher dose of onabotulinumtoxinA. Increase in

onabotulinumtoxinA.

the onabotulinumtoxinA dose was also associated with a decreased wearing off period (P <0.05).

Conclusion: We found that increase in the onabotulinumtoxinA is associated with fewer headache and severe
headache days. Future randomized clinical trials are needed to confirm the dose-dependent response to
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Background

Headache is among the most common chief complaints
in medicine and neurology [1]. Globally, headache is the
second leading cause of years living with disability [2].
Migraine as the second most common primary headache
disorder, accounts for the majority of headache related
disability and clinic visits [3]. It affects around 10 % of the
population and imposes a huge burden on society [2, 3].
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Epidemiologic studies have shown that around 2 %
of the adult population suffers from chronic migraine,
which is distinguished from episodic migraine by the
number of the headache days [4, 5]. Chronic migraine
is far more debilitating and is associated with higher
rates of anxiety and depression [6]. Patients with chronic
migraine are less successful in their career and have
lower income [6]. The higher burden of chronic migraine
further necessitates the need for better treatment in this
subgroup of patients. Unfortunately, the frequent use of
acute pain medications like non-steroidals, triptans, or
opioids, may complicate the treatment in patients with
chronic migraine [7, 8].

OnabotulinumtoxinA has been found to be effective
against a variety of painful disorders, including chronic
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migraine, myofascial and neuropathic pain [9-11].
In 2010, United States food and drug administration
approved onabotulinumtoxinA as a preventative therapy
for chronic migraine (https://www.accessdata.fda.gov/
drugsatfda_docs/label/2011/103000s5236lbl.pdf). It is
associated with improvement in several headache related
measures, like frequency of headache and migraine days,
pain intensity, headache related disability and quality of
life [11-13]; and its beneficial trend persists over one year
after the initiation of the therapy [14, 15]. Earlier ther-
apy with onabotulinumtoxinA is associated with more
favorable and sustained response [16]. Although the role
of onabotulinumtoxinA in treatment of chronic migraine
is well studied, it is not clear if its beneficial effect is dose
dependent. In the Phase 3 REsearch Evaluating Migraine
Prophylaxis Therapy (PREEMPT) trial, providers were
allowed to increase the administered dose of onabotuli-
numtoxinA by 40 units which roughly equals 25% of the
minimum injected dose [11]. Similarly, headache pro-
viders commonly modify the onabotulinumtoxinA dose,
even though, thus far, there is no compelling evidence of
a dose dependent response [17].

The highly disabling nature of the chronic migraine
dictates the need for more effective treatments. Overall,
the prophylactic migraine treatments are underutilized,
although their use results in lower healthcare costs [18,
19]. OnabotulinumtoxinA is not an exception here, and
patients may benefit from higher doses of onabotulinum-
toxinA. The aim of the current study is to better char-
acterize the role of the onabotulinumtoxinA therapy in
chronic migraine and determine whether its effect is dose
dependent.

Methods
Study population
This is a retrospective paired comparison study con-
ducted on patients who were receiving onabotulinumtox-
inA for chronic migraine at Mayo Clinic, Rochester, MN.
Chronic migraine was defined as >15 headache days
per month, with headaches having migrainous features
on >8days per month, averaged over the previous three
months (https://ichd-3.org/1-migraine/1-3-chronic-
migraine/). Charts of the patients who visited our onabot-
ulinumtoxinA clinic from 10/1/2020 till 12/31/2020 were
reviewed. In order to be eligible for this study, patients
should have at least three rounds of onabotulinumtoxinA
150 units followed by at least three rounds of onabotu-
linumtoxinA 200units. In accordance with the State of
Minnesota law, the individuals who declined the use of
their medical records for research, were not included.
Additionally, individuals with missing data, and those
who did not show up within one week before or after the
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due date for their next onabotulinumtoxinA appoint-
ment, were excluded. This study was approved by Mayo
Clinic Institutional Review Board (registration number
20-012142).

OnabotulinumtoxinA injection protocol

At Mayo Clinic in Rochester, for migraine prophylaxis
patients start with 150units of onabotulinumtoxinA.
The injections sites and the doses are shown in Fig. 1. In
summary, during onabotulinumtoxinA 150 units rounds,
patients receive 5 units (1 injection site) in procerus mus-
cle, 5units (1 injection site) in each corrugator muscle,
5units (2 injections sites) each frontalis muscle, 12.5 units
(2 injection sites) each temporalis muscle, 12.5units (2
injection sites) each occipitalis muscle, 12.5 (2 injection
sites) each splenius muscle and 25 units (3 injection sites)
each trapezius muscle. In our clinic, patients have routine
follow up appointments nine months after the start of the
onabotulinumtoxinA therapy, followed by semiannual
clinic visits. During these visits, patients are asked if they
are satisfied with their headache control. If not, providers
discuss different headache treatment options including
an increase in the onabotulinumtoxinA dose. If at least
by the third round of the 150 units onabotulinumtoxinA,
patients do not reach their self-defined optimal response,
the onabotulinumtoxinA dose may be increased to
200 units. The injections sites and the doses for 200 units
protocol are shown in Fig. 2. In summary, during onabot-
ulinumtoxinA 200 units rounds, patients receive 5units
(1 injection site) in procerus muscle, 5units (1 injection
site) in each corrugator muscle, 5 units (2 injections sites)
each frontalis muscle, 25units (4 injection sites) each
temporalis muscle, 25 units (4 injection sites) each occip-
italis muscle, 12.5 (2 injection sites) each splenius mus-
cle and 25 units (3 injection sites) each trapezius muscle.
Hence, the extra 50 units are divided and injected evenly
into the temporalis and occipitalis muscles.

Data collection
The Electronic Medical Record system was used to
collect the data, which included age, sex, body mass
index (BMI), age of onset of migraine, headache
location, aura, and family history of headache. The
location of the most intense pain was categorized
as 1: frontal, 2: temporoparietal, 3: occipitonuchal,
and 4: holocephalic. The last clinic note before the
start of the onabotulinumtoxinA therapy was used to
record the number of the baseline headache days and
severe headache days.

The numbers of the different preventative medica-
tions that patients were taking at 36 weeks (equal to
three rounds) before the increase in the dose and at the
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Fig. 1 OnabotulinumtoxinA 150 units protocol. A 5 units (1 injection site) in procerus muscle, 5 units (1 injection site) in each corrugator muscle,
and 5 units (2 injections sites) each frontalis muscle. B 12.5 units (2 injection sites) each temporalis muscle. C 12.5 units (2 injection sites) each
occipitalis muscle. D 12.5 (2 injection sites) each splenius muscle. E 25 units (3 injection sites) each trapezius muscle

Fig. 2 OnabotulinumtoxinA 200 units protocol. A 5 units (1 injection site) in procerus muscle, 5 units (1 injection site) in each corrugator muscle,
and 5 units (2 injections sites) each frontalis muscle. B 25 units (4 injection sites) each temporalis muscle. C 25 units (4 injection sites) each occipitalis
muscle. D 12.5 (2 injection sites) each splenius muscle. E 25 units (3 injection sites) each trapezius muscle

time of the increase to 200units were also collected. sodium valproate, gabapentin, amitriptyline, nortrip-
The considered preventative medications were pro- tyline, venlafaxine and calcitonin gene-related peptide
pranolol, atenolol, metoprolol, verapamil, topiramate, monoclonal antibodies.
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During the onabotulinumtoxinA injection appoint-
ments, patients are required to complete a question-
naire about the total number of the headache days
and self-defined severe headache days they have each
month. They are also inquired if they feel onabotuli-
numtoxinA wears off before their next appointment
and if yes, how long before the appointment, onabotuli-
numtoxinA starts to wear off. Patients’ answers to these
questions during each round of onabotulinumtoxinA
therapy were recorded for the current study.

Table 1 Principal characteristics of the enrolled subjects.
(n=175)
Characteristics Values
Age, year 47314£1345
Sex (Female) 135 (77.1%)
BMI, kg/m? 29724752
Age of onset, year 23.15+13.68
Aura 61 (34.9%)
Family history of headache 124 (70.9%)
Baseline headache days
Total number of headache days 25854573
Number of severe headache days 1520+7.96
Headache location
Frontal 73 (41.7%)
Temporoparietal 51(29.1%)
Occipitonuchal 28 (16.0%)
Holocephalic 23 (13.1%)

Data presented as mean =+ SD, unless otherwise stated
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Statistical analysis

In order to study the efficacy of the higher dose of
onabotulinumtoxinA, paired t-test was used to evalu-
ate the trend of the number of the headache days, severe
headache days and length of the wearing off period after
the increase in the onabotulinumtoxinA dose. P value
<0.05 was considered statistically significant.

Results

Total of 175 patients were included in this study. The
principal characteristics of the individuals are shown
in Table 1. The majority of the individuals were female
(77.1%). The mean=+standard deviation (SD) age and
BMI of the participants were equal to 47.31 £ 13.45years
and 29.72 £7.52kg/m?, respectively. Almost one-third of
the patients had aura (34.9%) and two-thirds had a family
history of migraine (70.9%). The most common headache
location was frontal (41.7%), followed by temporoparietal
(29.1%), occipitonuchal (16.0%) and holocephalic (13.1%).

Figure 3 illustrates the preventative medication use
during the course of the study. The percentages of the
patients who were not on any preventative therapy other
than the onabotulinumtoxinA therapy were not signifi-
cantly different between 36 weeks before and the time of
the increase in the onabotulinumtoxinA dose (46.3%, vs
42.3%, respectively).

Table 2 shows the trend of headache response to
onabotulinumtoxinA. Number of the headache days
and number of severe headache days significantly
decreased after increase in the onabotulinumtoxinA
dose. After 3 rounds of onabotulinumtoxinA 200 units,

\

Preventative regimen 36
weeks before the increase in
the OnabotulinumtoxinA dose OnabotulinumtoxinA dose

4.9 %

Preventative regimen at the
time of the increase in the

Fig. 3 Pattern of the preventative medication use during the course of the study

#No preventative medication other
than OnabotulinumtoxinA

N One preventative medication
other than OnabotulinumtoxinA

# Two preventative medications
other than OnabotulinumtoxinA

# Three preventative medications
other than OnabotulinumtoxinA

& Four or more preventative
medications other than
OnabotulinumtoxinA

0.6 %
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Table 2 Trend of the headache days after increase in the
onabotulinumtoxinA dose. (n=175)

Number of the  Number of the
headache days severe headache
days
Baseline 2585573 1520+ 7.96
36 weeks before the increase 14.22 + 1081 588 +6.80
24 weeks before the increase 13.58 + 1091 546 £6.75
12 weeks before the increase 13.71 £ 1062 5324649
Day of the increase to 200 units  13.62 & 10.79 588+6.73
12 weeks after the increase 11.88+1055% 433 +£523*
24 weeks after the increase 12.38 + 1069 3.83 +£4.96 **
36 weeks after the increase 11.02+£1061* 401 £4.89**

Data presented as mean £ SD; * P<0.01, ** P<0.001 for the paired t-test
compared to the day of increase to 200 units
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the headache days and severe headache days decreased
from 13.62+10.79 and 5.88+6.73 to 11.02+10.61and
4.01 £4.89, respectively (P<0.001 for both comparisons).
This trend persisted after individuals were stratified based
on the duration they had received 150 units of onabotu-
linumtoxinA (Table 3). Total of 83 patients received at
least 8 rounds of onabotulinumtoxinA 150 units (which
roughly equals to 2years). In this subgroup of patients,
there was a trend for worsening of the headache for the
past several months prior to the increase in the onabotu-
linumtoxinA dose. This trend not only stopped but also
reversed after they were placed on the higher dose of the
onabotulinumtoxinA therapy (Table 3). They reported
12.794+9.77 and 6.67 +7.48 headache and severe head-
ache days per month, respectively, at the time of increase
of the onabotulinumtoxinA dose. These numbers
improved to 10.16 +9.57 and 4.22 £ 5.47 after 3 rounds of
onabotulinumtoxinA 200 units (P <0.001 for both com-
parisons). In 22 patients, the onabotulinumtoxinA dose
was increased to 200 units after just 3 rounds of 150 units

Table 3 Trend of the headache days by the duration of onabotulinumtoxin150 units therapy

Number of the Number of the
headache days severe headache
days

Patients who just had 3 rounds of onabotulinumtoxinA 150 units before the increase to 200 units (n=22)

Baseline (36 weeks before the increase) 2586545 13.73+£854

24 weeks before the increase 19414949 8.59+9.11

12 weeks before the increase 1740+£11.13 7.2749.15

Day of increase to 200 Units 15.954+11.02 6.59+6.90

12 weeks after the increase 15.09+12.09 423+577

24 weeks after the increase 13.59+£10.89 4274399

36 weeks after the increase 14.77+£11.53 486+£4.11
Patients who had less than 8 rounds of onabotulinumtoxinA 150 units before the increase to 200 units (n=92)

Baseline 24.84+6.13 1426 +£838

36 weeks before the increase 17.54+£10.90 6.92+7.07

24 weeks before the increase 15.58+11.53 574+7.13

12 weeks before the increase 148941122 508+642

Day of increase to 200 units 14.36+£11.64 517+£592

12 weeks after the increase 12.86+11.36 4.10£4.90

24 weeks after the increase 12.81+£11.36 347411 *

36 weeks after the increase 11.79+£1147*  383+£432*
Patients who had at least 8 rounds of onabotulinumtoxinA 150 units before the increase to 200 units (n = 83)

Baseline 26971504 16.25+7.36

36 weeks before the increase 10.53+948 472+634

24 weeks before the increase 11.37+£9.77 5.16+633

12 weeks before the increase 1240£9.93 559+6.59

Day of increase to 200 units 12.794+9.77 6.67 +7.48

12 weeks after the increase 10.79+£9.52* 459+ 559 **

24 weeks after the increase 11.90+9.94 423+£576 %

36 weeks after the increase 10.16£9.57 **  422+£547**

Data presented as mean £ SD; * P<0.05, ** P<0.01, *** P<0.001 for the paired t-test compared to the day of increase to 200 units
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therapy. These patients also tended to report less head-
aches after increase in the onabotulinumtoxinA dose,
even though the P values did not reach significant levels.

Out of the 175 patients, 117 and 51 patients were fol-
lowed for at least 60 (i.e., 5 rounds) and 84 weeks (i.e., 7
rounds) after the increase in the onabotulinumtoxinA
dose, respectively (Table 4). On average these patients
had 13.29 to 14.59 headache days per month while they
were on 150units of onabotulinumtoxinA. The num-
ber of the headache days reached as low as 10.51+9.74
(P <0.001) and 10.21+9.19 (P <0.01) days per month
after the fifth and the seventh rounds of onabotulinum-
toxinA 200 therapy, respectively. A similar trend existed
for severe headache days. For at least up to 84 weeks after
the increase in the onabotulinumtoxinA dose, patients
continued to experience benefit from the dose increase
(Table 4).

Table4 Trend of the headache days in patients who
were followed for over 36weeks after the increase in the
onabotulinumtoxinA dose

Number of the Number of the
headache days severe headache
days

Patients who were followed for at least 60 weeks after the increase in
onabotulinumtoxinA dose (n=117)

Baseline 2623 £563 1531 +£7383
36 weeks before the increase 13.89 + 10.69 537 +£6.01

24 weeks before the increase 1335+ 1041 534 +640

12 weeks before the increase 13.56 +10.39 499 £+ 627
Day of increase to 200 units 1340+ 1037 528 £6.03

12 weeks after the increase 12.07 £ 1040 447 £569

24 weeks after the increase 1318 +10.77 3.80 +4.98 **
36 weeks after the increase 11.14 £1048** 367 £4.82*
48 weeks after the increase 12.12+£10.70 402 +£551*
60 weeks after the increase 1051 £9.74***  355+£ 493 *

Patients who were followed for at least 84 weeks after the increase in
onabotulinumtoxinA dose (n=51)

Baseline 2721 +£486 17.08 £7.87
36 weeks before the increase 13.294+10.78 508 +547
24 weeks before the increase 1433 £10.55 6.18 +6.89
12 weeks before the increase 1361 +£10.70 537 +£6.08
Day of increase to 200 units 1459 +£10.63 5.00 £ 5.84
12 weeks after the increase 13.67 £10.81 478 +£5.75
24 weeks after the increase 14.84 +10.73 363 +4.27
36 weeks after the increase 1141 +£1051*  361+£439*
48 weeks after the increase 13494+ 11.13 357 4+353
60 weeks after the increase 10.12£9.70** 392 +509
72 weeks after the increase 11.72£10.84 3.84 +4.69
84 weeks after the increase 1021 £9.19**  316+£404*

Data presented as mean £ SD; * P<0.05, ** P<0.01, *** P<0.001 for the paired
t-test compared to the day of increase to 200 units
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Table 5 reports headache days stratified by the loca-
tion of the most intense pain. Overall, patients who did
not report a specific location for their headaches and had
holocephalic pain tended to have more intense head-
aches compared to the people who were able to identify
a location with most intense pain. The favorable effect of
the 200 units compared to the 150 units of the onabotu-
linumtoxinA remained statistically significant in the
frontal and temporoparietal headache groups (P<0.05).
In patients with occipitonuchal and holocephalic head-
aches, onabotulinumtoxinA 200 units tended to be supe-
rior to 150 units, even though the difference did not reach
significant levels. When these two groups were combined
and analyzed together, the difference again became sta-
tistically significant (P <0.05).

Total of 146 patients were on the same number of pre-
ventative medications 36 weeks before and at the time of
escalation of the onabotulinumtoxinA dose. As shown
in Table 6, onabotulinumtoxinA 200 units remained to
be superior to 150units irrespective to the change in
the number of the headache preventative medications
(P<0.05).

Table 7 reports the wearing off period after differ-
ent doses of onabotulinumtoxinA. After excluding new
patients and those who had >25 headache days at the
time of increase and/or 36 weeks after the increase of the
onabotulinumtoxinA, patients reported less wearing off
days while they were on 200 units of onabotulinumtoxinA
(14.68£9.21 vs. 16.91 +10.36 days, P<0.05, Table 7).

Discussion

The data presented in this paired comparison study favor
the onabotulinumtoxinA 200units over 150units in
headache control. The beneficial effect of the higher dose
of onabotulinumtoxinA persisted after patients were
stratified by different confounding variables like duration
of the onabotulinumtoxinA therapy, headache location
and change in the number of the headache preventative
medications. The favorable effect of the higher dose of
onabotulinumtoxinA extended to the wearing off period
as well.

In the PREEMPT 1, onabotulinumtoxinA therapy
led to a significant improvement in the headache days
(— 7.8 and — 6.4 days after onabotulinumtoxinA and pla-
cebo treatments, respectively) and migraine days (—7.6
and —6.1days after onabotulinumtoxinA and placebo
treatments, respectively) [20]. Similarly, PREEMPT 2,
demonstrated significant decrease in the headache days
(—9.0 and—6.7days after onabotulinumtoxinA and
placebo treatments, respectively) and migraine days
(—8.7 and — 6.3 days after onabotulinumtoxinA and pla-
cebo treatments, respectively) [21]. Although both tri-
als favored onabotulinumtoxinA therapy at the dose of
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Table 5 Trend of the headache days by the location of the most intense pain

Number of the headache days Number of the
severe headache
days

Frontal (n=73)
Baseline 26.114+523 15424815
36 weeks before the increase 14.51+£11.09 590+6.74
24 weeks before the increase 14.014+£11.27 511£6.15
12 weeks before the increase 13.08+11.47 583+744
Day of increase to 200 units 13.19£11.33 584+731
12 weeks after the increase 1205+11.15 468+633%
24 weeks after the increase 13411111 457 +£644
36 weeks after the increase 11.374+£11.25*% 4084577 **
Temporoparietal (n=51)
Baseline 26.16£5.63 1537+7.80
36 weeks before the increase 14.06+10.85 525+569
24 weeks before the increase 123541028 5204544
12 weeks before the increase 1245+£9.62 508+5.04
Day of increase to 200 units 14.164+1043 6.00£5.16
12 weeks after the increase 11.86+9.78 * 4.18+459*
24 weeks after the increase 11.02+£10.24 ** 2.98 £3.66 ***
36 weeks after the increase 11.14+£977* 4.02+£4.10%
Occipitonuchal (n=28)
Baseline 23.50£6.75 13.39+6.62
36 weeks before the increase 10.75£9.59 393+433
24 weeks before the increase 12.86+11.13 536+736
12 weeks before the increase 12.53+10.24 382+577
Day of increase to 200 units 11.574£955 4361659
12 weeks after the increase 861+9.15 3.074+394
24 weeks after the increase 9.78+9.65 261+238
36 weeks after the increase 7.394£9.01 2794333
Holocephalic (n=23)
Baseline 27224571 16.354+9.26
36 weeks before the increase 17.87+£10.54 9.564+10.04
24 weeks before the increase 1583+11.10 7304845
12 weeks before the increase 16.74+10.73 6.04+6.95
Day of increase to 200 units 16.26£11.30 7654792
12 weeks after the increase 1535+11.26 509+3.89
24 weeks after the increase 15304+11.03 4.83+393
36 weeks after the increase 140441153 526+497
Occipitonuchal and holocephalic (hn=51)
Baseline 2518+6.51 14.72+£7.98
36 weeks before the increase 13.96+£10.55 647 +£791
24 weeks before the increase 14.20+11.10 6.23+7.85
12 weeks before the increase 144341057 4.82+636
Day of increase to 200 units 13.694+10.54 584+734
12 weeks after the increase 11.65+1061 3981401
24 weeks after the increase 12.27+£10.56 3614+£333*
36 weeks after the increase 10.39+10.66 * 390+429*

Data presented as mean & SD; * P<0.05, ** P<0.01, *** P<0.001 for the paired t-test compared to the day of increase to 200 units
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Table 6 Trend of the headache days by change in the number
of the headache preventative medications

Number of the Number of the
headachedays  severe headache
days

Patients who were on the same number of the preventative medica-
tions (h=146)

Baseline 2594 £ 577 15.54 £ 8.04
36 weeks before the increase 1355+ 11.04 5.66 £ 6.97

24 weeks before the increase  12.67 +10.78 5194+6.86

12 weeks before the increase  13.04 £+ 10.73 500+ 6.46
Day of increase to 200 units 12.81 £ 10.66 542 +6.26

12 weeks after the increase 10.85£1036** 377 £4.71 %%
24 weeks after the increase 11.70 £ 1045 3.59 £ 4.73 ***
36 weeks after the increase 1036 £ 1046** 370 £ 4.73 ***

Patients who were on different number of the preventative medica-
tions (h=29)

Baseline 2541 £ 556 1352744
36 weeks before the increase  17.55 +9.02 700 £5.85
24 weeks before the increase  18.17 & 10.51 6.83 + 6.08
12 weeks before the increase  17.07 £9.89 6.90 £ 649
Day of increase to 200 units 17.69 £ 10.69 8.21£847
12 weeks after the increase 17.07 £10.12 717 £6.74
24 weeks after the increase 1579 £ 1142 500+596*
36 weeks after the increase 1434 £1092* 5554+543*

Data presented as mean £ SD; * P<0.05, ** P<0.01, *** P<0.001 for the paired
t-test compared to the day of increase to 200 units

Table 7 Trend of the wearing off periods after increase in the
onabotulinumtoxinA dose. (h=113)

Wearing off period, days

36 weeks before the increase 16.11+£9.11

24 weeks before the increase 1567 +11.08
12 weeks before the increase 16.54 + 1194
Day of increase to 200 Units 1691 £ 1036
12 weeks after the increase 14.00 £ 10.75*
24 weeks after the increase 1326 £9.13**
36 weeks after the increase 14.68 +£921*

Data presented as mean =+ SD; * P<0.05, ** P<0.01 for the paired t-test
compared to the day of increase to 200 units

155-195 units for headache control, individuals in pla-
cebo arms also experienced significant improvement in
the headache related variables [20, 21]. In a small study,
Cady et al. reported 10.1 and 5.2day decrease in the
number of migraine days in the onabotulinumtoxinA
and placebo groups, respectively [22]. In another study,
onabotulinumtoxinA-treated patients had 2 less head-
ache days than those who received placebo treatment
[23]. A systematic review of onabotulinumtoxinA therapy
in migraine patients concluded that onabotulinumtoxinA
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reduces the number of the migraine days by 2days per
month; this conclusion was based on the moderate qual-
ity of the evidence from the two PREEMPT trials [24]. In
the same systematic review, the rest of the clinical trials
were rated to have very low to low quality of the evidence
[24]. Interestingly, our results showed that increase in the
onabotulinumtoxinA dose improves the number of head-
ache days by around 2days. This value is similar to the
amount of the improvement after onabotulinumtoxinA
vs. placebo treatments in the abovementioned trials. The
improvement after higher dose of onabotulinumtoxinA
persisted and even gradually progressed as patients con-
tinued to receive the higher dose. Sensitivity analysis
showed that the subjects, who have been on onabotuli-
numtoxinA 150units for over 2years, also experience a
significant drop in their headache days after increase in
the onabotulinumtoxinA dose.

There are controversial data about the onabotuli-
numtoxinA effective dose in headache prevention. In
PREEMPT trials, authors did not evaluate the efficacy of
the different doses of onabotulinumtoxinA, instead they
compared the onabotulinumtoxinA therapy at the doses
ranging from 155 to 195units to the placebo treatment
[20, 21]. Silberstein et al., in a randomized clinical trial
compared different doses of the onabotulinumtoxinA
(i.e. 75, 150 and 225 units) to the placebo treatment [25].
After 240days, patients who received 150 or 225 units of
onabotulinumtoxinA experienced significant decrease in
the headache frequency. This difference did not reach sig-
nificant levels for the group treated with onabotulinum-
toxinA 75units. Nevertheless, no group was consistently
superior in their study [25]. In another study, patients
who did not respond to the conventional onabotulinum-
toxinA therapy (mean dose = SD: 170+ 10units) were
enrolled to receive six rounds of IncobotulinumtoxinA
200 units followed by two rounds of 200 units of onabot-
ulinumtoxinA [26]. In that study, higher dose of botu-
linumtoxinA therapy showed sustained benefit in the
frequency and severity of the monthly headache episodes
[26]. Similarly, 195units of onabotulinumtoxinA was
superior to 155 units in a small study on Russian women
[27]. Our findings suggest the dose-dependent response
to onabotulinumtoxinA therapy. Notably, in our patients
after three rounds of onabotulinumtoxinA 200 units, the
decrements in the total number of the headache days
and severe headache days were similar and were around
2 days. This suggests that the higher onabotulinumtoxinA
dose primarily reduces the severe headache days rather
than the milder headaches which are less debilitating.

After dividing the patients by the headache location,
the beneficial effect of the higher onabotulinumtox-
inA persisted in patients with frontal and temporo-
parietal headaches. In patients with occipitonuchal
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and holocephalic headaches, although there was a
trend favoring higher dose of onabotulinumtoxinA,
the difference did not reach significant levels; perhaps
because of the small sample sizes and limited statisti-
cal power. When these two groups were combined and
analyzed together, again the difference between 200
and 150units of onabotulinumtoxinA became statis-
tically significant. Based on the PREEMPT injection
protocol, it has been recommended that clinicians
use the “follow-the-pain” strategy and inject up to 40
additional units of onabotulinumtoxinA in 8 different
injection sites [11]. Our study suggests that the benefi-
cial effect of the higher dose of onabotulinumtoxinA
is independent from the headache location and the
sites of the injection. For instance, patients with fron-
tal headaches reported less headaches on 200 units of
OnabotulinumtoxinA, even though the extra 50 units
were injected into their temporalis and occipitalis
muscles and they continued to receive the same dose
of onabotulinumtoxinA on their forehead. Our results
dispute the “follow-the-pain” strategy. We suggest
clinicians do not necessarily need to use the “follow-
the-pain strategy” in order to improve the headache
control. This is especially important when injecting
extra units of onabotulinumtoxinA to a certain loca-
tion like forehead, can increase the risk of adverse
events such as ptosis.

The antinociceptive duration of onabotulinumtoxinA
therapy is not well known. It is supposed that the dura-
tion is similar to the neuromuscular blockade effect of
onabotulinumtoxinA (i.e. 12 weeks), even though its anal-
gesic effect is unrelated to the inhibition of the neuro-
muscular transmission [28, 29]. About half of the patients
with chronic migraine, report sooner than expected
wearing off of the antinociceptive effects of the onabotu-
linumtoxinA therapy [30]. In this subgroup of patients,
the wearing off period is estimated to be around 18 days,
and is associated with increased consumption of the
analgesic medications [30]. Although individual-based
adjustment of the treatment interval is suggested for cer-
tain neurological conditions, shorter onabotulinumtox-
inA treatment interval increases the risk of neutralizing
antibody formation and may result in the treatment fail-
ure [31, 32]. Our results show that the wearing off period
is inversely associated with the dose of the onabotuli-
numtoxinA. Because patients with poor headache con-
trol may not be able to reliably report the wearing off
period, we excluded those who had over 25 headache
days at certain times during the course of the study.
Given that patients with long wearing off periods are
generally recommended against having onabotulinum-
toxinA sooner than the regular 12 week interval schedule,
increase in the onabotulinumtoxinA may be considered
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as an alternative approach to improve the headache con-
trol in this subset of patients.

The financial burden of migraine is substantial on
patients and their employers. The total annual direct
plus indirect healthcare costs are around $9000 higher
in migraine patients compared to their non-migraine
counterparts [33]. Chronic migraine is also associated
with higher healthcare cost than episodic migraine [34].
The migraine indirect costs are mostly related to the
loss of productivity during the patients’ peak employ-
ment years [33], and have larger economic impact than
direct costs especially in patients with severe migraine
[35]. In chronic migraine, indirect costs constitute
around 70% of the total migraine related costs [36]. Hu
et al. estimated $13.3 billion migraine related indirect
costs and 3.8 and 8.3 missed workdays and 7.5 and 7.6
impaired working days annually in American men and
women, respectively [37]. In a Canadian population
based study, 77% of migraineurs reported restriction
in their functional ability, 50% had to discontinue the
normal activities, 30% had to cancel family or social
activities, and 19% reported missing work time during
their last migraine attack [38]. OnabotulinumtoxinA
is a cost-effective treatment for chronic migraine and
is associated with decreased healthcare utilization [39,
40]. Severe headache days have more impact on the
function and productivity of patients and hence impose
higher financial burden on the patients and employers.
We found that increase in the dose of onabotulinum-
toxinA, reduces the number of severe headache days
by around 2 days or 30%. This improvement can lead to
less missed and impaired working days, which by itself
improves the productivity of patients and migraine
costs.

This study has several limitations, which should be
considered when interpreting the results. The main limi-
tation is that the patients were not blinded to the dose of
the onabotulinumtoxinA therapy. Before the increase in
the dose, patients already had at least 3 rounds of onabot-
ulinumtoxinA 150 units and were not satisfied with their
headache control. Overall, blinding an onabotulinum-
toxinA study is very challenging. In the Australian pub-
lic assessment report for onabotulinumtoxinA, over 80%
of the individuals in the onabotulinumtoxinA arm, were
able to correctly guess that they were getting the active
medication and not the placebo (https://www.tga.gov.au/
sites/default/files/auspar-botox.pdf). This can lead to pla-
cebo effect. We controlled this potential source of bias,
by following a subset of our patients for 84-weeks after
the increase in the onabotulinumtoxinA dose. Unlike the
response usually seen due to placebo effects, which would
decrease with continuation of therapy; our patients
improved further as they continued to receive the higher
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dose of the onabotulinumtoxinA. The other limitation is
that, there was insufficient information in the question-
naires to determine the number of the migraine days;
instead we recorded the number of the severe headache
days, which was self-defined. Because of the abovemen-
tioned limiting factors, future randomized clinical trials
are needed to confirm our findings.

Conclusions

This is the first paired comparison study, which evalu-
ates the response to different doses of the onabotu-
linumtoxinA therapy. We found that higher dose of
onabotulinumtoxinA leads to sustained improvement
in headache control. This effect is independent from
duration of the therapy, and headache location. Hence,
patients with unsatisfactory response to the conven-
tional 150 units dose of onabotulinumtoxinA may gain
benefit from higher doses. Although this study suggests
doses-dependent response to onabotulinumtoxinA, our
findings need to be confirmed by future randomized
double-blinded clinical trials.
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