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ABSTRACT

Introduction: The safety and efficacy of both
abobotulinumtoxinA and onabotulinumtoxinA
for upper limb spasticity are well established,
but head-to-head comparisons are lacking.
Methods: DIRECTION is an international, ran-
domized, double-blind, crossover study com-
paring the safety and efficacy of
abobotulinumtoxinA with onabotulinumtox-
inA in the management of upper limb spasticity
at doses at or near maximum recommended in
product labelling. Participants (18–75 years) will
be randomized (1:1) to either one cycle of

abobotulinumtoxinA (900U) followed by
onabotulinumtoxinA (360U) or vice versa. To
maintain blinding, a fixed volume (3.6 ml) will
be injected into the target upper limb muscles
(four wrist and finger flexors and biceps bra-
chii). The second treatment cycle will begin at
Week 12 if retreatment criteria are fulfilled, and
if not, they will be reassessed every 4 weeks until
they meet retreatment parameters.
Planned Outcomes: The primary hypothesis is
that there is comparable safety between prod-
ucts; non-inferiority will be tested based on
treatment-emergent adverse event (TEAE) rates
from injection to Week 12. A secondary
hypothesis is that abobotulinumtoxinA has
longer duration of effect than onabotulinum-
toxinA. This hypothesis will be tested with
secondary efficacy endpoints, including injec-
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tion cycle duration, Modified Ashworth Scale,
Disability Assessment Scale and Physician Glo-
bal Assessment.
Trial Registration: EudraCT (http://eudract.
ema.europa.eu): 2021-000161-32 and Clinical-
trials.gov (http://clinicaltrials.gov):
NCT04936542.

Keywords: AbobotulinumtoxinA; Botulinum
toxin; Clinical trial; Spasticity;
OnabotulinumtoxinA; Upper limb

Key Summary Points

DIRECTION will be the first randomized
double-blind, crossover study to directly
compare the safety and efficacy of
abobotulinumtoxinA and
onabotulinumtoxinA in adult patients
with upper limb spasticity.

The study compares the two products
using doses at or near the maximum
recommended in the product labelling.

The primary hypothesis is that the safety
profiles of both products are comparable,
and non-inferiority will be tested based on
treatment-emergent adverse event rates
from injection to Week 12.

A secondary hypothesis is that
abobotulinumtoxinA has a different
duration of effect than
onabotulinumtoxinA, and this hypothesis
will be based on superiority tests
associated with secondary efficacy
endpoints analyses, using a hierarchical
approach.

DIGITAL FEATURES

This article is published with digital features,
including a video abstract, to facilitate under-
standing of the article. To view digital features

for this article go to https://doi.org/10.6084/
m9.figshare.15164883.

INTRODUCTION

Adult patients with central nervous system
injury often present with limb spasticity.
Because upper limb function is essential for
many daily living tasks, impairment of arm use
contributes to a reduction of the quality of life
as well as reduced independence [1]. If
untreated, a vicious cycle occurs in which
affected muscle groups lead to an abnormal
limb posture, resulting in soft tissue shortening
and further biomechanical changes in the con-
tracted limb. This in turn prevents muscle
lengthening and perpetuates further hyper-
tonicity [2]. There are many anti-spasticity
treatment options available, and, while oral
systemic treatments are often used to treat
spasticity, their lack of specificity and associa-
tion with serious adverse effects when used at
therapeutic doses limits their usefulness. Local
intramuscular injection of botulinum toxin
type A (BoNT-A) is an established, first line,
well-tolerated treatment option supported by a
strong body of Level I evidence in the man-
agement of upper limb spasticity [2–4].

All BoNT-A products contain the same
botulinum neurotoxin, derived from the Hall
strain of Clostridium botulinum, but differ in
their exact molecular composition, processing
and excipients [5]. Due to their distinct formu-
lations and methods of production, each BoNT-
A product has its own unique set of character-
istics, and as such, the dosing safety and efficacy
characteristics must be judged separately. In
addition, it is important to consider that all
BoNT-A products are biologic preparations, and
their activity is measured in units (U). These
units of biologic activity are assessed using dif-
ferent assay methods, and hence they cannot be
considered equivalent [6]. Thus, the units of
one BoNT-A cannot be compared to or con-
verted into units of any other BoNT-A products.
Several external factors also influence the clin-
ical profile of BoNT-A when injected into mus-
cles. These include the anatomy of the target
areas to be injected, the size of the affected
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muscles (e.g., large or small), degree of spasticity
and injection technique (e.g., volume of injec-
tion, number of sites per muscle, and guidance
use).

The safety and efficacy of abobotulinum-
toxinA (aboBoNT-A) [7–10] and onabo-
tulinumtoxinA (onaBoNT-A) [11–13] in upper
limb spasticity have been investigated and
demonstrated in clinical trials versus placebo.
However, while both products alleviate clinical
symptoms of spasticity compared to placebo,
their safety and efficacy have never been com-
pared in a blinded prospective study. Recent
observational studies suggest differences in the
intervals needed between injections (with
patients on aboBoNT-A having longer intervals
between injections than onaBoNT-A) [14], but
such observations require prospective confir-
mation. Such information on the potential dif-
ferences of each product is of great importance
to inform treatment decisions. For example, a
switch from one BoNT-A to the other might be
necessary as per physician’s decision based on
patient medical needs to optimize treatment
outcomes or based on hospital/insurance bud-
getary directives for financial considerations
[15, 16]. Moreover, recent data from a patient
survey in spasticity indicate that[80% patients
with spasticity are living with significant
symptom re-emergence between injections [17],
and an understanding of the duration of benefit
will be important in ensuring this ‘rollercoaster’
of symptoms is reduced or avoided.

An important methodologic consideration
in comparative studies of BoNT-A products is
the choice of doses. The US Food and Drug
Administration (FDA) and European agencies
have determined that each BoNT-A is unique
and noninterchangeable and its dosing is
specific [18]. Uncertainty regarding dose con-
version ratios arises from inconsistent literature
which includes wide variation in the patient
populations, clinical settings, study designs,
outcomes assessed, and injection techniques
studied. This variability has resulted in a wide
range of dosing ratios between BoNT-A prod-
ucts, with conversion factors ranging from
1:1.67 to 1:11 for onaBoNT-A: aboBoNT-A
[19, 20]. More recently, several authors have
concluded that a single fixed ratio cannot be

applied to all individuals [19, 21, 22]. Indeed,
studies using a predefined dose ratio may be
particularly misleading because they rely on the
hypothesis that the defined doses of the differ-
ent formulations are equivalent (and frequently
fail to prove this hypothesis). A more practical
way to compare doses is to utilize doses at or
near the maximum recommended in the pro-
duct labelling. Each product summary of char-
acteristics/prescribing information is based on
data from clinical trials which have tested the
safety and efficacy of prespecified doses or dose
ranges for each product in the targeted patient
populations.

The DIRECTION study aims to compare the
safety and efficacy of aboBoNT-A and onaBoNT-
A for upper limb spasticity when used at doses
at or near maximum recommended in the US
product labelling. To ensure full comparability
in a double-blind setting, we have chosen to
focus on the same pattern of spasticity (involv-
ing the finger and wrist flexors and biceps bra-
chii) and have standardized the injection
approach. The primary hypothesis is that the
safety profiles of both products are comparable,
and non-inferiority will be tested based on
treatment-emergent adverse event (TEAE) rates
from injection to week 12. A secondary
hypothesis is that aboBoNT-A has different
duration of effect than onaBoNT-A, and this
hypothesis will be based on superiority tests
associated with secondary efficacy endpoint
analyses, using a hierarchical approach.

METHODS

Study Design

DIRECTION is an international, randomized,
double-blind, crossover, post-marketing study
comparing the clinical safety and efficacy of
aboBoNT-A with onaBoNT-A in the manage-
ment of adult upper limb spasticity. For an
overview of the protocol, see the video in the
online/HTML version of the manuscript or fol-
low the digital features link under the abstract.
This study has been registered on the EudraCT
(2021-000161-32) and clinicaltrials.gov
(NCT04936542) databases. Study protocols will
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be approved at each site. This study will be
conducted in accordance with the Helsinki
Declaration of 1964 and its later amendments
and the ICH Good Clinical Practice Guidelines.

Participants will be randomized 1:1 to one of
two sequences of treatment:

1. Participants will receive one cycle of abo-
BoNT-A (900 Units) followed by one cycle
of onaBoNT-A (360 U) in the same selected
overactive upper limb muscles using injec-
tion guidance techniques.

2. Participants will receive one cycle of ona-
BoNT-A (360 Units) followed by one cycle
of aboBoNT-A (900 U) in the same selected
overactive upper limb muscles using injec-
tion guidance techniques.

The second BoNT-A injection will be given at
week 12 at the earliest if retreatment criteria are
fulfilled. If not, participants will be reassessed
every 4 weeks (at week 16, week 20 and week 24)
until retreatment criteria are fulfilled, at which
point the second BoNT-A will be administered.
If retreatment criteria are still not fulfilled by
week 24 of Cycle 1, the participant will be
withdrawn from the study and ‘‘no clinical
indication for reinjection’’ documented as the
reason for withdrawal.

Visits for each injection cycle will include
the injection visit, week 1, week 4, week 10,
week 12 and additional visits at week 16, week
20 and week 24 as required (Fig. 1). In excep-
tional circumstances, where a scheduled visit
cannot be performed (e.g., due to COVID 19),
data on AEs and retreatment criteria may be
collected by telephone. The End of Study (EOS)
for each participant will be when the decision is
made to retreat or at week 24 of cycle 2,
whichever occurs first. The participants will be
followed up for safety and efficacy, including
quality of life (QoL), until their EOS or early
withdrawal (EW) visit. Participants withdrawing
early from the study will not be replaced.

Sample Selection

Eligible participants (aged 18–75 years of age
inclusive) must have had upper limb spasticity
for C 3 months, with treatment of only one

upper limb being necessary for the duration of
the study. Due to differences in label indica-
tions, sites in the US and France are allowed to
recruit patients with upper limb spasticity due
to any etiology, while Canadian sites are
restricted to recruiting only those with upper
limb spasticity due to stroke. Eligible partici-
pants must show a pattern of upper limb spas-
ticity that requires BoNT-A injection in all of
the following muscles: flexor carpi radialis,
flexor carpi ulnaris, flexor digitorum profundus,
flexor digitorum superficialis and biceps brachii.
They must have a modified Ashworth Scale
(MAS) score [23] C 2 at elbow, wrist and finger
flexors and a Disability Assessment Scale (DAS)
score [11] C 2 on the principal target of treat-
ment (one of four functional domains: dressing,
hygiene, limb position and pain). Patients may
be naı̈ve to BoNT-A treatment or previously
treated (with a treatment interval of C 12 weeks
since the last injection). All participants should
be stable for C 3 months prior to study entry in
terms of any concomitant oral antispasticity,
anticoagulant and/or anticholinergic medica-
tions and for C 1 month prior to study entry in
terms of any occupational therapy and/or
physiotherapy treatment and must be consid-
ered by the investigator likely to remain
stable for the duration of the study. All partici-
pants must be able to provide written informed
consent.

Key exclusion criteria include any major
limitations in the passive range of motion in the
paretic upper limb and any major neurologic
impairment (other than limb paresis) that could
negatively affect functional performance. Par-
ticipants clinically requiring injection into any
upper limb muscles other than the five muscles,
or requiring injection into both arms or any
lower limb within the timeframe of the study,
will be excluded. Other exclusion criteria
include known hypersensitivity to any BoNT
product or excipients or cow’s milk protein
(casein), infection at the proposed injection
site(s), known peripheral motor neuropathic
diseases, amyotrophic lateral sclerosis or neu-
romuscular junction disorders (e.g., myasthenia
gravis or Lambert-Eaton syndrome), pregnancy
and any medical condition (including dyspha-
gia or breathing difficulties/compromised
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respiratory function) that, in the opinion of the
investigator, might jeopardize the participant’s
safety.

Sample Size Calculation, Recruitment
and Randomization

Based on previous studies [7], it is estimated
that 44% of participants will experience a
treatment-emergent adverse event (TEAE)
between injection and week 12. Assuming a
non-inferiority margin of 5%, a nuisance
parameter of 20% and a 10% drop-out rate, a
sample size of 564 participants is estimated to
give 80% power to show no difference between
the two treatment groups.

Participants will be recruited from the
investigators’ clinical practice at approximately
90 study sites in the USA, Canada and France
(countries which share similar labels for abo-
BoNT-A and onaBoNT-A to allow for the plan-
ned ‘on-label’ comparison). A total of
approximately 650 participants will be screened
to give 564 eligible participants (282 partici-
pants per sequence). Assignment to study

intervention (randomization) will be stratified
based on the BoNT-A status (BoNT-A previously
treated for upper limb spasticity or naı̈ve to
BoNT-A treatment). Randomization will be
managed by an Interactive Web Response Sys-
tem. After eligibility is confirmed, at baseline,
participants will be assigned a randomization
number and to the associated treatment
sequence, in sequential order within each cen-
ter (and within each level of strata).

Treatment

Participants will be treated in accordance with
the approved local labels of aboBoNT-A and
onaBoNT-A, which contain further details of
the products as well as the requirements of the
protocol. Randomized participants will receive
either one cycle of aboBoNT-A (900 U) followed
by one cycle of onaBoNT-A (360 U) or vice
versa. Randomization will be performed using a
computer-generated system, and participants
will be assigned using an interactive web
response system (IWRS). To maintain study
blinding, study medications will be

Randomization
1st injection
(n=282/sequence)

Randomization
1st injection
(n=282/sequence)

(n= 564)
Screening
(n=~650)

Randomization
/2nd injection

Randomization
/2nd injection

End of study
Decision to retreat or
24 weeks maximum

24 weeks maximum

2nd cycle 900 U aboBoNT-A (Dysport)

2nd cycle 360 U onaBoNT-A (Botox)

1st cycle 900 U aboBoNT-A (Dysport)

1st cycle 360 U onaBoNT-A (Botox)

W1 W4 W10 W12 W16 W20 W24

W1 W4 W10 W12 W16 W20 W24

W1 W4 W10 W12 W16 W20 W24

W1 W4 W10 W12 W16 W20 W24

Fig. 1 Study design. aboBoNT-A abobotulinumtoxinA, onaBoNT-A onabotulinumtoxinA, W week
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reconstituted to a fixed total volume (3.6 ml) by
separate study staff, and the blinded injector
will inject the target upper limb muscles in a
fixed volume (0.5 ml into each wrist and finger
flexor and 1.6 ml into biceps brachii) (Fig. 2).
The biceps brachii must be treated with two
injections, with a maximum single injection
volume of 1.0 ml. The use of injection guidance
techniques to target the injection sites is
mandatory in this study. Guidance techniques
can be electromyography and/or electrical
stimulation for each muscle, with additional
ultrasound if needed. The same guidance tech-
nique must be used in both cycles. Because of
the possibility of site injection stiffness and
pain, any intramuscular vaccination to the
shoulder (e.g., COVID 19) should be adminis-
tered in the arm contralateral to the study
medication.

Participants must meet all of the following
criteria to be eligible for retreatment:

1. Decided per the investigator’s clinical
judgment;

2. MAS score in the primary target muscle
group (PTMG) has returned to baseline (i.e.,
no improvement relative to Day 1 before
Cycle 1 injection as indicated by decreased
MAS score);

3. No unacceptable safety risk for the partici-
pant to receive the next treatment cycle,
based on the investigator’s judgment;

4. No COVID 19 vaccine injection received
within 7 days before the second planned
study intervention injection or planned/li-
kely to be received within 7 days after the
second planned study intervention
injection.

Retreatment may be at week 12 (earliest
retreatment timepoint), week 16, week 20 or
week 24 (latest retreatment timepoint). How-
ever, retreatment criteria will also be assessed at
week 10 even though reinjection cannot take
place until Week 12 at the earliest.

Flexor carpi radialis (FCR)

Flexor carpi ulnaris (FCU)

Flexor digitorum profundus (FDP) 
Flexor digitorum superficialis (FDS)

Biceps brachii

0.5mL (50U onaBoNT-A
or 125U aboBoNT-A)

0.5mL (50U onaBoNT-A
or 125U aboBoNT-A)

0.5mL (50U onaBoNT-A
or 125U aboBoNT-A) 0.5mL (50U onaBoNT-A

or 125U aboBoNT-A)

1.6mL (160U onaBoNT-A 
or 400U aboBoNT-A)

Fig. 2 Injection scheme. aboBoNT-A abobotulinumtoxinA, onaBoNT-A onabotulinumtoxinA
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Measurements and Planned Outcomes

Each participant will have the same injector for
both cycles and the same assessor for all their
assessments throughout the study. Safety will
be closely monitored during the study. Type,
severity, seriousness, duration, reversibility and
outcome of treatment-emergent adverse events
(TEAEs) and adverse events of special interest
(AESIs including adverse events indicative of
remote spread), as well as TEAEs leading to
withdrawal, will be followed throughout the
study.

Efficacy assessments will include:

• Duration of response defined (per cycle) as
the time between the injection and the first
visit when retreatment criteria are met (from
week 10 visit) or the time between injection
and study withdrawal if the participant
discontinues from the study without meet-
ing retreatment criteria.

• MAS based on the PTMG as selected by the
investigators at screening as the muscle
group with the highest MAS score. The
PTMG is to remain the same throughout
the study.

• DAS based on the principal target of treat-
ment as defined at screening based on one of
the four DAS domains (i.e., dressing,
hygiene, limb position and pain).

• Physician global assessment (PGA) of
response, which will be assessed on a 9-point
rating scale (-4: markedly worse, -3: much
worse, -2: worse, -1: slightly worse, 0: no
change, ?1: slightly improved, ?2:
improved, ?3: much improved and ?4:
markedly improved) by asking the investiga-
tor the following question: ‘how would you
rate the response to treatment in the partic-
ipant’s upper limb since the last injection?’

• Quality of life assessments will be performed
using SF-12 [24] and SQoL-6D [25] question-
naires at baseline, week 4, week 12 and the
end of each cycle (which may be week 16,
week 20 and week 24 if these visits are
performed).

Data Analysis

For the primary objective, a generalized linear
mixed model approach will be used to estimate
the difference in TEAE rate between the two
treatment groups while accounting for within-
participant correlations arising from the cross-
over design. The fitted model will include fixed
effects for treatment and cycle and a random
effect associated with the participant. The
treatment by cycle interaction (carryover effect)
will be tested: if the associated p-value is[0.10,
it will be considered absent or negligible and
will not be included in the final model to pro-
vide estimates. The estimated difference in
TEAE rate (aboBoNT-A—onaBoNT A) and asso-
ciated two-sided 95% confidence interval (CI)
(or one-sided 97.5% CI) will be provided: the
non-inferiority of aboBoNT-A versus onaBoNT-
A in terms of safety profile will be demonstrated
if the upper bound of this CI is\5% in the Per
Protocol Set for safety analyses.

A hierarchical approach will be used for
analysis of primary and secondary endpoints. If
non-inferiority is demonstrated for the primary
endpoint, first the superiority of aboBoNT-A
over onaBoNT-A will be tested based on the key
secondary endpoint, i.e., the duration of
response based on retreatment criteria. If supe-
riority of aboBoNT-A over onaBoNT-A is
demonstrated, then MAS/DAS/PGA at week 12
will be tested at the same time. If positive, then
the corresponding endpoints at week 10 will be
tested.

Efficacy endpoints will compare the treat-
ment groups using a mixed effects model with
cycle and treatment as fixed effects and partic-
ipant as random effect. To preserve an overall
type I error rate of 0.05 (one-sided 0.025) for the
primary key and secondary endpoints, a multi-
plicity adjustment involving Bonferroni adjust-
ment and serial gatekeeping procedure with
pre-specified hierarchical order will be per-
formed. Each hypothesis will be formally tested
only if the previous hypothesis in the pre-
specified hierarchical order is tested signifi-
cantly. If a test is not significant, the serial
gatekeeping procedure will stop (the result of
the test as well as the next tests of the sequence
cannot be claimed significant).
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STRENGTHS AND LIMITATIONS

DIRECTION will be the first study to directly
compare the safety and efficacy of aboBoNT-A
and onaBoNT-A in adult patients with upper
limb spasticity. While both products are also
approved for the management of lower-limb
spasticity, we chose to focus on the upper limb
since (1) it was the first approved adult spastic-
ity indication for both products and (2) the
upper limb appeared to allow for the highest
treatment effects versus placebo in prior ran-
domized clinical trials (both products) [7, 11].
We compare the two products with the widest
worldwide availability; however, other com-
mercial BoNT-A products are available. While
the dosing pattern is limited in this study (e.g.,
excludes patients requiring treatment of the
brachialis and pronator teres), it is a treatment
pattern commonly encountered in clinical
practice [26]. In addition, it conforms to mus-
cles common to both toxin product labels and
thus allows for a double-blinded study design.

The primary hypothesis is that there is
comparable safety between products and, as
such, the study is powered for a non-inferiority
design. The secondary hypothesis is that while
there is a similar efficacy profile between both
products at peak effect (week 4), aboBoNT-A has
a longer duration of effect than onaBoNT-A
(based on prior observational data [14]). This
hypothesis will be associated with a conserva-
tive hierarchical secondary efficacy endpoint
analysis based on superiority tests, with Bon-
ferroni adjustments for multiplicity. Of note,
this will be the first randomized, controlled
study of spasticity to prospectively consider
duration of BoNT-A effect as part of the effec-
tiveness construct. Whereas the pivotal studies
for aboBoNT-A allowed flexibility of reinjection
schedules [7, 8, 27], the limited 12-week study
duration for the onaBoNT-A studies prevents
even indirect comparisons. Our study design
follows patients over the course of two injection
cycles and allows flexibility to measure when
patient outcomes return to baseline and the
crossover study design allows for direct intra-
subject comparisons. Although it is possible a
patient may meet retreatment criteria in

between reassessment visits, we included an
assessment at week 10 to detect an early warn-
ing of effect and designed the 4-weekly intervals
after week 12 to provide balance between the
need for flexibility and trial burden on the
patient, carer and investigator sites.

While the fixed dosing of both products does
not allow for tailored dosing to the individual
patient, it was chosen to ensure fair compara-
bility between the two products and is reflective
of routine clinical practice because the doses are
in full alignment with the prescribing informa-
tion for both products in the countries where
the study is performed. Whereas other studies
have imposed presumed conversion ratios
between dosing [19, 20], our dosing is entirely
based on the approved prescribing information
for both products, with the assumption that
approval is based on optimal dosing. This may
be especially important as surveys suggest that
both onaBoNT-A and aboBoNT-A are often
underdosed in real-world clinical practice [28].
It is important to highlight our decision
making in dosing because the resultant
aboBoNT-A:onaBoNT-A dosing ratio of 2.5:1
may not apply to other muscles and other indi-
cations, and we do not advocate for a standard
conversion ratio.

ETHICS AND DISSEMINATION

This study will be conducted in accordance with
the Declaration of Helsinki and Council for
International Organizations of Medical Sciences
(CIOMS) International Ethical Guidelines and
International Conference on Harmonization
(ICH) Good Clinical Practice (GCP) Guidelines.
The protocol and informed consent forms will
be reviewed and approved by the sponsor and
the applicable institutional review boards/ethi-
cal committees with respect to scientific con-
tent and compliance with applicable research
and human subjects regulations. Study results
will be released to the participating physicians,
patients and the general medical community in
a peer-reviewed paper.
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CONCLUSIONS

Using clinically relevant and approved dosing,
the DIRECTION study will be the first to
prospectively compare abobotulinumtoxinA
with onabotulinumtoxinA in upper limb spas-
ticity to allow informed decisions for care
optimization.
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