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Background: Guidelines recommend botulinum toxin-A in pediatric upper limb spasticity as part of routine practice. Appropriate dosing is a prerequisite for treatment success and it is important that injectors have an understanding on how to tailor dosing within a safe and effective range. We report upper limb dosing data from a phase 3 study of abobotulinumtoxinA injections in children with cerebral palsy.

Methods: This was a double-blind, repeat-treatment study (NCT02106351). In Cycle 1, children were randomized to abobotulinumtoxinA at 2 U/kg control dose or clinically relevant 8 U/kg or 16 U/kg doses. Doses were divided between the primary target muscle group (PTMG, wrist or elbow flexors) and additional muscles tailored to clinical presentation. During Cycles 2–4, children received doses of 8 U/kg or 16 U/kg and investigators could change the PTMG and other muscles to be injected. Injection of muscles in the other upper limb and lower limbs was also permitted in cycles 2–4, with the total body dose not to exceed 30 U/kg or 1,000 U (whichever was lower) in the case of upper and lower limb treatment.

Results: 212 children were randomized, of which 210 received ≥1 abobotulinumtoxinA injection. Per protocol, the elbow and wrist flexors were the most commonly injected upper limb muscles. Across all 4 cycles, the brachialis was injected in 89.5% of children (dose range 0.8–6 U/kg), the brachioradialis in 83.8% (0.4–3 U/kg), the flexor carpi ulnaris in 82.4% (0.5–3 U/kg) and the flexor carpi radialis in 79.5% (0.5–4 U/kg). Other frequently injected upper limb muscles were the pronator teres(70.0%, 0.3–3 U/kg). adductor pollicis (54.3%, 0.3-1 U/kg), pronator quadratus (44.8%, 0.1–2 U/kg), flexor digitorum superficialis (39.0%, 0.5-4 U/kg), flexor digitorum profundus (28.6%, 0.5–2 U), flexor pollicis brevis/opponens pollicis (27.6%, 0.3-1 U/kg) and biceps (27.1%, 0.5–6 U/kg). AbobotulinumtoxinA was well-tolerated at these doses; muscular weakness was reported in 4.3% of children in the 8 U/kg group and 5.7% in the 16 U/kg group.

Conclusions: These data provide information on the pattern of injected muscles and dose ranges used in this study, which were well-tolerated. Per protocol, most children received injections into the elbow and wrist flexors. However, there was a wide variety of other upper limb muscles injected as physicians tailored injection patterns to clinical need.
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INTRODUCTION

A majority of children with cerebral palsy (CP) have upper limb impairment that interferes with active and passive arm function leading to disability (1, 2). Depending on the underlying etiology and location of the brain abnormality, children may have various combinations of spasticity, weakness, dystonia, limited range of motion (ROM) and other positive and negative features of an upper motor neuron syndrome (3). Common patterns of upper limb involvement include elbow, wrist and finger flexion, thumb adduction, forearm pronation, and shoulder adduction-internal rotation (4, 5). Together, these features often contribute to difficulties in reaching, grasping, releasing, and manipulating objects, which can significantly impact function (2, 4, 6).

The cornerstone of spastic CP management is occupational therapy (OT) and/or physiotherapy, which is often combined with antispasticity pharmacotherapy in a long-term treatment program (7). Guidelines recommend botulinum toxin-A (BoNT-A) in pediatric upper limb (PUL) spasticity as part of routine practice (8) where injections are generally used to produce a selective reduction in muscle spasticity while optimizing the effects of therapies used for enhancing function and/or ease of care (7). In practice, chemodenervation with BoNT-A in the upper limb is mainly targeted to decrease flexor tone in the elbow, wrist, fingers and thumb, pronator tone in the forearm, or to decrease adductor and internal rotation tone in the shoulder.

We have previously reported the key efficacy and safety results from a large, double-blind, randomized phase 3 study of abobotulinumtoxinA (aboBoNT-A) for pediatric upper limb spasticity (9). Results from the first treatment cycle showed that aboBoNT-A at doses of 8 U/kg and 16 U/kg were well tolerated and demonstrated significant improvements in muscle tone vs. a low-dose 2 U/kg control. Efficacy was sustained with repeated treatment (up to 4 cycles) and the majority of children achieved their treatment goals at least as expected (9). Both doses were well tolerated, and the study formed the basis for regulatory approval of aboBoNT-A in several regions.

Until now, evidence-based information on muscle selection and BoNT-A (including aboBoNT-A) dosing for clinical use in the pediatric upper limb has been sparse and mainly based on small studies and expert opinion (10, 11). However, appropriate dosing is a prerequisite for treatment success and it is important that clinicians have an understanding on how to tailor dosing within a safe and efficacious range. This paper presents the results of an analysis of dosing from the phase 3 study of aboBoNT-A in pediatric upper limb spasticity and aims to provide a detailed description of injection parameters, within the context of a double-blind study.



METHODS


Study Conduct and Participants

The Dysport in PUL spasticity study (NCT02106351) was a double-blind, repeat treatment (up to 4 cycles) pivotal trial, methodological details of which have been previously published (9). Institutional review boards at the 32 participating sites (across Belgium, the Czech Republic, Poland, Spain, Turkey, Israel, Mexico, and the USA) approved the protocol, and the trial was executed in accordance with the Declaration of Helsinki and International Conference on Harmonization Good Clinical Practice Guidelines.

In brief, this multicenter study included children (aged 2–17 years, weighing ≥ 10 kg) with a diagnosis of CP (12) and spasticity in at least one upper limb. Children were eligible for inclusion if they had a Modified Ashworth Scale (MAS) score ≥ 2 in the primary targeted muscle group (PTMG; elbow or wrist flexors). Children with a fixed contracture in the PTMG (defined for this study as <40° of available ROM at elbow or wrist joint) were excluded from this study as were children with choreoathetoid/dystonic movements, history of aspiration or dysphagia, previous/planned surgery of the PTMG, and phenol/alcohol injections within the past year.



Study Treatment

In the first cycle, children were randomized to aboBoNT-A 2, 8 or 16 U/kg into the designated study upper limb using electrical stimulation and/or ultrasound to localize the targeted injection sites. The dose for each child was calculated according to their body weight, up to a maximum body weight of 40 kg (even if the child weighed more than 40 kg, and therefore, a maximum total dose of 80 U in the control group, 320 U in the 8 U/kg group and 640 U in the 16 U/kg group). If elbow flexors were chosen as the PTMG, both the brachialis and brachioradialis had to be injected; if the wrist flexors were chosen as the PTMG, both the flexor carpi radialis and flexor carpi ulnaris had to be injected. Other muscles in the study limb were injected based on clinical presentation and the individualized treatment goals. To maintain blinding across the treatment groups a fixed volume of 1.6 mL was injected. The PTMG was injected with a pre-defined volume (elbow flexors: brachialis 0.6 mL, brachioradialis 0.3 mL; wrist flexors: flexor carpi radialis 0.4 mL, flexor carpi ulnaris 0.3 mL) and maximum volumes were defined for the other upper limb muscles (Supplementary Table 1). In addition to any existing physiotherapy or occupational therapy (which was to remain stable throughout the study), all children were to participate in a personalized, goal-oriented home exercise therapy program [HETP, minimum of 5 x 15-min sessions per week (13)] to provide a standardized background of good practice after BoNT-A therapy.

During Cycles 2–4, the dose remained blinded and children received doses of 8 U/kg or 16 U/kg in the study limb, with allocation of the patients who previously received 2 U/kg to one of these treatment groups, except if changes were clinically necessary to manage efficacy/tolerability (minimum 2 U/kg, maximum 16 U/kg). Eligibility for retreatment was individualized as determined by clinical need based on pre-defined criteria and was assessed from week 16 onwards (9). Investigators could change between wrist and elbow flexors as the PTMG and could also modify other muscles to be injected based on clinical need. The total volume in the study limb remained 1.6 mL, with the aforementioned volume reserved for injection in PTMG. In addition, treatment of other limbs could occur, if deemed clinically necessary, with injection of muscles in the other upper limb (up to 5 U/kg or 200 U) and lower limbs (up to 10 U/kg or 360 U) permitted, with the total body dose not to exceed 30 U/kg or 1,000 U, whichever was lower, when both upper and lower limb treatment were combined).



Analysis

Descriptive statistics (mean, standard deviation [SD], range, percentages) were used to characterize demographics, AboBoNT-A dosage and safety data (treatment-emergent adverse events, TEAEs) for all treated children. Analyses of muscle injection frequency included all children in all cycles (i.e., including 2 U/kg in Cycle 1). AboBoNT-A dosing was analyzed by the individual muscles treated, regardless of whether they were selected as PTMG; dose ranges mean (minimum-maximum) are presented across all 4 cycles for children treated with the clinically relevant doses of 8 U/kg and 16 U/kg groups. TEAEs were monitored by direct, non-leading questioning or by spontaneous reports and were analyzed by doses given in the study upper limb and by total body dose.




RESULTS


Patient Flow and Baseline Characteristics

Of the 226 children screened, 212 were randomized to treatment and 210 received ≥ 1 aboBoNT-A injection and were included in this analysis. Baseline characteristics for the overall population are provided in Table 1. Overall, 56.7% of children were aged 2–9 years and 76.9% had hemiparesis. A total of 210 children entered Cycle 1, 178 entered Cycle 2, 107 entered Cycle 3 and 55 entered Cycle 4 (Figure 1). The mean time to retreatment was 24.7 weeks following the cycle 1 injection (8 U/kg and 16 U/kg groups combined), 19.4 following the cycle 2 injection and 17.4 weeks following the cycle 3 injection (9).


Table 1. Baseline characteristics.
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FIGURE 1. Patient disposition. AboBoNT-A, abobotulinumtoxinA.




AbobotulinumtoxinA Dosing and Commonly Injected Muscles

In line with the study protocol, the elbow and wrist flexors were the most commonly injected upper limb muscles (Figure 2). Across all four cycles, the brachialis was injected in 89.5% of children, the brachioradialis in 83.8%, the flexor carpi ulnaris in 82.4% and the flexor carpi radialis in 79.5%. The next most frequently injected muscle was the pronator teres, which was targeted in 70.0% of children. Other frequently injected upper limb muscles were the biceps, flexor digitorum superficialis, flexor digitorum profundus, pronator quadratus, adductor pollicis, flexor pollicis brevis and opponens pollicis. As shown in Table 2, the frequency of injection per muscle remained broadly consistent across the four treatment cycles. Table 2 also provides descriptive dosing data for children treated with 8 U/kg and 16 U/kg across the treatment cycles.


[image: Figure 2]
FIGURE 2. Muscles most commonly injected for pediatric upper limb spasticity (all cycles).



Table 2. Mean [Range] abobotulinumtoxinA doses per upper limb muscle across treatment cycles.
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From Cycle 2 onwards, over half of children (59.9%) also received at least one injection into the lower limbs. Within each treatment cycle, a relatively consistent pattern was observed with the proportion of patients receiving treatment in lower limbs approaching 50% in each cycle (Table 3). The most frequently injected lower limb muscles were the gastrocnemius/soleus/tibialis posterior (injected in 45.5% of children), hamstrings (20.8%) and the hip adductors (7.9%). The majority of children did not have a change in dose (except for the per-protocol randomized switch from low-dose control in Cycle 1 to either 8 U/kg or 16 U/kg in Cycle 2 onwards). Across all cycles, there were 11 children who received a dose decrease and 9 children who received a dose increase based on clinical discretion; the investigator remained blinded to dose throughout.


Table 3. Proportion of children receiving injections into other (non-study) limbs.
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Safety of AbobotulinumtoxinA Dosing in Children With Upper Limb Spasticity

As previously reported, aboBoNT-A was well tolerated across treatment cycles and the incidence of TEAEs tended to decrease across the four treatment cycles (9). Similar to previous studies of aboBoNT-A for lower limb spasticity in a similar population of children (14, 15), the most frequently reported TEAEs were related to common childhood infections (comprised of upper respiratory tract infections, pharyngitis, sinusitis and urinary tract infections) and were considered unrelated to study drug (Table 4). The incidence of TEAEs assessed as related to treatment by the investigator was low across all treatment cycles in Cycle 1 (8.6% children each in aboBoNT-A 8 U/kg and 16 U/kg group), and did not increase across the treatment cycles (7.0, 2.2, 5.0% of children in the 8 U/kg group and 6.7, 3.5, 0% in the 16 U/kg group in cycles 2, 3, 4, respectively).


Table 4. Treatment emergent adverse events.
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TEAEs of muscular weakness were localized in all but one case, mild or moderate in severity and occurred within the first 4 weeks post-injection and all resolved with highly variable durations (14 to 234 days). Muscular weakness across treatment cycles (Cycles 1, 2, and 3, respectively) occurred in a total of 3 (4.3%), 0 (0%) and 1 (2.2%) children in the 8 U/kg group, and 4 (5.7%), 5 (5.6%) and 1 (1.8%) children in the 16 U/kg group. Muscular weakness was not reported in either group in Cycle 4. Of the children who had local muscular weakness and repeat treatment, three had a dose reduction (from 16 U/kg to 8 U/kg). One child had repeat local muscular weakness at the decreased dose and the other two did not experience repeat events. Another child had localized muscular weakness over two consecutive cycles at the 16 U/kg dose. One child treated with aboBoNT-A 8 U/kg reported a severe case of local muscular weakness in the hand. The child subsequently discontinued from the study due to need for further BoNT-A treatment–but not in the study upper limb. One child with tetraparesis (GMFCS Level III) treated with aboBoNT-A 8 U/kg experienced a non-serious TEAE of generalized muscular weakness, starting from Day 8 post-injection in Cycle 1 and lasting 22 days. The child continued with treatment in Cycles 2 and 3 (including lower limb injections to a total dose of 18 U/kg) without any further event of muscular weakness.

Overall, there were no clinically relevant differences in the frequency or severity of the TEAEs reported when considering total body doses from Cycle 2 onwards (i.e., when the maximum permitted total body aboBoNT-A dose for any treatment cycle was 30 U/kg or 1,000 U in case of concurrent treatment of both upper and lower limbs). When divided into total body dosing categories, 25–31% of children were treated with aboBoNT-A 10 U/kg between Cycles 2 and 4, 55–59% with 20 U/kg, and 12–18% with 30 U/kg. The overall incidence of TEAEs did not increase with increasing total body dose administered being 44.4–58.8%, 37.9–42.4% and 12.5–31.8% in the 10 U/kg, 20 U/kg and 30 U/kg total body dose group categories, respectively. No single TEAE was reported in >2 children in the total body dose group of 30 U/kg and there were no reports of treatment-related TEAE or serious TEAE in this highest dose category.




DISCUSSION

These data provide information on the muscles selected and the dose ranges used during this phase 3 study, which were well tolerated and shown previously to be effective in improving spasticity (9). In line with the protocol, most children received injections into the elbow and wrist flexors. However, a wide variety of other upper limb muscles were also injected, as physicians tailored injection patterns to individual patients. Once permitted by the study protocol, half (50%) of children also received simultaneous injections into the lower limb(s).

In typical hemiplegic posturing, which was the most common presentation in this study, the most common upper limb target muscles previously reported were the brachialis, pronator teres, flexor carpi ulnaris, flexor carpi radialis and the adductor pollicis (16), and the most commonly injected muscles observed in our study (outside of the PTMG) align with this pattern. However, about a quarter of children also received injections into the fingers and thumb flexors highlighting the need to treat the hand. For example, opening the hand with correct wrist position is considered essential for function; individual goal examples might include managing to grasp a school lunch tray (active goal) or to improve ease of hand splint wearing (passive goal). In addition, about one in ten children received an injection into the shoulder muscles aiming for an improvement in reaching tasks, which might include activities such as hair brushing (active goal), or facilitation of dressing and undressing by the caregiver (passive goals).

In our study, whilst the 8 U/kg and 16 U/kg doses produced a statistically significant greater effect on muscle tone compared to 2 U/kg, we observed that children in all groups (2 U/kg, 8 U/kg and 16 U/kg) showed considerable functional improvements and goal attainment (9), with no statistical superiority for the higher doses. However, all children were to participate in an individualized, goal oriented HETP, which may have contributed to the significant improvements seen, and which may have also influenced safety outcomes (e.g., a home strengthening program may have mitigated any mild muscle weakening post-injection). Moreover, children were randomly assigned to dose groups and investigators remained blinded to dose throughout the study. Thus, the design does not reflect clinical practice in which addressing a child's functional needs necessitates knowledge of the dose being injected into the muscles in order to appropriately tailor the treatment accordingly.

Of note, the dose ranges per muscle proven to be effective in this study in the 8 U/kg and 16 U/kg groups are below or at the low end of recommended dose ranges based on prior expert opinion. For example, whereas the international consensus statement published by Fehlings and colleagues in 2010 recommended an aboBoNT-A dose range of 5–10 U/kg for the brachialis (10), mean brachialis doses were 2.75–2.92 U/kg in the 8 U/kg group and 5.30–5.38 U/kg in the 16 U/kg group and the maximum brachialis dose used in this study was 6 U/kg. The 2010 consensus paper also recommended a dose range of 5–10 U/kg for the brachioradialis, flexor carpi ulnaris and flexor carpi radialis whereas, again, our study protocol used lower dosing in these key muscles which were often part of the PTMG. Indeed, the maximum doses used at any point for the brachioradialis and/or flexor carpi ulnaris was 3 U/kg and the highest dose used for the flexor carpi radialis was 4 U/kg. Given the efficacy of the tested doses (9), our findings suggest that such recommendations have the potential to lead to overdosing in the different muscles; for example, we note that the 2010 dosing recommendations per muscle are well above those recommended in abobotulinumtoxinA product labeling (17, 18). Our study also suggests that it is possible to inject more muscles in one treatment session, contrary to the restricted number of muscles suggested by some early publications (11), but in line with the recommendations that have been made by other experienced clinicians (19). The dosing used in additional (i.e., non-PTMG) muscles in our study was also significantly lower than in the 2010 guidelines, but this may have been influenced by our study protocol requiring clinicians to deliver a specified volume to the PTMG before deciding on any additional muscles.

In line with the clinical presentation and need for a whole child treatment approach, once lower limb treatment with aboBoNT-A was permitted from Treatment Cycle 2 onwards, a considerable proportion of children also received treatment for their lower limb spasticity. Indeed, the fact that the majority of children received concomitant treatment in the lower limbs is consistent with the fact that the majority of children also had some degree of concomitant lower limb muscle spasticity (76.9% had unilateral and 21.6% had bilateral CP). Concomitant treatment of any other limb in addition to the study upper limb did not appear to influence the frequency or severity of any TEAE (including muscular weakness) reported. Although not the objective of this study, the range of dosing required in the upper limbs appears to offer potential for some level of concomitant dosing of the upper and lower limbs, and thus could facilitate a holistic treatment approach. A previous aboBoNT-A study focusing on lower limb spasticity also illustrated the need for concurrent treatment of upper and lower limb with 10% of children receiving lower limb treatment also receiving upper limb injections when permitted by the protocol (15). The recommended aboBoNT-A dosing for the lower limbs is currently 10 or 15 U/kg/leg (17, 18), and dosing guidelines for lower limb muscle are also available. Nevertheless, decisions on how to distribute the total dose will depend on the clinician's judgement of each individual patient's presentation as well as the prioritization of treatment goals.

Despite the limitations in our protocol for evaluation of dosing in the clinical setting, which included blinded allocation of dose and the fixed requirements associated with injections into the PTMG, our data highlight the many permutations of muscle and dose combinations that can be used to treat upper and lower limb pediatric spasticity with aboBoNT-A. Injections of the upper limb require careful muscle selection and our study allowed flexibility in the upper limb muscles to be injected. However, other parameters may also limit the full generalizability of data to daily practice. One such parameter is the mandated injection volume of 1.6 mL into the study limb for all patients, which is considered a relatively small volume for multi-muscle injections, despite this volume providing benefits for muscle tone, function and achievement of goals (9). In addition, Fehlings et al. recommended that the suggested volume should vary, with smaller volumes for injections intended to improve active function and larger volumes for older children or children with goals aiming to improve appearance, tolerance of orthoses, or facilitation of care (10). Another point to highlight is that all injections in our study were administered using injection guidance for accurate targeting (in contrast to some older studies). The importance of guidance techniques continues to be an important topic in the use of BoNT-A, with more and more centers gaining access to tools such as ultrasound and electrical stimulation.

In summary, this study provides important information for clinicians regarding the muscles and doses used to treat upper (and, in many cases, upper and lower) limb spasticity in children with CP, within a well characterized safety profile. Further work could focus on prospective or retrospective observational studies, which could bring to light further insights into the optimal management of children with CP.



DATA AVAILABILITY STATEMENT

The original contributions generated for the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.



ETHICS STATEMENT

Institutional review boards at the participating sites approved the protocol, and the trial was executed in accordance with the Declaration of Helsinki and International Conference on Harmonization Good Clinical Practice Guidelines. A complete list of the institutional review boards is available in the supplementary material. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

All authors were involved in data review, analysis and contributed to the interpretation of results, and approved the final version of the article.



FUNDING

This work was funded by Ipsen.



ACKNOWLEDGMENTS

The authors thank all children and their families involved in the study, as well as the investigators and research staff in participating institutions. We also thank Anita Chadha-Patel, PhD, of ACP Clinical Communications Ltd (Hertfordshire, UK) for providing medical writing support, which was funded by Ipsen (Paris, France) in accordance with Good Publication Practice guidelines.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2021.728615/full#supplementary-material



REFERENCES

 1. Santos CA, de Moura RCF, Lazzari RD, Dumont AJ, Braun LA, Oliveira CS. Upper limb function evaluation scales for individuals with cerebral palsy: a systematic review. J Phys Ther Sci. (2015) 27:1617–20. doi: 10.1589/jpts.27.1617

 2. Colver A, Fairhurst C, Pharoah PO. Cerebral palsy. Lancet. (2014) 383:1240–9. doi: 10.1016/S0140-6736(13)61835-8

 3. Graham HK, Rosenbaum P, Paneth N, Dan B, Lin JP, Damiano DL, et al. Cerebral palsy. Nat Rev Dis Primers. (2016) 2:15082. doi: 10.1038/nrdp.2015.82

 4. Makki D, Duodu J, Nixon M. Prevalence and pattern of upper limb involvement in cerebral palsy. J Child Orthop. (2014) 8:215–9. doi: 10.1007/s11832-014-0593-0

 5. Chaleat-Valayer E, Bard-Pondarre R, Bernard JC, Roumenoff F, Lucet A, Denis A, et al. Upper limb and hand patterns in cerebral palsy: reliability of two new classifications. Eur J Paediatr Neurol. (2017) 21:754–62. doi: 10.1016/j.ejpn.2017.04.1332

 6. Boyd RN, Morris ME, Graham HK. Management of upper limb dysfunction in children with cerebral palsy: a systematic review. Eur J Neurol. (2001) 8 Suppl 5:150–66. doi: 10.1046/j.1468-1331.2001.00048.x

 7. Hoare BJ, Wallen MA, Imms C, Villanueva E, Rawicki HB, Carey L. Botulinum toxin A as an adjunct to treatment in the management of the upper limb in children with spastic cerebral palsy (UPDATE). Cochrane Database Syst Rev. (2010) 2010:CD003469. doi: 10.1002/14651858.CD003469.pub4

 8. Delgado MR, Hirtz D, Aisen M, Ashwal S, Fehlings DL, McLaughlin J, et al. Practice parameter: pharmacologic treatment of spasticity in children and adolescents with cerebral palsy (an evidence-based review): report of the quality standards subcommittee of the American Academy of Neurology and the Practice Committee of the Child Neurology Society. Neurology. (2010) 74:336–43. doi: 10.1212/WNL.0b013e3181cbcd2f

 9. Delgado MR, Tilton A, Carranza-Del Rio J, Dursun N, Bonikowski M, Aydin R, et al. Efficacy and safety of abobotulinumtoxinA for upper limb spasticity in children with cerebral palsy: a randomized repeat-treatment study. Dev Med Child Neurol. (2021) 63:592–600. doi: 10.1111/dmcn.14733

 10. Fehlings D, Novak I, Berweck S, Hoare B, Stott NS, Russo RN. Botulinum toxin assessment, intervention and follow-up for paediatric upper limb hypertonicity: international consensus statement. Eur J Neurol. (2010) 17:38–56. doi: 10.1111/j.1468-1331.2010.03127.x

 11. Graham HK, Aoki KR, Autti-Rämö I, Boyd RN, Delgado MR, Gaebler-Spira DJ, et al. Recommendations for the use of botulinum toxin type A in the management of cerebral palsy. Gait Posture. (2000) 11:67–79. doi: 10.1016/S0966-6362(99)00054-5

 12. Rosenbaum P, Paneth N, Leviton A, Goldstein M, Bax M, Damiano D, et al. A report: the definition and classification of cerebral palsy April 2006. Dev Med Child Neurol Suppl. (2007) 109:8–14.

 13. Shierk A, Jimenez-Moreno AC, Roberts H, Ackerman-Laufer S, Backer G, Bard-Pondarre R, et al. Development of a pediatric goal-centered upper limb spasticity home exercise therapy program for use in a phase-III trial of abobotulinumtoxina (Dysport). Phys Occup Ther Pediatr. (2019) 39:124–35. doi: 10.1080/01942638.2018.1486346

 14. Delgado MR, Tilton A, Russman B, Benavides O, Bonikowski M, Carranza J, et al. AbobotulinumtoxinA for equinus foot deformity in cerebral palsy: a randomized controlled trial. Pediatrics. (2016) 137:1–9. doi: 10.1542/peds.2015-2830

 15. Delgado MR, Bonikowski M, Carranza J, Dabrowski E, Matthews D, Russman B, et al. Safety and efficacy of repeat open-label abobotulinumtoxinA treatment in pediatric cerebral palsy. J Child Neurol. (2017) 32:1058–64. doi: 10.1177/0883073817729918

 16. Multani I, Manji J, Hastings-Ison T, Khot A, Graham K. Botulinum toxin in the management of children with cerebral palsy. Paediatr Drugs. (2019) 21:261–81. doi: 10.1007/s40272-019-00344-8

 17. Dysport (abobotulinumtoxinA) for injection, for intramuscular use. Full US Prescribing Information. Available online at: http://dysport.com (accessed September 2021). 

 18. Dysport Summary of Product Characteristics. United Kingdom. Available online at: http://www.medicines.org.uk/emc/medicine/870 (accessed September 2021). 

 19. Heinen F, Schroeder AS, Fietzek U, Berweck S. When it comes to botulinum toxin, children and adults are not the same: multimuscle option for children with cerebral palsy. Mov Disord. (2006) 21:2029–30. doi: 10.1002/mds.21097

Conflict of Interest: This study was funded by Ipsen. The authors employed or contracted by Ipsen SP, BR, and CT were involved in interpretation of the data; and in review, approval of, and decision to submit the manuscript. The funder had no other role in study conduct or preparation of this report. JO, AT, JC, ND, MB, ED, and MD were investigators in Ipsen-sponsored clinical trials and they or their institutions have received payment for participation. In addition, JO reports consultancy fees for Ipsen and Allergan. AT reports research support and educational grants from Ipsen and personal fees for consultancy from Ipsen. JC reports personal fees for consultancy and speaking from Ipsen. ND reports research support from Ipsen, Allergan, and Merz and personal fees for consultancy and speaking from Ipsen and Allergan. MB reports research support from Ipsen, Allergan, and Merz and personal fees for consultancy and speaking from Ipsen and Allergan. ED reports personal fees from Ipsen and Allergan for speaking, Solstice Neurosciences for consultancy and serves on a US speaker bureau. MD reports personal fees from Ipsen, Allergan and Kashiv Pharma for consultancy.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Oleszek, Tilton, Carranza del Rio, Dursun, Bonikowski, Dabrowski, Page, Regnault, Thompson and Delgado. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-12-728615-t003.jpg
Where treated Cycle 2
8U/kg 16 Urkg
N=86 (N =90)
Study upper limb only 40 (46.5%) 42 (46.7%)
Both upper limbs 2(2.3%) 3(3.3%)
Study upper limb and lower limb 43 (50.0%) 44 (48.9%)
Both upper limbs and the lower limbs. 1(1.2%) 1(1.1%)

aIncludes children who had dose reductions to 2 Urkg or 4 Urkg.

Number (%) of children

Cycle 3
8U/kg 16 Urkg
(N =45) (N=57)
20 (44.4%) 21(36.8%)
1(2:2%) 2(3.5%)
23(51.1%) 33(57.9%)
1(2.2%) 1(1.8%)

Cycle 4
8Ulkg 16 Urkg
(N =20) (N=33)
14(70.0%) 13 (39.4%)
0 2(6.1%)
6(30.0%) 18 (54.5%)
0 0

Cycles 2to 4

Any dose®
(N=178)

70 (39.3%)
7 (8.9%)
100 (56.2%)
3(1.7%)





OPS/images/fneur-12-728615-t004.jpg
Any TEAE
Infections and infestations

Gastrointestinal disorders

Nervous system disorders

Respiratory, thoracic and mediastinal disorders
General disorders and administration site conditions
Injury, poisoning and procedural complications
Musculoskeletal and connective tissue disorders

Skin and subcutaneous tissue disorders

TEAES judged as potentially related to study treatment
Musculoskeletal and connective tissue disorders
Muscular weakness

Arthralgia

Myalgia

Gastrointestinal disorders

Nausea

Salivary hypersecretion

Vomiting

Nervous system disorders

Headache

Seizure

Balance disorder

General disorders and administration site conditions
Asthenia

Fatigue

Injection site bruising

Injection site pain

Injection site rash

Pyrexia

Skin and subcutaneous tissue disorders
Hyperhidrosis

TEAE, treatment emergent adverse event.

Cycle 1
8Ukg 16 Urkg
N=70 (N=70)
40(57.1)  83(47.1)
23(329)  21(30.0)
8(114)  5(.1)
7(100)  467)
7(100)  3(43)
6(86)  3(43)
686  2(29
6(86)  6(86)
686 229
6(86)  6(86)
343 5.1
343 467
[ o
0 1(1.4)
229 0
1(1.4) 0
1(1.4) 0
0 0
229 0
1(1.4) 0
1(1.4) 0
0 0
1(1.4) 1(1.4)
1(1.4) 0
[ 0
o 0
0 [
0 0
0 1(1.4)
0 0
0 0

Cycle 2
8U/kg  16Urkg
N=8) (N=290
4477 28(31.9)
21(24.4)  19(21.1)
3(35) 0
5(8) 444
447 3@3
18(161) 3033
6(7.0)  4(d.4)
447 6(6.7)
5(58) 2(22)

6(7.0) 6(6.7)
0 566)
0 5(6)
0 0
0 0

1(12) 0
0 0
0 0

101.2) 0

1(12) 101.1)
0 0

101.2) 0
0 1(1.)

3(35) 1(1.1)
0 0

1(12) 0
0 0

1(12) 1(1.1)

1(12) 0
0 0

1(12) 0

1(12) 0

Cycle 3
8Ukg 16 Ulkg
(N=45)  (N=57)
20(44.4)  19(333)
15(333)  9(15.8)
204) 400
367 400
2044 588
122 205
36.7) 3(6.3)
36.7) 4(7.0)
367 205
122 205
12 2(3.5)
1(22) 1(1.8)
0 1(1.8)
0 0
0 0
0 0
0 0
o 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

Cycle 4

8Urkg
(N =20)

13(65.0)
6(30.0
16.0)
3(15.0)
2(10.0)
2(10.0)
1(6.0)
1(6.0)
16.0)
16.0)

00T o000 0000 0000

16.0)

4
1(6.0)
0

16 Urkg
=33

9(27.3)
6(18.2)
0

0
13.0)
0

139)
0
2(6.1)
0

00 C0C0OO00O00 COO0OO 0cOO00 0000





OPS/images/fneur-12-728615-t001.jpg
Parameter AboBoNT-A N =210

Age (years); mean + SD 90+4.4
2-9 Years, n (%) 120 (57.1%)
10-17 Years, n (%) 90 (42.9%)
Sex, n (%)

Male 126 (60.0%)
Female 84(40.0%)
Weight, (kg); mean = SD 3224169
Pattern of paresis

Unilateral 160 (76.9%)
Bilateral 45 (21.6%)
Other 3(1.4%)
GMFCS level, n (%)

1 95 (45.2%)
] 63(30.0%)
1 11 (5.2%)
(2 41 (19.5%)
MAS; mean  SD

PTMG 3404
Elbow 28+08
Wrist 25+ 1.1
Prior BoNT-A treatment, n (%) 138 (66.3%)
Concomitant medications®, n (%) N =208
Baclofen 18 (8.7%)
Antiepileptics 3(1.4%)
Trihexiphenidyl 2(1.0%)
Clonazepam 1(05%)
Diazepam 1(05%)

AboBONT-A, abobotulinumtoxinA; GMFCS, gross motor function classification system;
MAS, modified Ashworth scale; PTMG, primary target muscle group. “reported by
investigator as medications for spasticity.





OPS/images/fneur-12-728615-t002.jpg
Brachialis, n (%)
Dose (Urkg): Mean [Range]
Brachioradialis, n (%)

Dose (Urkg); Mean [Range]

Flexor carpi ulnaris, n (%)

Dose (Urkg); Mean [Range]

Flexor carpi radialis, n (%)

Dose (Urkg); Mean [Range]

Pronator teres, n (%)

Dose (U/kg); Mean [Range]

Pronator quadratus, n (%)

Dose (Urkg); Mean [Range]

Biceps, n (%)

Dose (Urkg): Mean [Range]

Adductor pollicis, n (%)

Dose (Urkg); Mean [Range]

Flexor digitorum superficialis, n (%)
Dose (U/kgiMean [Range]

Flexor digitorum profundus, n (%)
Dose (U/kg); Mean [Range]

Flexor p
poliicis, n (%)

Dose (Urkg): Mean [Range]
Flexor pollicis longus, r (%)
Dose (Urkg); Mean [Range]
Pectoralis major, n (%)
Dose (Urkg): Mean [Range]
Pectoralis minor, n (%)
Dose (Urkg): Mean [Range]

brevis opponens

AboBoNT-A, abobotulinumtoxinA; U, units.

Cycle 1

AboBoNT-A

8Urkg (N =70)

61(87.1%)
2.75[1.0-3.0]
59 (84.3%)
1.42 0.5-1.5)
54(77.1%)
1.44[05-1.5)
50 (71.4%)
1.87 [05-2.0]
39 (65.7%)
099[0.5-1.0)
20 (28.6%)
050[0.5-0.5)
9 (12.9%)
2.11[0.5-3.0)
21 (30.0%)
050 [0.5-0.5)
21(30.0%)
1.38[1.0-1.5)
14 (20.0%)
096 [0.5-1.0)
11(16.7%)

050 [0.5-0.5)
3(4.3%)
0.83[0.5-1.0)
4(5.7%)
1.88[1.0-2.5)
0

AboBoNT-A

16 Urkg (N = 70)

57 (81.4%)
5.32(2.0-6.0]
54.(77.1%)
2.75[1.0-3.0]
58 (82.9%)
284 (1.0-3.0)
56 (80.0%)
3.75 [1.0-4.0]
44 (62.9%)
1.98[1.0-3.0]
24 (34.3%)
1.00 [1.0-1.0]
11 (15.7%)
418 [2.0-6.0]
28 (40.0%)
1.00 [1.0-1.0]
17 (24.3%)
2.71[2.0-3.0)
13 (18.6%)
1.85[1.0-2.0]
16 (22.9%)

1.00 [1.0-1.0)
1.(1.4%)
1.00(1.0-1.0
46.7%)
400 2.0-5.0)
1.(1.4%)
2.00(2.0-2.0)

Cycle2

AboBoNT-A

8U/kg (N = 86)

76 (88.4%)
2.76[1.0-3.0)
72 (83.7%)
1.42(0.5-1.5)
63 (73.3%)
1.360.5-15]
58 (67.4%)
1.91 (1.0-2.0]
48 (55.8%)
1.00(05-1.5]
23 (26.79%)
050 [0.5-0.5)
15 (17.4%)
247 [1.0-3.0]
28 (32.6%)
050 [0.5-0.5)
27 (31.4%)
1.31[1.0-1.5)
15.(17.4%)
097 [0.5-1.0
13(15.1%)

050 (0.5-0.5)
8(9.3%)
0.75[0.5-1.0)
6(7.0%)
1.92(1.0-25]
0

AboBoNT-A

16 Urkg (N = 90)

74.(82.2%)
531(2.0-60]
68 (75.6%)
2.78(1.0-3.0]
69 (76.7%)
281(1.0-3.0)
66 (73.3%)
3.56(1.0-4.0]
52 (57.8%)
1.94[1.0-2.0)
37 (41.1%)
1.00(1.0-1.0
18 (20.0%)
411[1.0-6.0)
40 (44.4%)
1.00 [1.0-1.0]
28(31.1%)
2.68(1.0-4.0
16 (17.8%)
1.94(1.0-2.0
22 (24.4%)

1.00(1.0-1.0
9(10.0%)
1.11[1.0-2.0
9(10.0%)
4.00 (1.0-6.0)
1(1.1%)
1.00(1.0-1.0

Cycle 3

AboBoNT-A

8 U/kg (N = 45)

40 (88.9%)
285 (1.0-3.0)
39 (86.7%)
1.46 [1.0-1.5]
30 (66.7%)
1.48 [1.0-1.5]
28 (62.2%)
1.88 (0.5-2.0]
20 (44.4%)
0.95 (0.5-1.0]
10 (22.2%)
050 (0.5-0.5]
11 (24.4%)
227 [15-3.0]
14(31.1%)
050 (0.5-0.5]
12 (26.7%)
1.33[1.0-15)
9(200%)
1.00 [1.0-1.0]
3(6.7%)

050 (0.5-0.5)
3(6.7%)
0.83[0.5-1.0)
3(6.7%)
2,00 (1.0-25)
0

AboBoNT-A

16 Urkg (N = 57)

50 (87.7%)
538[2.0-6.0]
42(73.7%)
2.74[1.0-3.0]
41(71.9%)
285(1.0-3.0]
37 (64.9%)
3.57 [1.0-4.0]
32 (56.1%)
197 [1.0-2.0]
20(35.1%)
1.051.0-2.0]
14 (24.6%)
471[1.0-6.0]
27 (47.4%)
1,00 1.0-1.0]
18 (31.6%)
2,67 [1.0-3.0]
11(19.3%)
1.73(1.0-2.0]
14 (24.6%)

1.00 (1.0-1.0]
2(3.5%)
1.00 (1.0-1.0]
4(7.0%)
450 [4.0-5.0)
0

Cycle 4

AboBoNT-A

8Urkg (N = 20)

18 (90.0%)
292[1.5-3.0)
18 (90.0%)
1.50 [1.5-1.5)
15 (75.0%)
1.50 [1.5-1.5)
15 (75.0%)
1.90 (0.5-2.0)
5 (25.0%)
090 [0.5-1.0)
4(20.0%)
050 [0.5-0.5)
2(10.0%)
225[2.0-2.5)
7 (85.0%)
050 [0.5-0.5)
6(30.0%)
1.25[1.0-1.9)
4(20.0%)
1.00 [1.0-1.0)
2 (10.0%)

050 [0.5-0.5)
2(10.0%)
0.75[0.5-1.0
1(50%)
1.00 (1.0-1.0)
0

AboBoNT-A

16 Urkg (N = 33)

30 (20.9%)
5.30 2.0-6.0]
24 (72.7%)
2.88[2.0-30]
25 (75.8%)
276 [1.0-3.0]
23(69.7%)
3.48 [1.0-4.0)
12 (36.4%)
1.92 [1.0-2.0]
12 (36.4%)
1.00 (1.0-10]
8 (24.29%)
4.38[2.0-6.0)
15 (45.5%)
1.00 [1.0-1.0]
11 (33.3%)
2.45[1.0-3.0]
5(16.2%)
1.80 [1.0-2.0]
7(21.2%)

1.00 [1.0-1.0]
2(6.1%)
2.00 [2.0-2.0]
4(12.4%)
450 [3.0-5.0)
0





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Muscle Selection and Dosing in a Phase 3, Pivotal Study of AbobotulinumtoxinA Injection in Upper Limb Muscles in Children With Cerebral Palsy



		Introduction



		Methods



		Study Conduct and Participants



		Study Treatment



		Analysis







		Results



		Patient Flow and Baseline Characteristics



		AbobotulinumtoxinA Dosing and Commonly Injected Muscles



		Safety of AbobotulinumtoxinA Dosing in Children With Upper Limb Spasticity







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
, frontiers
in Neurology

Muscle Selection and Dosing in a
Phase 3, Pivotal Study of
AbobotulinumtoxinA Injection in
Upper Limb Muscles in Children With
Cerebral Palsy





OPS/images/fneur-12-728615-g001.gif
212 envolied

Eone)
Ruriea o e A b s
it ey

Eonied R ——
e Ere—
et .
it 52 compueted 4 cydes o estment






OPS/images/fneur-12-728615-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





