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Objective: The goal of this study was to compare the unit-to-unit biological activity of the vacuum-dried formulation of 
prabotulinumtoxinA (prabotA) and onabotulinumtoxinA (onabotA) in preclinical assays.
Methods: Reconstituted 100 U vials of prabotA and onabotA were tested in 3 distinct assays: plate-capture light chain activity (PC- 
LCA), measuringlight chain enzymatic activity after recovery of toxin from reconstituted product using a proprietary toxin capture 
step; cell-based potency assay (CBPA), measuring the intoxication steps of binding, translocation, and light chain activity (synapto
somal-associated protein 25 [SNAP25] cleavage); and mouse Digit Abduction Score (DAS), evaluating muscle paresis. Each assay 
tested 3 separate prabotA and onabotA lots on several independent test dates.
Results: Multiple orthogonal assays established that when assessed on a unit-to-unit basis, the biological activity of prabotA is lower 
than that of onabotA. In the PC-LCA and CBPA assays, onabotA displayed 1.51 ± 0.14–fold higher (mean ± SD) and 1.33 ± 0.07–fold 
higher (mean of pooled lots ± SEM) activity than prabotA, respectively. Similarly, the mouse DAS data showed that onabotA had 1.4 ± 
0.1–fold higher (mean ± SEM) potency than prabotA. Results of all 3 assays demonstrated differences in potency, efficacy, and 
duration of action between onabotA and prabotA on a unit-to-unit basis.
Conclusion: Preclinical assays established differences in the biological activity of onabotA and prabotA, supporting that the units of 
biological activity are not interchangeable.
Keywords: pharmaceutical preparations, biological assays, enzyme assays, animal studies, motor neurons, protein binding

Introduction
Botulinum neurotoxin serotype A (BoNT/A) blocks the release of acetylcholine at neuromuscular junctions, inhibiting 
neuronal signaling and resulting in temporary muscle paralysis.1–3 BoNT/A-induced paralysis has been utilized in 
a variety of therapeutic and aesthetic treatment applications, such as treating cervical dystonia and reducing wrinkles 
ingrained by facial muscles.1,2,4,5 The key steps in the BoNT/A intoxication of target muscles include neuronal cell 
receptor-mediated binding and internalization, translocation of the protease domain (light chain) into the cytosol, and 
proteolytic cleavage of the soluble N-ethylmaleimide–sensitive factor attachment receptor (SNARE) protein synapto
some-associated protein 25 substrate (SNAP25).2,6

There are several subtypes of the BoN/TA serotype, which differ in their amino acid sequence.1,2 Several commer
cially available BoNT/A subtype 1 (BoNT/A1) products, derived from Clostridium botulinum bacteria, are approved for 
therapeutic and/or facial aesthetic indications.1,4,7 These products are formulated and produced using techniques that 
differ across manufacturers.4,8,9 The types and concentrations of excipients (eg, serum albumin) used to add bulk and for 
stabilization can also vary among manufacturers.4,8,10 Toxin producers test BoNT/A1 potency in proprietary assays, 
specific to the manufactured product(s), in addition to having unique product release criteria.8,9 As a result, these BoNT/ 
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A1 products have distinct pharmacological dosing, duration, efficacy, diffusion, and immunogenicity characteristics.5,7,9 

The clinical performance of individual BoNT/A1 preparations varies in terms of biologic activity, efficacy, and safety 
profiles.9,11,12

Finishing and drying are key steps in the manufacture of BoNT/A1 products.9 Drying is accomplished by lyophiliza
tion, freeze-drying, or vacuum-drying.9 Not all lyophilization, freeze-drying, and vacuum-drying processes are equiva
lent. Manufacturers use proprietary drying methods that can potentially influence the pharmacologic and clinical profiles 
of the final product.13–15

OnabotulinumtoxinA (onabotA [Botox®]; Allergan Aesthetics, an AbbVie Company, Irvine, CA, USA) was the first 
commercially available BoNT/A1 product, having received US Food and Drug Administration approval in 1989.7 

PrabotulinumtoxinA (prabotA) is a more recently available BoNT/A1 product, originally developed by Daewoong 
Pharmaceutical Co., Ltd., Seoul, Korea, and currently approved for reducing the appearance of glabellar lines in the 
Republic of Korea (2013)16,17 and the United States (2019).18 Additionally, AEON Biopharma, Inc. is studying this 
formulation (as ABP-450) for therapeutic indications, such as cervical dystonia.

PrabotA, originally produced as a lyophilized product, was converted to a vacuum-dried product by Daewoong 
Pharmaceutical Co., Ltd. for commercialization in Europe, Canada, and the United States.19 Because manufacturing 
processes can affect the clinical performance of BoNT/A1 products, the current study was conducted to compare the 
biological activity and durability between the well-established onabotA and the newer BoNT/A1 formulation, prabotA, 
both of which are vacuum-dried,19,20 using several in vitro and in vivo assays, including plate-capture light chain activity 
high-performance liquid chromatography (PC-LCA-HPLC), cell-based potency assay (CBPA), and mouse Digit 
Abduction Score (DAS) assay. To strengthen the statistical implications of the results, this study evaluated separate 
lots of prabotA and onabotA on multiple test dates.

Methods
Each BoNT/A1 product, onabotA and prabotA, was tested in triplicate on separate dates, with the 100 U vial presentation 
of each product used in all assays.

PC-LCA-HPLC
BoNT/A light chain activity was measured after toxin was recovered from reconstituted product using an established PC- 
LCA-HPLC method.21 Greater light chain activity corresponds to greater biological activity with respect to cleavage of 
SNAP25 and disruption of neuronal signaling.21,22 BoNT/A substrate derived from the SNAP25 sequence was coupled 
with reverse-phase HPLC to detect and quantify light chain activity from reconstituted product following a proprietary 
toxin recovery method.21 Each BoNT/A1 product was reconstituted with 2 mL of phosphate-buffered saline. Triplicate 
aliquots (200 μL) of reconstituted product were transferred to a 96-well plate coated with a monoclonal antibody directed 
against epitopes of the BoNT/A heavy chain that are exposed only when the toxin molecule is in its correct conformation. 
Plates containing toxin samples were then incubated at 4°C overnight in a biocontainment unit on a shaker set at 600 rpm 
(Titramax 1000; Heidolph Instruments, Schwabach, Germany). After incubation, toxin solution was removed from each 
well. Each well was then washed 5 times with 350-μL volumes of 50 mM HEPES buffer (pH 7.4), containing 0.5 mM 
zinc acetate and 0.05% Tween 20. After washing, digestion buffer (200 μL) containing 0.5 mM zinc acetate, 0.5% Triton 
X-100 (Dow Chemical Company, Midland, MI, USA), 0.5 mg/mL human serum albumin (HSA), and 2 mM dithio
threitol (DTT) in 50 mM 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid (pH 7.4) was added to each well. All 
concentrations of Triton X-100, HSA, and DTT were optimized to increase assay sensitivity. Plates were then incubated 
for 30 minutes at 37°C to facilitate toxin reduction. Aliquots (50 μL) of 200 μM SNAPtide 520 substrate (List Biological 
Laboratories Inc., Campbell, CA, USA) were added to each well, then incubated at room temperature for 72 hours to 
allow for substrate cleavage.

The substrate cleavage reaction was quenched by addition of 25 μL of 5% trifluoroacetic acid to each sample well, 
and the fluorescently labeled cleavage product(s) were separated and detected via reverse-phase HPLC21 using a Waters 
2695 XE Separations Module and Waters 2475 Multi λ Fluorescence Detector (Waters Corporation, Milford, MA, USA). 
In brief, 25 μL of quenched sample was loaded onto a Symmetry C18 column (300 Å, 3.5 μm, 4.6 mm × 150 mm; Waters 
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Corporation) maintained at 35°C. Separation was accomplished using a 10% to 90% CH3CN (0.1% TFA) gradient for 30 
minutes, with a flow rate of 1 mL/min. The column effluent was monitored fluorescently (excitation λ=322 nm, emission 
λ=420 nm) to detect the o-aminobenzoic acid fluorophore on the N-terminal cleaved fragment of SNAPtide 520.

The SNAPtide cleavage product (529; List Biological Laboratories, Inc.) was utilized to identify retention time of the 
cleavage product, as 529 is the unquenched calibration peptide for SNAPtide 520 substrate for C botulinum type 
A neurotoxin. Data were collected and analyzed via Waters Empower Pro software (Waters Corporation). Light chain 
activities of product lots were then compared after being tested head-to-head on the same plate. Data from the 2 
independent test dates were summarized by calculating the mean fold differences ± standard deviation (SD) between each 
BoNT/A1 product, then analyzed using a one-way analysis of variance (ANOVA). In addition, the pooled data from both 
test dates were analyzed using an unpaired t-test (2 tailed) with Welch’s correction. Post hoc comparisons were 
determined using the Tukey’s multiple comparison test. Statistical analysis for PC-LCA-HPLC data was performed 
using GraphPad Prism v7.02 (GraphPad Software, Inc, San Diego, CA, USA).

CBPA
The CBPA measures the cleavage of SNAP25 in SiMa neuroblastoma cells following treatment with BoNT/A.23 This 
assay allows for the direct comparison of unit potency between BoNT/A1 products in live cells,23 with potency (EC50) 
defined as the effective concentration (units/mL) required for cleavage of 50% of SNAP25. The methodology for the 
research version of the CBPA used in this study was adapted from Fernández-Salas et al.23 In summary, human 
neuroblastoma SiMa H1 cells (DSMZ; Braunschweig, Germany) were plated onto poly-D-lysine 96-well plates at 
100,000 cells/well in serum-free media (SFM) with 25 µg/mL of GT1b (Enzo Life Sciences, Farmingdale, NY, USA) 
for 3 days. The different lots of prabotA and onabotA were reconstituted in SFM with 25 µg/mL of GT1b on the day of 
testing. Each product was tested at a dose range of 0.04–250 U/mL, with each dose run in triplicate. PrabotA and 
onabotA were run head-to-head on the same assay plate to allow for direct comparison of product potencies. After 24 
hours of treatment, the BoNT/A1 toxin was removed, and cells were incubated in fresh SFM with 25 µg/mL of GT1b for 
an additional 48 hours.

Detection of cleavage product was determined using an enzyme-linked immunosorbent assay (ELISA)-based method. 
In brief, cells were lysed, and lysates were transferred to MSD High Bind plates (Meso Scale Diagnostics, LLC, 
Rockville, MD, USA) coated with anti-SNAP25197 monoclonal antibody (mAb). Plates were then washed with 0.05% 
phosphate-buffered saline with Tween 20 (PBST) and incubated with SULFO-TAG NHS-Ester (Meso Scale Diagnostics, 
LLC) labeled anti-SNAP25 pAb (Sigma, St. Louis, MO, USA). The electrochemiluminescent (ECL) signal of captured 
BoNT/A toxin-cleaved SNAP25 was then quantified on an MSD plate reader (SECTOR S 600; Meso Scale 
Diagnostics, LLC).

To account for plate-to-plate variability, ECL data from each product on a given assay plate were normalized to the 
maximal dose values for that product to obtain percent of maximal dose values (% of Max Dose ECL). Normalized data 
were analyzed using nonlinear regression (3-parameter logistic model; applying curve constraint at the top equal to 100) 
to generate pharmacological potency values (EC50) using GraphPad Prism v7.02 (GraphPad Software Inc., San Diego, 
CA, USA). To determine whether potency was significantly different between the 2 products, mean normalized EC50 

values for onabotA and prabotA lots that were run head-to-head on the same assay plates were compared via paired 
2-tailed t-test. To determine whether the 3 lots tested for each product could be pooled, mean normalized EC50 values for 
onabotA and prabotA were compared via one-way ANOVA with Tukey’s multiple comparison test. In addition, the 
individual potency values from onabotA and prabotA were used to generate average relative potency ratios of prabotA to 
onabotA. These values represent the fold increase in prabotA required to obtain the same observed potency as onabotA in 
the CBPA. All plotting, curve fitting, and statistical analyses for CBPA data were carried out using GraphPad Prism.

Mouse DAS Assay
The mouse DAS assay is a preclinical in vivo assessment of toxin-induced temporary muscle paralysis following 
intramuscular injection into a mouse hind limb gastrocnemius (calf) muscle.24–26 This assay measures the dose- 
dependent effects of toxin diffusion from the injection site into anterior hind limb muscles (ie, extensor digitorum 
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longus and tibialis anterior muscles) responsible for the natural dorsiflexion startle response in mice and is used to 
characterize toxin in vivo pharmacological activity.25,26 The DAS assay has been used to evaluate hind limb muscle 
paralysis induced by different BoNT serotypes and BoNT/A1 products, allowing comparison of their potency, efficacy, 
and duration of action.24,27–30 DAS is measured at peak response and over time.24,25,29 Potency data are expressed as the 
units of the effective dose per kilogram to cause a 50% reduction in digit abduction (ED50).25,29

All procedures involving mice were approved by the Allergan Animal Care and Use Committee (AACUC; protocol 
#225-100051-2019; approved February 7, 2019), following guidelines put forward by the American Association for 
Laboratory Animal Science (AALAS). The DAS assay has been described previously.25,29 Female CD-1 mice (Charles 
River Laboratories, Wilmington, MA, USA) weighing between 20 and 28 g were housed in groups of 6 and maintained 
on a 12-hour light–dark cycle, with food and water provided ad libitum. Three separate lots (same as those used for the 
PC-LCA-HPLC and CBPA testing above) of each BoNT/A1 product, prabotA and onabotA, were tested head-to-head in 
triplicate (N=3 independent studies), with each replicate commencing on 1 of 9 different test dates, and with a new vial of 
each product reconstituted for individual test replicates. For each experimental replicate, 4 comparable doses of each 
BoNT/A1 product were prepared based on labeled units, with n=6 mice per dose. Working solutions for onabotA and 
prabotA were prepared via serial dilution in 0.9% saline to yield final concentrations for each product (5.47, 9.10, 15.10, 
and 24.30 U/kg). Based on previous data,29 these concentrations represent projected DAS ED25, ED50, ED75, and ED90 

doses, respectively, for onabotA. Investigators and observers were blinded to the test articles and doses.
On day 0, mice were randomized to receive 5 μL of diluted test product into the right gastrocnemius muscle using 

a 30-gauge needle attached to a 250-μL sterile glass syringe affixed to PB600-1 repeating dispensers (Hamilton Co., 
Reno, NV). Toxin-induced muscle paralysis was scored at various intervals following the injections using a 5-point DAS 
scale, with “0” representing a normal startle response and “4” representing maximum reduction in digit abduction.25 All 
groups were rated not only for DAS, but also observed for any changes in general activity level within the home cage 
according to AACUC-approved criteria for assessing the clinical well-being of a test animal, on days 1−4, 7, 9, 11, 14, 
16, 18, and 21. Upon achievement of 2 consecutive DAS = 0 ratings for all mice in a group, further DAS rating and 
general activity observations were discontinued.

Scatterplots of the maximum average DAS versus dose (U/kg) were generated for individual replicates, and 
regression analyses were performed via a 3-parameter logistic model for each replicate by using curve restraints at the 
minimum (0) and maximum (4) values. These regression analysis output parameters were then used to calculate the 
median effective dose (ED50) values for each product. ED50 values for individual replicates were used to calculate 
a mean (± standard error of the mean [SEM]) ED50 value for each product. Mean ED50 values were compared across 
replicate sets via one-way ANOVA prior to data pooling to ensure they did not differ significantly. The individual 
potency values from onabotA and prabotA samples were then used to generate average relative potency ratios of prabotA 
to onabotA. Finally, comparison of duration of action between onabotA and prabotA was achieved by determining line 
and scatter plots of “DAS versus time (day)” and by calculating area under the curve (AUC) values for the onabotA and 
prabotA duration plots. Individual replicate AUC values were used to calculate a mean (±SEM) AUC value. Mean ED50 

and AUC values were compared via one-way ANOVA followed by post hoc analysis using the pooled data. All analyses 
involving plotting, curve-fitting, and statistics for in vivo DAS data were conducted using SigmaPlot v13.0 (SysStat 
Software, Inc, San Jose, CA, USA).

Results
PC-LCA-HPLC
In the PC-LCA-HPLC assay, onabotA and prabotA consistently showed differences in biological activity on a unit-to- 
unit basis, with all 3 lots of onabotA demonstrating greater light chain enzymatic activity than all 3 lots of prabotA on 
both test dates (Figure 1A and B). The peak areas of each onabotA lot were significantly different (P<0.01) than the peak 
areas of each prabotA lot on both test dates (based on one-way ANOVA; Tukey’s multiple comparisons test), suggesting 
greater cleavage of SNAP25 substrate by onabotA (Table 1). When data from both test dates for the lots of onabotA and 
prabotA were pooled (18 vials per product; Figure 1C), prabotA exhibited 66.91% ± 6.39% (mean ± SD) of the light 
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chain activity of onabotA, which was significantly different (P<0.0001; Welch’s unpaired 2-tailed t-test). Therefore, 
a 1.51 ± 0.14–fold overall difference (mean ± SD) in the light chain enzymatic activity was observed between onabotA 
and prabotA (Table 1).

Figure 1 Plate-capture light chain activity high-performance liquid chromatography (PC-LCA-HPLC) comparison of onabotulinumtoxinA (onabotA) and prabobotulinumtoxinA 
(prabotA) vials. (A) First test date. (B) Second test date. SNAPtide cleavage product area in relative fluorescence units (± standard deviation [SD]) for 3 separate lots of onabotA versus 
3 separate lots of prabotA is shown for each test date (N=3 independent studies). Three vials were tested per product lot on each test date. Differences were analyzed using a one-way 
analysis of variance (ANOVA). Post hoc comparisons were determined using the Tukey’s multiple comparison test. Statistically significant differences of P<0.01 were observed between 
onabotA and prabotA samples on both test dates. (C) Pooled normalized data from both test dates for onabotA and prabotA. Normalized data are presented as mean ± SD percent 
average onabotA response. Differences in normalized means for prabotA versus onabotA were analyzed using an unpaired t-test (2-tail) with Welch’s correction. A statistically 
significant difference of P<0.01 was observed between the normalized and combined mean for onabotA and prabotA. *P<0.01.

Table 1 Summarized Data Showing PC-LCA-HPLC Comparison of OnabotA and PrabotA

Product Test Day % Activity 
Relative to OnabotA (Mean ± SD)

Fold Difference 
Relative to OnabotA (Mean ± SDa)

OnabotA (C5068C3, C5049C3, C4278C3) Day 1 100 ± 5.96 1.48
PrabotA (100849, 102663, 102703) 67.6 ± 6.31b

OnabotA (C5068C3, C5049C3, C4278C3) Day 2 100 ± 3.95 1.51
PrabotA (100849, 102663, 102703) 66.23 ± 6.77b

OnabotA Pooled 100 ± 4.90 1.51 ± 0.14a

PrabotA 66.91 ± 6.39c

Notes: Data shown are percent activity values across all lots from the light chain HPLC assay. Three vials of each lot were tested on each date. Pooled data by test day and 
lot per product are shown. aThe mean fold difference ± SD relative to respective onabotA (100 U/vial) lots are presented. Sample sizes for individual assays are specified in 
Methods. bFor each individual test date, peak areas of each onabotA lot were significantly different (P<0.0001) based on one-way ANOVA with Tukey’s multiple comparisons 
test. cWhen pooling both test dates, the light chain activity of onabotA was significantly different from prabotA (P<0.0001) based on the Welch’s unpaired 2-tailed t-test. 
Abbreviations: ANOVA, analysis of variance; HPLC, high-performance liquid chromatography; OnabotA, onabotulinumtoxinA; PC-LCA-HPLC, plate-capture light chain 
activity high-performance liquid chromatography; PrabotA, prabotulinumtoxinA; SD, standard deviation.
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CBPA
In the CBPA assay, wherein 3 lots of each product were evaluated, onabotA and prabotA demonstrated differences in 
potency based on a product-labeled unit-to-unit comparison. PrabotA showed higher EC50 in all 3 of the lot comparisons, 
suggesting lower potency relative to onabotA (Figure 2A, Table 2). This difference was statistically significant (P<0.05; 
paired 2-tailed t-test) for lot comparisons #1 (P=0.03) and #3 (P=0.02) but not for lot comparison #2 (P=0.09; Table 2). 
Similar results were observed when the 3 lots of each product were pooled, as indicated by a rightward shift in the dose– 
response curve (Figure 2B), with mean (± SEM) EC50 values of 10.44 ± 0.50 U/mL for onabotA and 13.84 ± 0.06 U/mL 
for prabotA (Table 2). Comparison of the mean normalized EC50 values revealed a significant difference between 
onabotA and prabotA (P<0.0001, paired 2-tailed t-test). Furthermore, onabotA displayed a 1.33 ± 0.07–fold increase in 
activity compared with prabotA. The relative potency of prabotA was 0.76 ± 0.04 (mean ± SEM), indicating that 25% 
more prabotA units would be necessary to obtain the same effect as onabotA in this assay (Table 2).

Mouse DAS
Both 100 U/vial labeled strengths of prabotA and onabotA showed an increasing dose–response relationship in the mouse 
DAS assay (Figure 2C). However, prabotA showed reduced potency when compared with onabotA on a lot-to-lot basis, 
as indicated by a rightward shift in the overall dose–response curve for the mean peak DAS. Mean ED50 values for 
prabotA vials were significantly higher across each tested lot compared with onabotA reference lots (P<0.05; Table 2). 
This reduced potency resulted in a difference of 1.28- to 1.58-fold between prabotA and onabotA across the different lot 
comparisons. Furthermore, the mean pooled ED50 value (± SEM) for prabotA (14.78 ± 0.32 U/kg) was significantly 
higher when compared with the mean ED50 value from the pooled onabotA data (10.78 ± 0.40 U/kg; P<0.05), resulting 
in an overall mean difference of 1.38 ± 0.1–fold between the 2 products (Table 2). The difference in potency between the 

Figure 2 In vitro and in vivo pharmacological comparisons between onabotulinumtoxinA (onabotA) and prabobotulinumtoxinA (prabotA) products. (A) Cell-based potency 
assay (CBPA) mean normalized EC50 values showing statistically significant differences (P<0.05) between the mean pooled lot comparison as well as for 2 of the 3 individual 
product lot comparisons of onabotA and prabotA (Table 2). (B) CBPA mean normalized dose–response curves for the 3 pooled lots of onabotA and prabotA are shown 
as percent of maximal dose of electrochemiluminescent (ECL) ± standard error of the mean (SEM; N=11). Individual dose–response curves were assessed using nonlinear 
regression (3-parameter logistic model applying curve constraint at the top equal to 100) to generate pharmacological potency (EC50) values that were significantly different 
(P<0.0001) for the pooled product lot comparison. (C) Pooled mean peak mouse Digit Abduction Score (DAS) assay from N=3 independent studies comparing onabotA and 
prabotA products (n=6 mice per dose). DAS dose–response curves were assessed using nonlinear regression (3-parameter logistic model applying curve constrain at the top 
equal to 4) to generate pharmacological potency (ED50) values (mean ± SEM) that were significantly different (P<0.05) between individual and pooled product lot 
comparisons of onabotA and prabotA (Table 2). (D) Mean DAS responses (± SEM) over time are shown for 3 pooled lots of prabotA and onabotA at the 24.3 U/kg dose 
(N=9). Area under the curve (AUC) values for each product were compared and were *significantly different between the 2 products (P<0.05).
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2 products was associated with a longer duration of muscle paralysis for onabotA compared with prabotA at equivalent 
doses. When administered at equivalent doses (≈24 U/kg), onabotA demonstrated a longer duration of action compared 
with prabotA (Figure 2D). The calculated AUC value (± SEM), representing overall product efficacy, of the 24.3 U/kg 
dose of onabotA was significantly higher (18.36 ± 0.97; P=0.002) compared with the 24.3 U/kg dose of prabotA (13.79 ± 
0.75), indicating that more prabotA was required to achieve comparable peak response and duration compared with 
onabotA in the mouse DAS assay (Figure 2D).

Discussion
The non-interchangeability of BoNT/A1 products has been described extensively in the literature and is supported by an 
abundance of scientific and clinical evidence.9,11,12,20,24,31–37 In this study, we compared units of prabotA and onabotA in 
3 independent in vitro and in vivo assays. Results of all 3 assays demonstrated differences in potency, efficacy, and 
duration of action between onabotA and prabotA on a unit-to-unit basis. These findings confirm that, similar to other 
BoNT/A1 products,33 the units of prabotA and onabotA are not interchangeable.

Recently, a non-inferiority trial to support the regulatory approval of prabotA for the treatment of glabellar 
lines was conducted in Europe and Canada.19 The 150-day active- and placebo-controlled study was designed to 
demonstrate prabotA is non-inferior to an active comparator already approved in the market (onabotA) by a pre- 
specified margin (no greater than 10%) at a specific time point (day 30 post-injection).19 A single dose of 20 
U prabotA was shown to be non-inferior to 20 U onabotA in improving the severity of glabellar lines on day 30 
post-injection. Responder rates were numerically higher for prabotA than onabotA, but no statistical analysis was 
performed between the active treatment arms to assess statistically significant differences between prabotA and 

Table 2 Summary of Normalized Mean CBPA EC50 and Mean DAS ED50 Values for OnabotA and PrabotA

Lot 
Comparison 
No.

Product CBPA 
EC50 (U/mL) 

(Mean ± SEM)

CBPA 
Fold Difference 

Relative to OnabotA 
(Mean ± SDa or SEMb)

DAS 
ED50 (U/kg) 

(Mean ± SEM)

DAS 
Fold Differencec 

Relative to OnabotA 
(Mean ± SDa or SEMb)

1 OnabotA 
(C5068C3)

9.06 ± 0.7 1.47 ± 0.1a 9.67 ± 0.49 1.58 ± 0.07a

PrabotA 
(100849)

13.96 ± 1.02c 15.33 ± 0.88d

2 OnabotA 
(C5049C3)

11.29 ± 1.30 1.23 ± 0.2a 11.01 ± 0.73 1.29 ± 0.13a

PrabotA 

(102663)

13.83 ± 1.57 14.07 ± 0.22d

3 OnabotA 
(C4278C3)

10.45 ± 0.80 1.31 ± 0.1a 11.67 ± 0.40 1.28 ± 0.08a

PrabotA 

(102703)

13.74 ± 1.45c 14.93 ± 0.17d

Pooled: 

onabotA

10.44 ± 0.50 1.33 ± 0.07b 10.78 ± 0.40d 1.4 ± 0.1b

Pooled: 

prabotA

13.84 ± 0.06c 14.78 ± 0.32d

Notes: Data shown are individual and mean pooled lot values from the CBPA and DAS assay. Sample sizes for individual assays are specified in Methods. aMean 
lot-for-lot potency fold difference ± SD. bMean of pooled lots fold differences ± SEM. cP<0.05, statistically different compared with respective onabotA (100 U/ 
vial) lot based on paired 2-tailed t-test. dP<0.05, statistically different compared with respective onabotA (100 U/vial) lot run head-to-head via one-way 
ANOVA followed by Holm-Sidak post hoc analysis. 
CBPA: data evaluating EC50 values of onabotA to prabotA and the prabotA potency fold difference relative to respective onabotA (100 U/vial) lots; DAS: 
evaluating onabotA to prabotA ED50 values and the prabotA potency fold difference relative to respective onabotA (100 U/vial) lots.  
Abbreviations: ANOVA, analysis of variance; CBPA, cell-based potency assay; DAS, Digit Abduction Score; OnabotA, onabotulinumtoxinA; PrabotA, 
prabotulinumtoxinA; SD standard deviation; SEM, standard error of the mean.
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onobotA.19 Therefore, while the study showed non-inferiority of prabotA vs onabotA, it did not, by design, 
establish statistical superiority for prabotA. Non-inferiority trials may have limitations in their study designs, 
including a potential for inadequate sensitivity of the analysis, lack of justification for choice of non-inferiority 
margin, inconsistency between significance level chosen in sample size calculations and the confidence interval, 
opportunity for bias, and comparisons based on outdated or incomplete assumptions about treatments.38–41

There are several factors that play a role in the lack of interchangeability of BoNT/A1 products, such as the unique 
manufacturing processes, formulation, and potency assays of each product, as reviewed by Brin et al.9 Various preclinical 
studies have demonstrated that BoNT/A units cannot be readily interchanged with other preparations of botulinum toxin 
products.24,29,42,43 To compare the potencies of 3 different BoNT/A1 products, 1 in vivo study quantified hind limb 
paresis after injection of BoNT/A1 into the hind limbs of mice and found that units of incobotulinumtoxinA (incobotA), 
abobotulinumtoxinA (abobotA), and onabotA are not interchangeable.43 In a study using 2 in vitro and 2 in vivo assays, 
onabotA displayed significantly different biological activity on a unit-to-unit basis compared with incobotA.29 These 
in vitro and in vivo findings were similar to those from studies demonstrating dosing non-interchangeability occurs 
clinically.29,37 Currently, regulatory agencies worldwide have established that BoNT/A units are not interchangeable, as 
stipulated in commercial product labeling.44–47

However, in the current study, the difference in potency translated into a greater response and longer duration of 
muscle paralysis in the mouse DAS assay with onabotA versus prabotA administered at equivalent unit doses (≈24 U/kg). 
Based on these data, it is reasonable to predict that a 1:1 dose ratio for onabotA and prabotA would not produce 
equivalent clinical outcomes.

Previous clinical studies provide support that units of BoNT/A1 products are not interchangeable. The results 
of a retrospective, non-interventional clinical study that observed patients (N=288) with blepharospasm who 
received ≥8 consecutive treatments with either onabotA, abobotA, or incobotA showed that none of these 
BoNT/A1 products had a 1:1 dose conversion ratio with another.37 Furthermore, a multicenter, randomized, 
double-blind study of 224 patients with moderate or severe glabellar lines who received a single onabotA 20 
U or incobotA 30 U treatment found similar percentages of responders in each group, as defined by at least 
a 1-point reduction in the Facial Wrinkle Scale at maximum contraction at day 28 post-injection.12 In another 
study, 62 patients with moderate or severe glabellar lines at maximum contraction were randomized to onabotA 20 
U or abobotA 50 U.11 At week 12, 77% of the 20 U onabotA group and 59% of the abobotA 50 U group achieved 
at least a 1-grade improvement or greater in glabellar line severity at maximum contraction.11 However, 
a prospective, randomized, double-blinded, parallel-group study in 250 patients found that incobotA 20 U and 
onabotA 20 U were equivalent in the treatment of glabellar lines at 1 month post-injection, within a prespecified 
±15% margin of equivalence, and that efficacy and tolerability were similar between treatment groups through 4 
months.48 Limitations in interpreting equivalence studies, as well as non-inferiority studies, include factors such 
as limited and investigator-selected time and efficacy endpoints, subjective selection of what constitutes 
a difference, and lack of statistical power to detect differences.38,39

Like previous studies, the current data further support that BoNT/A1 products lack interchangeability. The 
current preclinical data demonstrate differences in the biological activity and potency of onabotA and prabotA 
when tested on a unit-to-unit basis. The data thereby reinforce the regulatory statements on all commercially 
available BoNT/A1 products that dosing units are not interchangeable with those of any other botulinum toxin 
preparation and cannot be compared with or converted into units of any other product.44 The findings have 
increasing relevance as new therapies enter the clinical milieu with different properties related to dosing and 
duration of effect.

Abbreviations
abobotA, abobotulinumtoxinA; ANOVA, one-way analysis of variance; BoNT/A, botulinum neurotoxin serotype 
A; BoNT/A1, botulinum neurotoxin serotype A subtype 1; CBPA, cell-based potency assay; DAS, Digit 
Abduction Score; DTT, dithiothreitol; ECL, electrochemiluminescent; ELISA, enzyme-linked immunosorbent 
assay; HSA, human serum albumin; incobotA; incobotulinumtoxinA; mAb, monoclonal antibody; onabotA, 
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onabotulinumtoxinA; PC-LCA-HPLC, plate-capture light chain activity high-performance liquid chromatography; 
prabotA, prabotulinumtoxinA; SD, standard deviation; SEM, standard error of the mean; SFM, serum-free media; 
SNARE, soluble N-ethylmaleimide–sensitive factor attachment receptor; SNAP25, synaptosome-associated protein 
25 substrate; VD, vacuum-dried.
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