Field effect of two commercial preparations of
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Background: The dose equivalence of commonly used commercial preparations of botulinum toxin type
A, Dysport (abotulinumtoxinA [ABO] 500 U, Ipsen Biopharm Limited, Wrexham, United Kingdom) and
Botox (onabotulinumtoxinA [ONA] 100 U, Allergan, Irvine, CA), remains unclear.

Objective: We sought to evaluate the field effect for ABO and ONA at dose equivalences of 2.5:1.0 U and
2.0:1.0 U, in both muscular and sweat gland activity.

Methods: 1n all, 59 female patients with forehead wrinkles were enrolled. Patients were randomized for
dose equivalence between ABO and ONA, group A (2.0:1.0 U, ABO:ONA) or group B (2.5:1.0 U,
ABO:ONA) administered in the frontalis muscles. Clinical assessment, Minor test, and electromyography
evaluations were performed at baseline, 28 days, and 112 days.

Results: In group B, the field of anhidrotic effect of ABO showed a greater area and larger horizontal
diameter than ONA at 28 and 112 days. At maximum frontalis muscle activity (day 112) patients receiving
ABO demonstrated greater improvement based on the Wrinkle Severity Scale. No differences were found in
frontalis muscle activity at rest between groups A and B based on results of Wrinkle Severity Scale,
electromyography, and interindividual variability data at 28 and 112 days.

Limitations: Currently, there are no objective measurements other than electromyography to evaluate the
field effect of botulinum toxin type A in muscles.

Conclusion: At a dose equivalence of 2.0:1.0 U (ABO:ONA), similar field effects were found for both
muscle and sweat gland activity. At a higher dose equivalence of 2.5:1.0 U (ABO:ONA), injections of ABO
showed greater area and larger horizontal diameter in field of anhidrotic effect at 28 and 112 days than

ONA. (J Am Acad Dermatol 2012;67:226-32.)
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here is consensus among clinicians that the
cosmetic use of botulinum toxin type A
(BoNTA) is safe and effective when correctly
administered. After local injection, BONTA evokes a
highly specific, local muscle paralysis and sweat
gland activity cessation that results in a clinically

delimited area, usually round or oval, demonstrating
absence of voluntary muscular contraction and sweat
gland activity.

The two most commonly used commercial prep-
arations of BoNTA authorized for cosmetic use
worldwide are Dysport (abotulinumtoxinA [ABOD),
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manufactured by Ipsen Biopharm Limited, Wrexham,
United Kingdom, and Botox (onabotulinumtoxinA
[ONA]), manufactured by Allergan, Irvine, CA. ABO is
currently available for cosmetic use in 500 U vials in
Europe and South America, whereas the 300 U vial is
approved for use in the United States. ONA is avail-
able in 100 U vials. Although these are distinct
products, with different for-
mulations and potencies,
questions remain regarding
the dose equivalence be-
tween these two products.
In addition, varying ratios
have been reported in the
literature with regard to the
number of equivalent units of
ABO to ONA.'”

This prospective, double-
blind, randomized study
compared the field effects of
these two products using two
dosing ratios, 2.5:1.0 U and
2.0:1.0 U (ABO:ONA), for
both muscular and sweat
gland activity. Subjective
and objective measurements
at 28 and 112 days after stan-
dardized injections included:
the area and horizontal di-
ameter of the field of anhidrotic effect (FAE) as a
primary outcome measurement; forehead Wrinkle
Severity Scale (WSS) scores,® and evoked compound
muscle action potentials (ECMAP)’ in the frontalis
muscle as secondary outcome measures.

METHODS
Study design and patients

This prospective, single-center, randomized,
double-blind study was approved by the ethics
committee of Hospital de Clinicas of Porto Alegre.
All participants were patients from a research center
in Porto Alegre, Brazil. All of them provided written
consent. The main inclusion criteria were: presence
of moderate to severe forehead wrinkles on both
sides at maximum contraction of frontalis muscle
according to WSS score; were naive to BoNTA
injections; positive sweating by Minor test, and
scores of II to V on the Sweat Intensity Visual Scale.®

Methods

At baseline, demographic data, current smoking
habits, Glogau classification,” WSS scores, and initial
Minor test'’ were assessed. A standard set of 3
photographs of the forehead muscles (relaxed,
contracted, and relaxed under Minor test) was taken.

« This study evaluated the field effects of
abotulinumtoxinA (ABO) and
onabotulinumtoxinA (ONA) at dose
equivalences of 2.5:1.0 U and 2.0:1.0 U, on * ABO 500 U per vial—re-
both muscular and sweat gland activity.

« The dose equivalence of 2.0:1.0 U
(ABO:ONA) showed similar field effects
for muscle and sweat gland activity.

+ These results support the hypothesis
that the extension of the field effect is
mainly dose dependent.
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Measurement of ECMAP was performed using sur-
face electrodes on the forehead and electrical stim-
ulation of the facial nerve according to standard
neurophysiological procedures.

The products were reconstituted using 0.9% ster-
ile saline solution without preservative, immediately
before injection (5-20 minutes before administra-

tion), as follows:

CAPSULE SUMMARY e ABO 500 U per vial—recon-
stituted with 2 mL of the

solution, resulting in a con-
centration of 250 U/mL of
the reconstituted product;

constituted with 2.5 mL of
0.9% of the solution, re-
sulting in a concentration
of 200 U/mL of the recon-
stituted product;

Injections of ABO at dose equivalence of e ONA 100 U per vial—re-
2.5:1.0 U (ABO:ONA) showed greater area
and larger horizontal diameter in field of
anhidrotic effect than ONA at 28 and 112
days postinjection.

constituted with 1 mL of
0.9% of the solution, re-
sulting in a concentration
of 100 U/mL of the recon-
stituted product.

Two injection points were
marked using a template cre-
ated from an x-ray sheet to
ensure location of injection points were consistently
marked from patient to patient. Standard isovolu-
metric injections, using ultrafine IT 0.3-mL syringes,
with a 29G needle, 0.5 cm in length, short needle
(Becton Dickinson Labware, Franklin Lakes, NJ) were
administered using cut caps of the needles with the
template positioned on the patient’s forehead. Caps of
needles were cutand used to ensure that the products
were injected at a standardized depth of 3 mm.

Patients were randomized to dose equivalence
groups between ABO and ONA (2.0:1.0 U or 2.5:1.0
U) and to the side of the forehead in which the
injection (left or right) was to be administered. The
randomization list was generated by a statistician and
blinding was maintained using sealed envelopes
each containing the patient number, corresponding
dilution, and the side of the forehead that each
product was injected.

Isovolumetric (0.02 mL) doses of 5 U or 4 U of

ABO were injected on one side of the forehead and 2
U of ONA were injected on the contralateral side of
the forehead of the same subject, as follows:
e Group A (2.0:1.0 U ABO:ONA): patients received
4 U/0.02 mL of reconstituted ABO on one side of
the forehead and 2 U/0.02 mL of reconstituted
ONA on the contralateral side.
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Abbreviations used:

ABO: abotulinumtoxinA (Dysport)
BoNTA: botulinum toxin type A
ECMAP: evoked compound muscle action

potentials
EMG: electromyography
FAE: field of anhidrotic effect
FME: field of muscular effect
ONA: onabotulinumtoxinA (Botox)
WSS: Wrinkle Severity Scale

e Group B (2.5:1.0 U ABO:ONA): patients received
5 U/0.02 mL of reconstituted ABO on one side of
the forehead and 2 U/0.02 mL of reconstituted
ONA on the contralateral side.

Clinical and photographic assessments, Minor
test, and electromyography (EMG) evaluations
were performed at 28 and 112 days postinjection.
Clinical assessments included WSS score at rest and
at maximum frontalis muscle activity using a vali-
dated 4-point scale. Photographic assessments at rest
and at maximum activity of the frontalis muscle and
under Minor test were recorded. The amplitude of
the ECMAP in the frontalis muscle on stimulation of
the facial nerve was performed by an experienced
neurologist (F. T. R.). The ECMAP was accessed by an
EMG device (TECA Sapphire, TECA Corp,
Pleasantville, NY). The horizontal diameter and
area of FAE at days 28 and 112 were expressed in
centimeters and quantified by software (Mirror,
Canfield Scientific Inc, Fairfield, NJ). Calculation of
the area was performed considering the perimeter of
the field effect, assuming that they were not all
perfect circles.

After the last visit, two blinded independent
dermatologists evaluated patients’ photographs at
28 and 112 days postinjection, using the standard
4-point scale (WSS).

Statistical methods

A Student ¢ test was used for continuous variables
and the y* test was used for categories variables.
Mann-Whitney U and Wilcoxon tests were used for
nonparametric variables.

Assuming a SD of 0.276 for the diameter and area,
an equivalence limit of A of 0.2 cm, and no difference
between the two treatment groups, a sample size of
23 patients per treatment group was deemed suffi-
cient to perform the test with type I error probability
of a of 0.025 and power of 90%.

The interindividual variability data among diam-
eters and areas of FAE for ABO and ONA were also
evaluated; these values were expressed as average
change from day 28 to day 112 in area/diameter.
Other data were expressed by mean * SD, median
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and range, or percent. A P value less than .05 was
considered to be significant. SSPS 16.0 (SPSS Inc,
Chicago, IL) was the statistical program used to
analyze the data.

RESULTS

A total of 59 female patients aged between 18 and
60 years were included in this study. One patient
withdrew consent before randomization. In all, 58
patients were randomized to groups A and B and 54
completed the study: 26 in group A and 28 in group
B. Four patients did not complete the study.

At baseline, there were no significant differences
between groups A and B regarding age (44 = 9 vs
42 * 12 years, P = .46), current smoking habits (26%
vs 11%, P = .84), ethnicity (89% vs 86% Caucasian,
P=.74), Glogau scale (81.5% vs 82% Glogau grade II,
P = .53), and WSS (92.5% vs 78.5% for moderate
scores).

Differences in WSS score at maximum frontalis
muscle activity were not statistically significant at
days 28 and 112 for either group, with the exception
of WSS score at maximum frontalis muscle activity at
day 112 in group B that favored ABO (more patients
had greater improvement at day 112 according to the
WSS score) (Table D.

There were no differences between the groups at
day 28 and 112, according to the ECMAP results
(Table ID.

Table III describes the diameters and areas of FAE
for group A, ONA and ABO, at days 28 and 112. No
statistical significance was found between the FAE of
the two tested doses and products (Figs 1 and 2). The
FAE at days 28 and 112 for group B demonstrated
statistical difference with regard to a larger horizontal
diameter and area for ONA when compared with
ABO (Figs 3 and 4, and Table TV). This statistically
significant difference in group B was 0.16 * 0.16 cm
in diameter and 0.46 + 0.4 cm? for the area, favoring
ABO.

No statistical significance was found in the inter-
individual wvariability data among diameters and
areas of FAE for ABO and ONA, which varied from
0 to 1 cm for both groups and products.

According to evaluations performed by two inde-
pendent dermatologists, the WSS score at rest and
maximum frontalis muscle activity were similar in
group A. However, WSS score at maximum frontalis
muscle activity on day 28 and at rest on day 112
favored ABO (more patients presented greater im-
provement according to the WSS score) (P = .02 and
P = .04, respectively) in group B. There were no
differences in WSS score at rest on day 28 and
at maximum frontalis muscle activity on day 112
(P = .56 and P = .30, respectively).
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Table 1. Wrinkle Severity Scale scores according to investigator evaluations at baseline, 28 days, and 112 days,

either at rest or maximum contraction stratified by group

Investigators evaluation

Group A Group B
ABO ONA P ABO ONA P

WSS score at rest at baseline 3/22/2/— 2/22/3/— 32 2/20/6/— 2/19/7/— 32
None/mild/moderate/severe (n)
WSS score at maximum frontalis muscle activity —/—/18/9 —/—/18/9 1.00 —/=/17/11 —/—16/12 32

at baseline
None/mild/moderate/severe (n)
WSS score at rest at 28 d 6/20/1/— 5/21/1/— .56 9/19/—/— 9/17/2/— .16
None/mild/moderate/severe (n)
WSS score at maximum frontalis muscle activity —/12/13/2 —/12/13/2 1.0 2/16/9/1 2/12/11/3 .06

at 28 d
None/mild/moderate/severe (n)
WSS score at rest at 112 d 8/17/1/— 9/16/1/— 31 8/19/1/— 7/20/1/— .56
None/mild/moderate/severe (n)
WSS score at maximum frontalis muscle activity 2/7/13/4 2/7/13/4 1.0 2/15/8/3 —/12/13/3 .008

at 112 d
None/mild/moderate/severe (n)

WSS, Wrinkle Severity Scale.

Table II. Results of amplitude of evoked
compound muscle action potentials for groups A
and B at 28 and 112 days

Table III. Horizontal diameter and area of field of
anhidrotic effect at 28 and 112 days at dose
equivalence of 2.0:1.0 ABO:ONA (group A)

ABO ONA P

EMG results, u vV ABO ONA P

ECMAP at 28 d  475.67 = 414.00 546.78 = 505.43 .70
(group A)

ECMAP at 112 d 578.47 *= 365.20 666.00 = 479.43 .16
(group A)

ECMAP at 28 d 49253 = 290.70 468.27 = 263.31 .61
(group B)

ECMAP at 112 d 482.63 = 279.58 539.16 * 387.72 .36
(group B)

ECMAP, Evoked compound muscle action potentials; EMG,
electromyography.

There were no serious adverse events. Drug-
related adverse events were mild and transitory,
and included minimal bleeding at the injection sites
immediately after administration in 17.2% (5 of 29)
and 13.7% (4 of 29) of the patients in group A and B,
respectively.

DISCUSSION

This study evaluated the field effect for two
commercial preparations of BoNTA (ABO and
ONA) at two dose equivalences, 2.0:1.0 U and
2.5:1.0 U, administered on contralateral sides of the
forehead. The field of muscular effect (FME) of the
tested products was evaluated using the validated
4-point WSS® and ECMAP’ by EMG. The FAE of the
tested products was evaluated by measurement of

Diameter at 28 d, cm  1.05 = 036 1.06 = 0.22 .83
Area at 28 d, cm? 146 = 065 1.39 = 043 .50
Diameter at 112d, cm 0.87 = 033 0.78 = 0.25 .18
Area at 112 d, cm? 096 * 0.61 079 * 043 .08

the anhidrotic areas surrounding the injection points
under Minor test, according to their shape, horizontal
diameter, and area (Figs 1 to 4). These were later
analyzed using the Mirror system (Canfield Scientific
Ino).

Evaluations of WSS score and ECMAP values
showed no differences in the FME in the two study
groups, except in group B at day 112 at maximum
frontalis muscle activity, which favored ABO.
According to the independent expert panel, a signif-
icant difference in WSS scores was demonstrated in
group B at days 28 and 112, also favoring ABO.

Patients included in group A showed similar
results regarding the diameter and FAE for both
ABO and ONA. Group B showed a greater diameter
and FAE for ABO when compared with ONA.
Although the difference between days 28 and 112
in average diameter for both products was only 0.16
cm in group B, the SD between patients was 3 times
greater (ranging from 0.26-0.31 c¢m), meaning that
standard isovolumetric injections of the same dose
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Fig 1. Area of anhidrotic effect 28 days after injections of 2
U of onabotulinumtoxinA on left side of forehead, and 4 U
of abotulinumtoxinA on right side of forehead.

Fig 2. Area of anhidrotic effect 112 days after injections of
2 U of onabotulinumtoxinA on left side of forehead, and 4
U of abotulinumtoxinA on right side of forehead.

Fig 3. Area of anhidrotic effect 28 days after injections of 2
U of onabotulinumtoxinA on left side of forehead, and 5 U
of abotulinumtoxinA on right side of forehead.

administered to different individuals produced sig-
nificantly different sizes of FAE. This suggests that
variability between patients may play a more impor-
tant role in impacting the size of the FAE than the
products or doses tested in this study.

Hexsel et al'' studied the FAE of ABO on com-
pensatory hyperhidrosis, showing that small doses of
5 U of ABO significantly reduced sweating around
injection points. ABO produces similar FAE, even
when reconstituted in 3 times more volume. These
findings suggested that the type of skin, location, and
amount of previous sweating may play a more
important role in the size of the FAE versus depth
and concentration of the product.''

Cliff et al'* found that the area of anhidrosis was
greater for ABO when compared with ONA by a
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Fig 4. Area of anhidrotic effect 112 days after injections of
2 U of onabotulinumtoxinA on left side of forehead, and 5
U of abotulinumtoxinA on right side of forehead.

Table IV. Horizontal diameters and areas of field of
anhidrotic effect at 28 and 112 days at dose
equivalence of 2.5:1.0 ABO:ONA (group B)

ABO ONA P

Diameter at 28 d, cm  1.28 = 0.26 1.12 = 031 <.001
Area at 28 d, cm? 1.88 = 0.56 1.45 * 0.57 <.001
Diameter at 112 d, cm 1.12 = 0.26 0.96 + 0.29 .003
Area at 112 d, cm? 1.30 = 047 0.98 *+ 045 <.001

mean of 77%, when a dose equivalence of 3:1 was
used. Other articles indicated higher “diffusion” of
ABO'*! when using a higher dose equivalence of
3:1. Karsai et al'>'° suggested that this is simply a
dose effect as opposed to the claim that one product
“diffuses” more than the other. The current study
also supports the assertion that higher doses of
BoONTA are relevant in producing a greater FAE and
FME.

Other authors refer to the FAE and FME as “dif-
fusion,” “spread,” and “migration” of BONTA.'>!'72!
Some of these terms are misleading and incorrectly
used, as described by Pickett.”* “Spread” is the
physical movement caused by the injection of the
toxin and “diffusion” is the passive movement of the
product away from the injection site, taking several
days to fully conclude.** de Almeida and De Boulle'®
discussed preclinical and clinical data in an effort to
differentiate BONTA preparations with respect to
their diffusion characteristics. Pickett et al** subse-
quently reported important points about the mech-
anism of action and effect of BONTA, including the
lack of role the neurotoxin-complex size has regard-
ing the diffusion of BoNTA, and the comparison of
inaccurate dose equivalences of different prepara-
tions leading to unsound conclusions regarding the
diffusion characteristics of a product.

The effects of BONTA in adjacent muscles have
also been studied.***° Carli et al** showed no
significant difference among ABO, ONA, and
incobotulinumtoxinA injections in the FME of
BoNTA in adjacent muscles. The effects of BONTA

EEINTs
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in adjacent muscles depend on clinical, temporal,
and EMG factors® and on physical aspects such as
injection technique and muscle targeting. However,
the clinical expression of BoNTA field effect is
diverse and their mechanism remains unknown.”°

The primary reason for the difference between the
products’ potency is the assay method used during
manufacturing. The assay method used to test ABO is
more sensitive than the assay used for ONA, resulting
in different potencies per unit in both formula-
tions.'*'>#” Hambleton and Pickett*” measured dif-
ferent samples of ABO and ONA using the two
different assay methods used by the companies at
that time. Their results showed that there was an
approximate 3:1 ratio; that is, 1 U of ONA was
equivalent to approximately 3 U of ABO. This was
the origin of comparative ratios of the products,
which still persists today.

Based on clinical evidence, other authors suggest
that the equivalence between ABO and ONA is
around 2.5:1.0 U or even 2.0:1:0 U.”**3" In a previ-
ous pilot study, the current authors found similar
results for ABO and ONA in muscles and sweat
glands in a small sample of 18 patients using the dose
equivalence of 2.5:1.0 U.*" In that study, only the
differences in diameters of FME and FAE over 3 mm
were considered clinically relevant.’’ Recently,
Karsai and Raulin®”* have carried out a systematic
review in the literature and found that dose equiv-
alences less than 3:1 (2.5:1.0 U or even 2.0:1.0 U) for
ABO and ONA should be used.

Heckmann et al* studied the effects of different
doses of ABO on axillary sweat glands. They found
an efficacious dose of 100 U of ABO per axilla
whereas the majority of studies suggested 50 U of
ONA per axilla to treat the same condition. The
current study, therefore, also supports a dose equiv-
alence of 2.0:1:0 U between the two products.

CONCLUSION

This study evaluated the field effect of BONTA on
muscles and sweat glands in a number of patients
appropriately powered to determine differences, if
they existed.

The tested products, ABO and ONA, at the dosing
ratios of 2.0:1.0 U showed similar field effects in both
muscles and sweat glands. However, injections using
the dose ratios of 2.5:1.0 U showed greater diameter
and area of the FAE for ABO when compared with
ONA. Both doses and dose equivalences tested in
this study were effective and safe, and clinically very
similar.

We would like to thank Axel Magis for his contributions
to the study design. We also thank Benjamin Zakine, Andy
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Pickett, David Caird, Farah Dunlop, Jean-Loic Robin,
Thomas-Paul Descamps, Hugues Berard, and Diane B.
Nelson for their review of this article.
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