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ABSTRACT

Aesthetic dermatologic applications of botulinum neurotoxin (BoNT), including treatment of glabellar lines, horizontal forehead lines,
and crow's feet, were the most common non-surgical cosmetic procedures in the US in 2017, with high levels of subject satisfaction.
Since the first BoNT type A (BoNT-A) formulation was approved in 1989, the number of formulations available on the world’s com-
mercial markets has increased and new approvals are expected. BoNT is produced by Clostridium botulinum in nature as part of a
large protein complex. However, the unnecessary clostridial proteins, which dissociate from BoNT under physiological conditions with
a half-life of <1 minute, have no role in clinical applications. Data demonstrate that BoNT administration can elicit an immunological
response, leading to production of neutralizing antibodies that can be associated with reduced efficacy or treatment non-response. As
repeat treatments are required to maintain efficacy, clinicians should be aware of the possibility of antibody development and choose
a BoNT with the lowest risk of immunogenicity. IncobotulinumtoxinA is manufactured using advanced technology to precisely isolate
the pure BoNT without unnecessary clostridial proteins, and with low immunogenicity and high specific activity. In incobotulinumtoxinA
clinical studies, no previously BoNT-naive subjects developed neutralizing antibodies, and there was no secondary non-response to
incobotulinumtoxinA treatment. Here we review the role of unnecessary clostridial proteins in BoNT-A and discuss the unique incobotu-

linumtoxinA manufacturing and purification process with a focus on the implications for use in aesthetic medicine.
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INTRODUCTION

ince the first botulinum neurotoxin (BoNT) formulation

was approved by the US Food and Drug Administration

(FDA) in 1989,"2 the number of approved indications,
and BoNT products commercially available worldwide, has in-
creased. Aesthetic dermatologic applications of BONT were the
most common non-surgical cosmetic procedures in the US in
201724 and have high levels of patient satisfaction.®

The three most widely used and commercially available BoNT
typeA(BoNT-A)formulationsare:abobotulinumtoxinA(Dysport®/
Azzalure®, Ipsen Biopharm),®® incobotulinumtoxinA (Xeomin®
Bocouture®, Merz Pharmaceuticals GmbH),*" and onabotu-
linumtoxinA (Botox®Vistabel®, Allergan Inc.)"'%'® (approved
indications differ by product and country, see individual product
listings).2 Several new BoNT-A formulations have recently been
introduced in different countries,'*' however, incobotulinum-
toxinA currently remains the only BoNT formulation approved
in commercial markets worldwide that was intentionally de-
signed to contain only the required therapeutic component, the
pure BoNT, free from unnecessary clostridial proteins.™ Here
we discuss the role of these unnecessary proteins in BoNT-A,

and the unique manufacturing and purification process for in-
cobotulinumtoxinA, with a focus on the implications for use in
aesthetic medicine.

Role of Unnecessary Clostridial Proteins

All BoNT-A products discussed here contain BoNT-A from a C.
botulinum Hall strain,? which is produced in nature (its native
form) as part of a larger multimeric complex with accessory
proteins.'®"Three BoNT-A complexes are formed, comprised of
BoNT-A and a non-toxic non-hemagglutinin (NTNHA) protein
in the smaller 300 kDa M complex, with the addition of sev-
eral hemagglutinin (HA) proteins in the larger 500 kDa L and
900 kDa LL complexes.’®” IncobotulinumtoxinA contains only
the 150 kDa BoNT-A active therapeutic component purified
from the therapeutically unnecessary clostridial proteins.” In
contrast, abobotulinumtoxinA, onabotulinumtoxinA, and, the
newer addition, prabotulinumtoxinA (Nabota®, Daewong Ther-
apeutics, Korea/Evolus®, Evolus Inc., Europe, USA/Nuceiva®,
Evolus Inc., Canada) all contain the HA and NTNHA proteins
complexed with the 150 kDa BoNT.24'92° |nvestigational drug
candidate daxibotulinumtoxinA (RT002, Revance Therapeutics
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Inc.) is composed of the 150 kDa BoNT-A with a peptide excipi-
ent, RTP-004, derived from the human immunodeficiency virus
type 1 (HIV-1) transactivator of transcription (TAT) protein.?!

In naturally occurring BoNT, the NTNHA protein directly binds
to BoNT, protecting it from low pH and proteolytic cleavage in
the gastrointestinal tract,?? while HA proteins help to transport
the BoNT into the bloodstream through interactions with intes-
tinal epithelial cells.?*?% By protecting the BoNT from digestive
destruction, the complexing proteins increase the toxicity of
native BoNT compared with the purified BoNT when ingested
via oral route.?®

Contrary to their role as mediator for the oral toxicity of natural-
ly occurring BoNT, complexing proteins have no role in clinical
applications."? Stability of the commercial BoNT complex (300,
500, 900 kDa) is pH dependent and dissociates from the active
150 kDa BoNT with a half-life of <1 minute under physiologi-
cal conditions.” Further, reconstitution of complex-containing
products with saline (as recommended for all BONT products)
results in dissociation even under acidic conditions, such that
>85% of onabotulinumtoxinA and all detectable BoNT in abob-
otulinumtoxinA is in the free, uncomplexed 150 kDa form prior
to injection," further suggesting unnecessary clostridial pro-
teins have no role in stabilizing or otherwise contributing to
clinical effect in BoNT in target tissues.

Furthermore, unnecessary clostridial proteins also do not ap-
pear to contribute to the stability of BoNT in the commercially
manufactured vial. IncobotulinumtoxinA remained stable, with
no effects on the content (neurotoxin or excipients) orthe bio-
logical activity of the BoNT, when stored unreconstituted with
refrigeration or at ambient temperatures for <48 months, and
under elevated temperatures <60°C (140°F) for one month.28 Ef-
ficacy was also retained when incobotulinumtoxinA was stored
at 25°C (77°F) for one week post-reconstitution.?®

IncobotulinumtoxinA is the only currently approved BoNT-A
formulation that can be stored unreconstituted at ambient tem-
peratures, which may be a benefit in everyday clinical practice.
Because incobotulinumtoxinA does not require cold-chain stor-
age, this can be advantageous during the summer months, in
temperate countries, in practices with limited space, or in out-
patient clinics where refrigeration may be problematic. Besides
the practical and clinical implications, it should be taken into
consideration that greenhouse gas emissions due to secondary
shipping and handling of non-temperature-controlled versus
temperature-controlled BoNT reduces our carbon footprint.®

Immunogenicity

Although unnecessary clostridial proteins play no role in
clinical applications when injected,"?” or in stabilizing the mol-
ecule,”® they may act as adjuvants, stimulating an immune
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response, thus potentially altering the response to BoNT ther-
apy.? Two types of antibodies may be produced in response to
injected BoNT; neutralizing antibodies against BoNT itself have
been reported® and can lead to reduced efficacy or treatment
non-response, even at the low doses indicated for aesthetic ap-
plications.?'*? The non-neutralizing antibodies directed against
the unnecessary clostridial proteins do not affect the biological
activity of the neurotoxin, but the unecessary clostridial proteins
may act as adjuvants.’****Two pre-clinical studies suggest an
adjuvant role for unnecessary proteins, increasing the antige-
nicity of injected BoNT.**** Unnecessary clostridial proteins, but
not pure BoNT-A, stimulated an immune response by modu-
lating the inflammatory response.®?¢ However, results should
be interpreted with caution as these studies included formal-
dehyde-fixed proteins, non-comparable dosing, and shorter
injection intervals than those used in clinical practice.

Although the extent of non-response in aesthetics is unknown,
reports of neutralizing antibody development are increasing.’*%"
Individuals are increasingly initiating aesthetic treatment earli-
er in life.* As BoNT treatment effects are temporary, and repeat
injections are required to maintain efficacy,* clinicians should
consider both the temporal extent of exposure? and BoNT pro-
tein load to reduce the risk of neutralizing antibody formation
and treatment non-response.® Previous exposure for use in
aesthetics may lead to non-response if BONT-A were required
for essential therapeutic treatment (eg, of post-stroke spastic-
ity) later in life.

In contrast to abobotulinumtoxinA and onabotulinumtoxinA,
repeated -incobotulinumtoxinA treatment in rabbits did not
result in'the formation of neutralizing antibodies, suggesting
immunogenicity is lower with incobotulinumtoxinA.*® Consis-
tent with this, incobotulinumtoxinA is the only formulation with
no subjects in clinical studies who have developed neutraliz-
ing antibodies and demonstrated a secondary lack of treatment
response in the PI/SmPC product characteristics.”®™® A recent
analysis of the US FDA adverse event (AE) reporting system
database found the incidence of AEs involving decreased
therapeutic effect was 2.2% (15/689) for incobotulinumtoxinA;
9.2% (79/858) for abobotulinumtoxinA; and 11.6% (1247/10,733)
for onabotulinumtoxinA. Reduced efficacy was more frequent
among subjects on >1 year of treatment vs <1 year for both
abobotulinumtoxinA (11.9% [36/302] vs 4.3% [11/257]) and ona-
botulinumtoxinA (19.6% [504/2577] vs 10.1% [539/5350]), but
not incobotulinumtoxinA (0.0% [0/10] vs 4.5% [13/291] cases).*®

IncobotulinumtoxinA:Advanced Manufacturing and Purification
IncobotulinumtoxinA is purified and precisely manufactured in
a world-class German facility using advanced technology un-
der Good Manufacturing Practice. The unnecessary clostridial
proteins are removed in a refined process using step-wise chro-
matography to precisely isolate the therapeutic component
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(Figure 1), followed by the addition of excipients (sucrose and
human serum albumin) and lyophilization.? Stringent quality
checks include visual inspection, vial weight checks, leak de-
tection after 7-day hold, and ultraviolet light datametrics code
application to confirm toxin identity.

The unique and precise purification process of incobotulinum-
toxinA ensures that only the active 150 kDa neurotoxin, needed
to achieve the clinical effect, is included.” IncobotulinumtoxinA
contains no nucleic acid content, compared with onabotu-
linumtoxinA, which contains DNA fragments of the neurotoxin
gene.*’ OnabotulinumtoxinA has a molecular weight of 900 kDa
including unnecessary clostridial proteins and BoNT-A.? The
exact molecular weight of the BoNT complex in abobotulinum-
toxinA is unknown, but is accepted to be up to 900 kDa, with the
300 kDa protein complex as the most abundant.?

The specific activity of abobotulinumtoxinA, incobotulinum-
toxinA, and onabotulinumtoxinA is reported as 154 U/ng, 227
U/ng, and 137 U/ng, respectively, based on the mean BoNT con-
centration in 100 U (0.65 ng, 0.44 ng, and 0.73 ng of the 150 kDa
BoNT, respectively; Figure 2).#' The high specific activity of inco-
botulinumtoxinA is consistent with no inactivation of the BoNT
during purification.*’ In comparison, as onabotulinumtoxinA is
reported to contain 0.73 ng of neurotoxin protein, the low spe-
cific activity of onabotulinumtoxinA suggests that a proportion
of BoNT protein is inactive.*!

OnabotulinumtoxinA is manufactured by several precipita-
tion and redissolution steps prior to the addition of excipients
(sodium chloride [NaCl] and human serum albumin), and-vacu-
um-dried,? resulting in a thin film of the product. An early study
demonstrates that NaCl concentration may affect BoNT stabil-
ity during freeze-drying, resulting in BoNT denaturation.*? This
may explain the lower specific activity of onabotulinumtoxinA
compared with abobotulinumtoxinA and incobotulinumtox-
inA.4" Denatured BoNT may increase the risk of an immune
response, subsequent development of neutralizing antibodies,
and potential secondary non-response to further treatment.?4

Implications for Use in Aesthetic Medicine

The clinical and real-world efficacy of incobotulinumtoxinA is
established in >200 peer-reviewed publications.*# Incobotu-
linumtoxinA is proven to effectively reduce upper facial lines for
up to 4 months post-treatment,*9 with a high level of subject
satisfaction*”#® and no treatment-related serious AEs in a Phase
Il trial leading to upper facial lines approval in Europe.*” The
safety profile of incobotulinumtoxinA was further confirmed in
a pooled analysis of 13 prospective multicenter studies in aes-
thetic indications of crow’s feet, glabellar lines, and upper facial
lines. Overall, the frequency of treatment-related AEs was low
and analysis of repeat-dose studies suggested the incidence of
AEs may decrease with repeated treatments over time.%°
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In incobotulinumtoxinA clinical studies, no previously BoNT-
naive subject developed neutralizing antibodies®®® or dem-
onstrated secondary lack of treatment response,*®5? even with
doses up to 800 U in the treatment of upper-limb spasticity,*
consistent with the low immunogenicity of incobotulinum-
toxinA. In the published literature, all subjects who developed
neutralizing antibodies and secondary non-response after in-
cobotulinumtoxinA treatment had received treatment with
another BoNT formulation.®® IncobotulinumtoxinA may be
the best choice for patients seeking long-term treatment with
BoNT due to the lower risk of neutralizing antibodies, such as
treatment-naive patients. Moreover, in some cases, the low
immunogenicity of incobotulinumtoxinA may offer a renewed
therapeutic effect in subjects with antibody-induced BoNT-A
treatment non-response.5’58

FIGURE 1. Protein content of incobotulinumtoxinA. (A) Representative
SDS-polyacrylamide gel electrophoresis of the active pharmaceutical
ingredient of incobotulinumtoxinA showing the heavy chain (Hc,
~100kDa) and the light chain chain (Lc, ~50kDa). Inthe native form of the
neurotoxin Hc and Lc are linked by a disulfide bond, which is cleaved
in this analysis. (B) Representative size exclusion chromatography
of the active pharmaceutical ingredient of incobotulinumtoxinA. The
neurotoxin is eluted in a volume corresponding to a molecular weight
of ~ 150kDa.

(A) (B)

100 kDa wwwe Hc

50 kDa Lc

New Entrants to the BoONT Commercial Market

The number of BoNT-A products available on the commercial
markets worldwide continues to increase and two new entrants
currently under review are planning to file FDA Biologics Li-
cense Applications. PrabotulinumtoxinA is a similar version of
onabotulinumtoxinA in terms of pharmacological development
and manufacturing compared with currently approved for-
mulations.”™ The specific potency of prabotulinumtoxinA was
recorded as 133 U/ng compared with 240 U/ng for incobotu-
linumtoxinA, with a high percentage of inactive neurotoxin,™
consistent with inactivation of the BoNT due to the presence
of NaCl during drying,*? and the manufacturing process of ona-
botulinumtoxinA discussed above.

DaxibotulinumtoxinA is a new BoNT-A formulation current-
ly in clinical development for aesthetic (glabellar lines) and
therapeutic (cervical dystonia and plantar fasciitis) indica-
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FIGURE 2. Specific potency and clostridial protein content of BoNT formulations.
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"Unique manufacturing technology of incobotulinumtoxinA isolates the therapeutic component and has allowed for the highest specific BONT-A potency: 100 U/ 0.44 ng = 227 U/ng.
*Lower neurotoxin protein in incobotulinumtoxinA than previously reported may be due to higher sensitivity in the ELISA assay used for analysis.
Abbreviations: BoNT-A, botulinum neurotoxin type A; ELISA, enzyme-linked immunosorbent assay; ng, nanograms; pg, picograms; U, units

tions.®® DaxibotulinumtoxinA contains the purified 150 kDa
BoNT-A without unnecessary clostridial proteins or human
albumin in a lyophilized powder, and is stable at room tem-
perature,® like incobotulinumtoxinA.?2 DaxibotulinumtoxinA
includes an excipient peptide, RTP-004, consisting of the pro-
tein transduction domain sequence from the HIV-1TAT protein
at each end, separated by a peptide consisting of 35 positively
charged lysine residues. The lysine residues form a core that
is claimed to noncovalently bind the BoNT.?' The protein was
previously believed to be useful as a carrier for a transdermal
BoNT formulation (RT001)* and is now postulated to play a
role in increased duration of efficacy compared with onabotu-
linumtoxinA.%® The greater efficacy and duration of response
with daxibotulinumtoxinA 40 U vs onabotulinumtoxinA 20
U (median, 23.6 vs 18.8 weeks) is likely due to a doubling of
the dose administered rather than the excipient peptide, as
no consistent significant difference in efficacy or duration of
response was noted between daxibotulinumtoxinA 20 U vs
onabotulinumtoxinA 20 U, and a similar duration of response
was recently reported for onabotulinumtoxinA 40 U (median,
24.0 weeks).5' A strong dose-response has also been observed
in a recently conducted randomized, double-blind study with
incobotulinumtoxinA 20-100 U, with duration of treatment ef-
fect up to 9 months in some subjects and no unexpected safety
findings.®?The long-term consequences of the addition of poly-
lysine structures to BoNT are not known.

CONCLUSIONS

BoNT-A treatment has been available for several decades and
is among the most common non-surgical cosmetic procedures
worldwide, with good efficacy and safety profiles, and high

levels of patient satisfaction. Because patients are seeking aes-
thetic treatments atincreasingly younger ages, both neurotoxin
protein load and protein load over time can increase the risk of
diminished efficacy or treatment non-response due to neutraliz-
ing antibodies over a young individual’s lifetime. This may also
impact essential treatment for therapeutic indications later in
life. Clinicians should therefore consider the least immunogenic
BoNT-A formulation to meet individual treatment requirements,
thus minimizing potential for lack of efficacy due to neutralizing
antibodies for future treatment options. IncobotulinumtoxinA
currently remains the only BoNT formulation approved in com-
mercial markets worldwide that was intentionally designed to
contain only the required therapeutic BONT component. The
unique and precise purification of incobotulinumtoxinA rep-
resents innovative advances in BONT manufacturing. The data
reviewed here suggest incobotulinumtoxinA offers an advan-
tage over other BoNT-A formulations, due to its lower potential
to provoke an immune response when used clinically.
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