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Abstract
Botulinum toxin type A (BoNTA) products are widely used for therapeutic and aesthetic indications, but there is a need 
for longer-lasting treatments that maintain symptom relief between injections and reduce the frequency of re-treatment.  
DaxibotulinumtoxinA for Injection (DAXI) is a novel BoNTA product containing highly purified 150-kDa core neurotoxin 
and is the first to be formulated with a proprietary stabilizing excipient peptide (RTP004) instead of human serum albumin. 
The positively charged RTP004 has been shown to enhance binding of the neurotoxin to neuronal surfaces, which may 
enhance the likelihood of neurotoxin internalization. DAXI produces robust, extended efficacy across both aesthetic and 
therapeutic indications. In an extensive glabellar lines clinical program, DAXI showed a high degree of efficacy, a consist-
ent median time to loss of none or mild glabellar line severity of 24 weeks, and median time until return to baseline of up to 
28 weeks. In adults with cervical dystonia, DAXI at 125 U and 250 U significantly improved Toronto Western Spasmodic 
Torticollis Rating Scale (TWSTRS) total scores, with a median duration of efficacy of 24 and 20 weeks, respectively, which 
compares favorably with the 12–14 weeks’ duration reported for approved BoNTA products. Overall, DAXI was well toler-
ated, and the consistent extended duration of effect suggests that DAXI has the potential to improve the management of both 
aesthetic and therapeutic conditions.

Plain Language Summary
Botulinum toxin is used to block the nerve signals that cause muscles to contract. Products containing botulinum toxin are 
commonly given by injection to treat muscle spasms (such as cervical dystonia, a painful condition where the neck muscles 
contract involuntarily) and for cosmetic treatment of frown lines. However, the effects of the currently approved botulinum 
toxin products typically wear off about 3–4 months after injection and so the injections must be repeated regularly. A new 
product called DAXI (DaxibotulinumtoxinA for Injection) has been developed. In this product, the botulinum toxin is for-
mulated with a unique protein (called RTP004) that has been designed to help deliver the botulinum toxin to the nerve cells. 
Research suggests that the RTP004 protein in DAXI adheres the botulinum toxin to the nerves close to the injection site, 
potentially making its effect last longer. To date, DAXI has been studied in over 3800 patients. The studies have shown that 
DAXI is effective for treating neck spasms (cervical dystonia) and for reducing the appearance of frown lines. Importantly, 
the effects of DAXI lasted up to 6 months, which is longer than seen with other botulinum toxin products. The side effects 
seen with DAXI are consistent in nature and frequency with those seen with other botulinum toxin products. These findings 
suggest that DAXI can improve both medical and cosmetic treatments due to its longer-lasting effect.
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1 Introduction

Over the past several decades, a large volume of clinical data 
has demonstrated the efficacy and safety of botulinum toxin 
type A (BoNTA) products for treating medical conditions, 
such as cervical dystonia, upper limb spasticity, chronic 
migraine headaches, overactive bladder, and blepharospasm, 
as well as aesthetic concerns, such as facial lines [1–3]. 
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Key Points 

Longer-lasting botulinum toxin type A (BoNTA) prod-
ucts are needed for therapeutic and aesthetic indications 
to maintain stable clinical effects between injections and 
potentially reduce the frequency of re-treatment.

DaxibotulinumtoxinA for Injection (DAXI) is a novel 
BoNTA utilizing a proprietary stabilizing excipient pep-
tide (RTP004) in place of human serum albumin.

DAXI has consistently demonstrated a median effect 
duration of 24 weeks in the treatment of cervical dys-
tonia and glabellar lines, suggesting that DAXI has the 
potential to improve the management of both aesthetic 
and therapeutic conditions.

Despite the widespread use of BoNTAs for therapeutic and 
aesthetic indications, a limitation of all currently available 
BoNTA products is their duration of effect. Most BoNTAs 
currently approved in the USA have a recommended re-treat-
ment interval of 12–16 weeks (3–4 months) [4–7]. In cer-
vical dystonia, however, patients have reported declines in 
symptom relief after a mean of 9.5 weeks [8], re-emergence 
of cervical dystonia symptoms between injections [9, 10], 
and low satisfaction with BoNTA treatment prior to reinjec-
tion [8], with many saying they would like a longer-lasting 
BoNTA treatment and more stable symptom relief [9, 10]. 
Product labelling prohibits re-treatment intervals shorter 
than 12 weeks [4, 5, 7] and health insurance will typically 
not reimburse for more frequent treatments. As a result, 
patients may face a period of inadequate symptom relief.

Similar evidence suggests that patients treated for glabel-
lar lines desire longer-lasting effects. The reported duration 
of effect on glabellar lines for currently approved BoNTA 
products is approximately 3–4 months [5–7], such that 
patients require 3 or 4 treatments annually to maintain the 
clinical benefit. In 2018, an online survey found that 88% 
of respondents (among 1004 women aged 25–70 years who 
had used a neuromodulator in the last 5 years) indicated a 
BoNTA product offering long-lasting aesthetic results was 
absolutely essential or very important when considering a 
neuromodulator [11]. Further, while reimbursement deci-
sions do not drive re-treatment timing in aesthetic indica-
tions, patients often limit themselves to twice yearly treat-
ments [11], resulting in periods of suboptimal correction.

To date, none of the currently available BoNTA prod-
ucts has consistently demonstrated a clinically distinct peak 
efficacy (response rate), duration of therapeutic benefit, or 
safety profile. DaxibotulinumtoxinA for Injection (DAXI; 
Revance Therapeutics, Inc., Newark, CA) is a novel BoNTA 
product, containing purified 150-kDa core neurotoxin and a 

proprietary excipient peptide, and is in clinical development 
for multiple therapeutic (cervical dystonia and upper limb 
spasticity) [12–14] and aesthetic indications (upper facial 
lines including glabellar lines, forehead lines, and lateral 
canthal lines) [15–17]. The formulation of DAXI and the 
clinical data from the extensive development program estab-
lish its role as a novel BoNTA with potential to improve 
upon the efficacy and safety of currently approved BoNTAs. 
This article describes the unique product characteristics and 
manufacturing of DAXI and summarizes the currently avail-
able DAXI clinical data.

2  Background on DAXI

2.1  Product Characteristics

The neurotoxin in DAXI and all other BoNTA products is 
derived from the Hall strain of Clostridium botulinum [18]; 
however, DAXI is the only BoNTA product that is wholly 
manufactured and formulated in the USA. The formulation 
consists of highly purified daxibotulinumtoxinA (RTT150, 
a 150-kDa BoNTA), a stabilizing peptide that binds the 
neurotoxin with high avidity, and other excipients, includ-
ing polysorbate-20 (a surfactant), buffers, and a sugar [15]. 
Whereas all other BoNT products rely on human serum 
albumin (HSA) as an excipient to limit the aggregation of 
BoNT molecules and their adsorption to glass surfaces [19], 
the unique formulation of DAXI, combining the novel, pro-
prietary stabilizing excipient peptide (RTP004) along with 
polysorbate-20, allows for an HSA-free product [20] (sum-
marized in Table 1).

RTP004 is a 35-amino acid peptide that is highly posi-
tively charged at physiologic pH and forms a strong electro-
static bond with daxibotulinumtoxinA. RTP004 is wholly 
synthetic and is constructed with two distinct domains: a 
core domain of 15 consecutive lysines that is flanked at each 
terminus by a 10-amino acid protein transduction domain 
(PTD). The cationic, arginine-rich PTD in RTP004 was 
originally identified as a region between residues 48–60 of 
the 86-amino acid transcriptional activator (TAT) coded for 
by HIV-1, a sequence that permitted transduction of pro-
teins across cell membranes [21]. TAT-PTD complexes are 
thought to enter cells by endocytosis [22] and are in devel-
opment for the intracellular delivery of therapeutic proteins 
for conditions such as central nervous system disorders, 
eye diseases, diabetes, and several types of cancer [23–26]. 
The RTP004 structure, with a PTD at each terminus, makes 
DAXI unlike other PTD-containing products in development 
that typically comprise a single PTD conjugated to the pro-
tein of interest.

The strong net positive charge of RTP004 drives electro-
static binding to negatively charged extracellular structures, 
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such as neuronal surfaces and extracellular matrix proteins. 
Specifically, in vitro surface plasmon resonance, a sensor 
of biomolecular interactions used to measure the kinetics 
of binding/dissociation, has demonstrated that RTP004 
increases binding of DAXI to a lipid membrane prepara-
tion [11]. Similarly, results from an in vitro binding study 
with synaptosomes indicate that RTP004 increased maxi-
mal percentage binding of BoNTA heavy chain to rat brain 
nerve terminals [27]. Enhanced binding to nerve terminals 
and extracellular matrix elements may facilitate the localiza-
tion of BoNTA and reduce diffusion from the injection site 
[28], a finding that was observed in a study of DAXI and 
onabotulinumtoxinA in mice [18]. In that study, a DAXI 
dose of 2.5 times that of the onabotulinumtoxinA dose was 
required to see comparable diffusion. When comparing dif-
fusion-matched doses of the two BoNTA products, it was 
observed that DAXI had an extended duration of drug effect 
(100–126% increase) versus onabotulinumtoxinA [18]. The 
strong positive charge on the peptide has been demon-
strated to drive an association between the peptide and the 

neurotoxin, and between the peptide-toxin complex and the 
negatively charged presynaptic nerve terminal. The stronger 
binding to the nerve terminal will increase the duration of 
the anchoring of BoNTA at the presynaptic terminal in com-
parison with a neurotoxin formulation without peptide. We 
hypothesize that this prolonged binding will increase the 
likelihood of DAXI encountering its protein receptor, SV2 
(synaptic vesicle glycoprotein 2), over time and thereby 
increase the number of BoNT molecules internalized in 
comparison with “non-sticky” BoNTs that may be washed 
away shortly after injection (Fig. 1). Pharmacologically, 
a greater amount of available botulinum toxin light chain 
inside the neuron will correlate with the longer duration of 
effect observed clinically with DAXI and discussed below.

Cationic amino acids (arginine and lysine), such as those 
in the PTD of RTP004, protect against thermally induced 
aggregation of protein therapeutics. At physiological pH, the 
highly positively charged RTP004 peptide forms a noncova-
lent electrostatic interaction with anionic surfaces of the core 
150-kDa neurotoxin [29]. These electrostatic interactions 

Table 1  Botulinum toxin type A products for aesthetic indications in the USA: summary of product characteristics

HSA human serum albumin, NA not applicable, PS20 polysorbate-20

DaxibotulinumtoxinA OnabotulinumtoxinA 
[4, 6]

AbobotulinumtoxinA 
[5]

IncobotulinumtoxinA 
[7]

PrabotulinumtoxinA 
[36]

Molecular weight (kDa) 150 900 ~400 150 900
Contains accessory 

proteins
No Yes Yes No Yes

Contains HSA No Yes; 500 µg Yes; 125 µg Yes; 1 mg Yes
Excipients PS20, sugar, buffer, 

excipient peptide 
(RTP004)

Sodium chloride, 
HSA

Lactose, HSA Sucrose, HSA Sodium chloride, HSA

Stabilization Lyophilization Vacuum drying Lyophilization Lyophilization Vacuum drying
Solubilization Normal saline Normal saline Normal saline Normal saline Normal saline
Shelf-life once reconsti-

tuted (h)
72 36 24 36 24

Can be stored at room 
temperature unrecon-
stituted

Yes No No Yes No

Purification method Chromatography Crystallization Chromatography NA NA
100% sourced and 

manufactured in USA
Yes No No No No

Glabellar line dose (U) 40 20 50 20 20
Mass of core neurotoxin 

in glabellar line dose 
(ng) [36, 53]

0.18 0.18 0.27 0.08 0.12

Glabellar line response 
rate (≥ 2-point 
improvement from 
baseline based on 
investigator and sub-
ject assessment) (%)

74 NA 52–60 48–60 67–71

Median duration of 
effect

24 weeks/6 months 3–4 months Up to 4 months Up to 3 months Only 1-month data 
reported
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with RTP004 likely shield the core neurotoxin from self-
aggregating, allowing DAXI to be formulated without the 
excipient HSA found in all other BoNT products [19]. In 
contrast, there is evidence to suggest that the presence of 
HSA slightly destabilizes DAXI with respect to thermally 
induced aggregation [20]. The DAXI formulation permits 
the product to be stable as a lyophilized product at room 
temperature for up to 3 years before reconstitution [11]. 
Once reconstituted with normal saline, DAXI is stable for 
at least 72 h at 2–8 °C, which is considerably longer than 
the 24–36 h reported for other BoNTA products (Table 1).

RTP004 prevents adsorption of DAXI to container sur-
faces during manufacturing and also prevents adsorption of 
the core neurotoxin to the vial (likely by blocking the neuro-
toxin from interacting with hydrophobic areas on container 
surfaces) [30]. Specifically, the addition of RTP004 or poly-
sorbate-20 alone reduces DAXI adsorption, but the combina-
tion of RTP004 and polysorbate-20 at levels present in DAXI 
achieve complete protection against surface adsorption [30].

2.2  Manufacturing

DAXI is manufactured using a complex process of fer-
mentation, purification, and formulation. After fermen-
tation, DAXI is purified via a tightly controlled process 
that includes three column chromatography steps: hydro-
phobic interaction chromatography, anion exchange 

chromatography, and cation exchange chromatography. This 
process removes bacterial impurities and non-toxin acces-
sory proteins and concentrates the final product, yielding the 
highly purified 150-kDa core neurotoxin. Following formu-
lation with the peptide and other excipients, the final drug 
product is dried by lyophilization, forming an even cake at 
the bottom of the vial.

3  DAXI Clinical Evidence

DAXI has been administered to 3824 subjects receiving 
treatment within 17 clinical studies for seven clinical indi-
cations (glabellar lines, forehead lines, lateral canthal lines, 
upper facial lines, cervical dystonia, upper limb spasticity, 
and plantar fasciitis). This section summarizes results from 
the two Phase 3 clinical programs: glabellar lines and cer-
vical dystonia. Of note, these two indications represent the 
earliest and largest applications of conventional BoNTAs.

3.1  Overview of DAXI Glabellar Lines Clinical 
Program

The glabellar lines clinical program included a Phase 1/2 
dose-escalation study [31], a Phase 2 dose-ranging study 
(which also compared DAXI to onabotulinumtoxinA 20 U 
[32]), and three Phase 3 studies (two pivotal trials [15, 33] 
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Fig. 1  Proposed mechanism of enhanced DAXI binding and inter-
nalization. In vitro data suggest that RTP004, the positively-charged 
stabilizing excipient peptide in the DAXI formulation, increases the 
affinity of the daxibotulinumtoxinA for neuronal membranes, which 

enhances localization of DAXI at the presynaptic terminal and may, 
therefore, facilitate increased internalization of the botulinum toxin 

molecule.  = DAXI/peptide complex
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and an open-label safety study [16, 34]; Table 2). A total 
of 3139 adults participated in this development program, 
with 2994 subjects receiving 4444 DAXI treatments (at any 
dose). The DAXI Phase 3 clinical program in glabellar lines 
was the largest to date in aesthetics. Overall, the results dem-
onstrate that DAXI is a well-tolerated treatment, offering 
a high degree of efficacy and up to 28 weeks’ duration to 
return to baseline following a single treatment across the 
Phase 2 and 3 studies [15, 16, 33, 34], as well as durable 
efficacy following repeated DAXI treatment [16]. A remark-
able degree of consistency in the response rates and duration 
profile was observed between studies and between treatment 
cycles in the repeat-dose, open label study.

3.1.1  Phase 1/2 Dose‑Escalation Study

The Phase 1/2 clinical study was designed to evaluate the 
safety of escalating doses of DAXI for the treatment of mod-
erate-to-severe glabellar lines [31]. In total, 48 subjects were 
randomized to four cohorts for escalating doses of DAXI. 
DAXI was well tolerated and highly effective based on rat-
ings taken at maximum frown at Week 4 and, overall, 60% 
of subjects had wrinkle severity of none or mild at 6 months 
[32]. This study indicated that DAXI may provide a ben-
efit of extended duration and lead to the continued clinical 
development of DAXI.

3.1.2  Phase 2 Dose‑Ranging Study

The randomized, double-blind, placebo-controlled, Phase 
2 ‘Belmont’ study was designed to evaluate DAXI for the 

treatment of glabellar lines compared to the approved dose 
of onabotulinumtoxinA (20 U) and placebo [32, 35]. A 
total of 268 adults with moderate or severe glabellar lines at 
maximum frown were enrolled and randomly assigned (with 
equal allocation) to DAXI 20 U, DAXI 40 U, DAXI 60 U, 
onabotulinumtoxinA 20 U, or placebo. All subjects received 
a single treatment and were followed for up to 24 weeks.

At Weeks 4 and 24, compared with placebo, all doses of 
DAXI resulted in a significantly greater proportion of sub-
jects achieving a ≥ 1-point improvement from baseline in 
glabellar line severity at maximum frown based on the four-
point Investigator Global Assessment-Frown Wrinkle Sever-
ity (IGA-FWS) scale (Week 4: 100% for all DAXI doses vs 
3% for placebo; Week 24: 18%, 36%, and 29% for DAXI 20 U,  
40 U, and 60 U, respectively, vs 3% for placebo; p < 0.05 
for all) [32, 35]. DAXI 40 U also demonstrated significantly 
greater efficacy compared with onabotulinumtoxinA 20 U; at 
Weeks 16 and 24, significantly greater proportions of subjects 
treated with DAXI 40 U achieved a rating of none or mild 
on the IGA-FWS score (Week 16: 66.7%; Week 24: 30.8%) 
versus subjects treated with onabotulinumtoxinA 20 U  
(Week 16: 31.7%; Week 24: 11.9%; p < 0.05 for both) [32]. 
Furthermore, the median duration of effect (time to loss of 
a ≥ 1-point improvement from baseline on IGA-FWS score) 
was significantly longer with DAXI 40 U than with onabotu-
linumtoxinA 20 U (p = 0.03) [32].

Safety and tolerability were similar across the DAXI 
doses and when compared with onabotulinumtoxinA 20 U 
[32, 35]. No serious adverse events (AEs) occurred. Most 
AEs were predominantly localized to the injection site, tran-
sient, and mild in severity. Eyelid ptosis occurred in four 

Table 2  Summary of the DAXI clinical program for the treatment of glabellar lines

DAXI DaxibotulinumtoxinA for Injection, OLS open-label study

Study design Sites Treatment Follow-
up period 
(weeks)

N

Phase 1/2 [31] Randomized, open-label, uncontrolled, dose-esca-
lation, single-center

1 in Mexico DAXI ~ 25 U
DAXI ~ 50 U
DAXI ~ 75 U
DAXI ~ 100U

36 48

Phase 2 (Belmont)
(NCT02303002) [32]

Randomized, double-blind, placebo-controlled, 
parallel-group, multicenter

9 in Canada DAXI 20 U
DAXI 40 U
DAXI 60 U
Onabotuli-

numtoxinA 
20 U

Placebo

24 286

Phase 3 (SAKURA 1)
(NCT03014622) [15, 33]

Randomized, double-blind, placebo-controlled, 
parallel-group, multicenter

15 in USA DAXI 40 U
Placebo

36 303

Phase 3 (SAKURA 2)
(NCT03014635) [15, 33]

Randomized, double-blind, placebo-controlled, 
parallel-group, multicenter

6 in Canada
9 in USA

DAXI 40 U
Placebo

36 306

Phase 3 (SAKURA 3/OLS)
(NCT03004248) [16, 34]

Open-label, multicenter 65 in USA and Canada DAXI 40 U 84 2691
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subjects treated with DAXI 60 U and one subject treated 
with onabotulinumtoxinA 20 U. Overall, the DAXI 40 U 
dose had the most favorable risk:benefit profile [32, 35] and 
was subsequently evaluated in the Phase 3 pivotal trials.

3.1.3  Phase 3 Pivotal Trials

Two identical randomized, double-blind, placebo-controlled, 
parallel-group, multicenter Phase 3 pivotal trials (SAKURA 1  
and SAKURA 2) were conducted to evaluate the efficacy 
and safety of DAXI 40 U [15, 33]. In total, 609 adults with 
moderate or severe glabellar lines at maximum frown were 
enrolled. All subjects received a single treatment and were 
followed for up to 36 weeks [15]. In both trials, the pro-
portion of subjects who achieved a ≥ 2-point improvement 
from baseline in glabellar line severity at maximum frown 
based on both the IGA-FWS and Patient Frown Wrinkle 
Severity (PFWS) score at Week 4 was significantly higher 
with DAXI than with placebo at 73.6% vs 0.0%, respec-
tively, in SAKURA 1 and 74.0% vs 1.0%, respectively, in 
SAKURA 2 (p < 0.0001 for both) [15]. The proportion of 
subjects achieving glabellar line severity of none or mild at  
Week 4 was 97.5% with DAXI in both trials compared with 
≤ 4.9% with placebo (p < 0.0001 for both). Median duration 
of effect (defined as time over which none or mild glabellar 
line severity score was maintained) was 24.0 weeks, and 
median time to return to baseline levels was 27.1 weeks [33].

The safety and tolerability profile of DAXI in the 
SAKURA trials was similar to that reported in the Phase 2 
study [15, 33]. Treatment-related AEs were primarily mild, 
with headache and injection site AEs (pain, erythema, and 
edema) being the most common treatment-related AEs. Eye-
lid ptosis occurred in 2.2% of DAXI-treated subjects; all 
cases resolved without sequelae. No subjects developed neu-
tralizing antibodies to DAXI, assessed using the validated 
mouse protection assay [15, 33].

3.1.4  Open‑Label Safety Study

SAKURA 3 was an open-label, multicenter Phase 3 trial that 
evaluated single and repeat treatments of DAXI 40 U for up to 
84 weeks [16, 34]. This study was an extension of the pivotal 
trials, including substantially more subjects (n = 2691) at 65 
clinical sites in the USA and Canada. Efficacy outcomes and 
duration of effect were consistent with those reported in the 
Phase 2 and Phase 3 pivotal trials. The proportion of subjects 
who achieved none or mild glabellar line severity at maximum 
frown over time based on IGA-FWS score was consistent across 
the Phase 3 studies and after repeated doses, and also showed 
consistency with the Phase 2 dose-ranging study (Fig. 2). 
Median duration of effect (time to loss of none or mild glabellar 
line severity at maximum frown based on both the IGA-FWS 
and PFWS scores) was 24 weeks, which was remarkably con-
sistent across the Phase 3 studies (Fig. 3), and median time to 
return to baseline severity on both scales was 28 weeks.

The safety and tolerability profile of DAXI in SAKURA 3  
was similar to that reported in the SAKURA 1 and  
SAKURA 2 trials with no new safety signals [34]. Head-
ache and injection site AEs (pain, erythema, and edema) 
were the most common treatment-related AEs. These gen-
erally resolved within 1–2 days and were mild in severity. 
The frequency of AEs tended to decrease over subsequent 
DAXI treatments. No serious AEs were considered related 
to DAXI treatment. Treatment-related eyelid ptosis occurred 
with 0.9% of DAXI treatments; most ptosis events (82.4%) 
were mild in severity, and the median time to resolution 
of eyelid ptosis was 43 days. These rates are comparable 
to rates reported in prescribing information for onabotuli-
numtoxinA (3%), abobotulinumtoxinA (2%), prabotulinum-
toxinA (2%), and incobotulinumtoxinA (0.2%) [5–7, 36]. No 
subjects developed neutralizing antibodies to DAXI after 
exposure to three cycles of treatment [34].

Fig. 2  Consistency in response 
to DaxibotulinumtoxinA for 
Injection (DAXI) treatment 
across Phase 2 and 3 clinical 
trials. Response was defined as 
achievement of none or mild 
glabellar line (GL) severity 
at maximum frown based on 
investigator assessment via the 
validated 4-point Investiga-
tor Global Assessment-Frown 
Wrinkle Severity score (ranging 
from none [0] to severe [3]). 
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3.2  Overview of DAXI Cervical Dystonia Clinical 
Program

DAXI is being investigated for several therapeutic indica-
tions, including the treatment of cervical dystonia. Cervical 
dystonia, also known as spasmodic torticollis, is a chronic 
neurological condition resulting in painful and debilitating 
twisting of the neck and shoulders [37]. BoNTA treatment is 
currently recommended as first-line therapy for adults with 
cervical dystonia [2, 38], but patients report declining symp-
tom relief at approximately 10–16 weeks after injection with 
currently approved BoNTAs [8–10, 39–41], necessitating 
3–5 treatments per year to manage symptoms, which is a 
burden on patients and the healthcare system. Furthermore, 
as many payors do not permit re-treatment before the recom-
mended reinjection interval of at least 12 weeks for cervical 
dystonia [5, 7, 10, 40], patients must endure periods when 
their recurring symptoms are not managed. Thus, there is a 
need for a safe and effective treatment that provides a longer 
duration of cervical dystonia symptom relief.

3.2.1  Phase 2 Dose‑Ranging Study

An open-label, dose-escalation, Phase 2 study evaluated the 
efficacy and safety of three doses of DAXI (200 U, 200–300 U,  
and 300–450 U) in adults with moderate-to-severe isolated 
(primary) cervical dystonia [12]. Overall, 37 subjects were 
enrolled, received a single DAXI treatment, and were fol-
lowed for up to 24 weeks. Using the Toronto Western Spas-
modic Torticollis Rating Scale (TWSTRS) total score, a 
measure of cervical dystonia severity, disability, and pain on 
a scale of 0–85 with higher scores indicating greater impair-
ment [42], mean change from baseline was −16.86 (38%) 
at Week 4 (primary endpoint), −21.3 (50%) at Week 6, and 
−12.8 (30%) at Week 24 across all subjects. The response 

rate (the proportion of subjects with ≥ 20% reduction in 
TWSTRS total score from baseline) was 83% at Week 4, 
94% at Week 6, and 68% at Week 24. Median duration of 
response was 25.3 weeks [12].

Treatment-related AEs were transient and mild or moder-
ate in severity and no apparent dose response or dose-related 
increase was observed. The most common treatment-related 
AEs were dysphagia (14% of subjects) and injection-site 
erythema (8% of subjects), and these were unrelated to the 
dose administered. No serious AEs occurred [12]. No sub-
jects developed neutralizing antibodies in this study [43].

3.2.2  Phase 3 Program

The Phase 3 program in adults with cervical dystonia 
includes a pivotal, randomized, double-blind, placebo-
controlled Phase 3 trial (ASPEN-1) and a long-term, open-
label efficacy and safety study (ASPEN-OLS) conducted in 
Canada, Europe, and the USA [44, 45]. ASPEN-1 (n = 301 
subjects), which was conducted to evaluate the efficacy and 
safety of two doses of DAXI (125 U or 250 U), completed 
in June 2020 [44]. At peak efficacy, averaged over Weeks 4 
and 6, least squares mean change from baseline in TWSTRS 
total score was −12.7 (31%) with DAXI 125 U and −10.9 
(27%) with DAXI 250 U, which was a significantly greater 
improvement compared with placebo (least squares mean 
[standard error] difference vs placebo −8.5 [1.93] and −6.6 
[1.92], respectively; p < 0.001 for each dose) [13]. These 
improvements in TWSTRS total score with DAXI are at 
least as large as reported with other BoNTAs at Week 4 
(incobotulinumtoxinA difference vs placebo −7.5 with  
120 U and −9.0 with 240 U; abobotulinumtoxinA differ-
ence vs placebo −8.9 and −5.9 with 500 U) [5, 46]. Median 
duration of effect, as determined by time to loss of 80% 
peak treatment benefit, was 24.0 weeks for DAXI 125 U and 

Fig. 3  Consistency in duration 
of effect (time to loss of none 
or mild glabellar line severity at 
maximum frown based on both 
IGA-FWS and PFWS) follow-
ing DaxibotulinumtoxinA for 
Injection (DAXI) treatment in 
the Phase 3 SAKURA clinical 
trials. CI confidence interval, 
IGA-FWS Investigator Global 
Assessment-Frown Wrinkle 
Severity, PFWS Patient Frown 
Wrinkle Severity
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20.3 weeks for DAXI 250 U (Fig. 4), which is longer than 
the median effect duration of 12–14 weeks reported with 
onabotulinumtoxinA, abobotulinumtoxinA, and incobotuli-
numtoxinA [4, 5, 47]. DAXI was generally safe and well tol-
erated, with dysphagia reported in 1.6% of subjects treated 
with DAXI 125 U and 3.8% of subjects treated with DAXI 
250 U [13]. This is considerably lower than the incidence of 
dysphagia reported in registration trials of adults with cervi-
cal dystonia treated with onabotulinumtoxinA (19%), abobo-
tulinumtoxinA (15%), and incobotulinumtoxinA (13–18%) 
[4, 5, 7]. The median duration of dysphagia events was  
14 days, which is also substantially less than has been 
reported for other BoNTAs in cervical dystonia [48].

Subjects enrolled in the ASPEN-OLS study (n = 358) 
were eligible for up to four doses of DAXI over 48 weeks 
[45]. The study completed in May 2021 and data were not 
available at the time of writing.

4  Clinical Differentiation of DAXI Versus 
Currently Available BoNTA Products

Any comparison between BoNTA products is complicated 
by the fact that there is no standardized dosing unit for 
BoNTA products because biological activity is defined by 
mouse  LD50 assay (median lethal dose in mice), and each 
manufacturer has their own methodology for conducting 
the  LD50 assay as well as their own proprietary reference 
standard [49]. Therefore, for BoNTAs, units are a relevant 
measure for comparing dosing for a given toxin product, 
such as in dose-escalation studies or when comparing the 
effective doses for aesthetic and therapeutic indications, but 

regulatory agencies worldwide warn against using units for 
comparing dosing between different toxin products.

The pharmacological effect of BoNTA is mediated by 
the core 150-kDa neurotoxin (the active component of all 
BoNTA products); however, the clinical efficacy will be a 
function of the amount of active ingredient and the efficiency 
of delivery of that active ingredient into nerve terminals. The 
latter is significantly influenced by the formulation.

All currently approved conventional BoNTA products are 
formulated with HSA as a stabilizer, which prevents loss of 
activity through protein aggregation and protein adsorption 
to vial and, potentially, syringe surfaces. These products 
yield very similar clinical performance at approved doses 
for cervical dystonia and glabellar lines, with duration in the 
3- to 4-month range and similar magnitude of peak efficacy 
[4–7, 36].

DAXI’s unique formulation, comprising the RTP004 
peptide and other excipients, allows the product to be for-
mulated without HSA and permits a greater functional effi-
ciency to be obtained with the given amount of active core 
neurotoxin. For example, in the glabellar lines indication, 
despite a similar mass of core neurotoxin with DAXI 40 U 
and onabotulinumtoxinA 20 U (each 0.18 ng of core neuro-
toxin), results from a controlled Phase 2 study demonstrated 
that DAXI 40 U yielded greater efficacy and duration of 
effect than onabotulinumtoxinA 20 U with a similar safety 
profile [32]. Conversely, the mass of core neurotoxin in the 
50 U dose of abobotulinumtoxinA (0.27 ng of core neu-
rotoxin) yields a clinical efficacy profile in glabellar lines 
that is generally similar to that of 20 U onabotulinumtoxinA 
(0.18 ng of core neurotoxin) (Fig. 5), and a duration of effect 
of 3–4 months, despite its higher mass of neurotoxin [50]. 
The higher amount of neurotoxin required for efficacy of 

Fig. 4  Median time to loss of 
≥ 80% of peak treatment effect 
following DaxibotulinumtoxinA 
for Injection (DAXI) treatment 
in adults with moderate-to-
severe cervical dystonia in the 
Phase 3 ASPEN-1 trial
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abobotulinumtoxinA is a function of the lower amount of 
HSA in that formulation, demonstrating insufficient sta-
bilization [51, 52]. Lastly, in cervical dystonia, a dose of 
DAXI 125 U (0.56 ng of core neurotoxin) demonstrated  
24 weeks of clinical benefit [13], whereas, in a separate 
controlled study with a similar patient population, onabotu-
linumtoxinA, at an average dose of 205 U (1.70 ng of core 
neurotoxin), produced a clinical benefit of 14 weeks [47]. 
These differences conclusively demonstrate that the unique 
formulation of DAXI is the reason for greater efficacy, and 
further illustrates the impact of product formulation on the 
clinical profile of a BoNT product.

In summary, dosing of BoNTA products is complicated 
by the lack of standardized dosing units and, therefore, non-
interchangeability of dosing guidance for each indication. 
Considering the complete formulation permits a more natu-
ral comparison of BoNTA products and illustrates the sig-
nificant differences imparted by formulation on the clinical 
efficiency of the products.

5  Conclusion

DAXI has the potential to be the first BoNTA product 
approved in the USA with a demonstrated duration of effect 
up to 24 weeks. Importantly, a consistent duration of efficacy 
has been observed following DAXI treatment of cervical 
dystonia and glabellar lines, suggesting that DAXI has the 
potential to improve the management of both therapeutic and 
aesthetic conditions as well as requiring fewer treatments per 
year. Its unique formulation, utilizing a novel proprietary 
stabilizing excipient peptide (RTP004) rather than HSA, as 
well as the favorable clinical profile, high response rate, and 

extended duration of effect achieved with a similar or lower 
amount of core neurotoxin, distinguish DAXI from currently 
approved BoNTA products.
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