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Botulinum toxin type A (Botox®) is thought to have
antipruritic effects through inhibition of pruritic fac-
tors, including acetylcholine, substance P, and gluta-
mate. The aim of this randomized, single-blind, place-
bo-controlled trial was to test the effect of botulinum
toxin type A on cowhage, a non-histaminergic model
for chronic itch. Botulinum toxin type A was injec-
ted into the arm of 35 healthy subjects, with a saline
control injected into the contralateral arm. Thermal
sensory parameters (warmth and heat thresholds and
heat pain intensity) and itch intensity after cowhage
application were examined on test areas. Botulinum
toxin type A reduced itch intensity, overall perceived
itch (area under the curve (AUC); percentage change
from baseline), and peak itch intensity compared with
the control at 1 week, 1 month, and 3 months. Botuli-
num toxin type A had no effect on thermal thresholds
or heat pain intensity. In conclusion, botulinum toxin
type A reduced cowhage itch for at least 3 months,
which suggests that botulinum toxin type A is a poten-
tial long-lasting treatment for localized, non-histamin-
ergic itch.
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S evere, localized chronic pruritus is often challenging
to manage, and available therapeutic options are limi-
ted. Topical treatments may provide transient relief, but
must be reapplied frequently. Currently available syste-
mic options include immunomodulatory and neuroactive
agents, which may not be well tolerated by all patients.
Antihistamines are largely ineffective for chronic itch,
which is primarily mediated by histamine-independent
pathways (1). Given the limitations of these therapies,
novel approaches to the treatment of pruritus are needed.

Botulinum toxin type A (BoNT/A), a potent neurotoxin
with an array of dermatological applications, has been re-
ported to have antipruritic properties. Studies have shown

SIGNIFICANCE

Severe, localized chronic itch can negatively impact quality
of life and presents a therapeutic challenge. Botulinum tox-
in type A (BoNT/A; Botox®) may provide long-lasting, loca-
lized relief in certain itchy skin and neurological conditions;
however, its effects in chronic (histamine-independent) itch
pathways in healthy subjects has not been elucidated. This
study utilized cowhage, a plant that induces non-histamin-
ergic itch, to determine the effects of botulinum toxin type
A on temperature and itch sensation in healthy subjects. It
was demonstrated that botulinum toxin type A reduced itch
for at least 3 months. These results suggest that botulinum
toxin type A has potential for long-lasting itch relief in loca-
lized, chronic itch states.

that BONT/A inhibits itch in localized inflammatory
dermatoses, including dyshidrotic hand dermatitis, lichen
simplex chronicus, inverse psoriasis, and atopic derma-
titis (2—7). BoNT/A has also been used to relieve itch in
neuropathic conditions including notalgia paraesthetica
(6, 8,9). In addition, in a double-blind, placebo-controlled
study, subcutaneous BoNT/A significantly reduced
histamine-induced itch intensity in healthy subjects (10).
These findings, further summarized by Boozalis et al.
(11) and Gazerani (12), suggest that BONT/A may have
the ability to reduce itch of varied aetiology.

The antipruritic mechanism of BONT/A has not been
fully elucidated and is likely to be multifactorial. BONT/A
induces cleavage of SNAP-25 (synaptosomal-associated
proteins of 25 kDa), which prevents the release of neu-
rotransmitters from presynaptic vesicles (13). This results
in inhibition of acetylcholine, which has been shown
to induce itch in atopic dermatitis (14—16). In addition,
BoNT/A inhibits the release of several neuropeptides
with implicated roles in neuropathic pruritus and in-
flammation. These include substance P (SP), glutamate,
and calcitonin-gene related peptide (CGRP) (17-21).
Furthermore, downregulation of transient receptor po-
tential cation channel, subfamily A, member 1 (TRPA1)
and transient receptor potential cation channel, subfamily
V, member 1 (TRPV1) ion channels, which mediate itch
induction, has also been demonstrated following BoNT/A
administration (22, 23).
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In chronic pruritic diseases, the histamine-independent
protease-activated receptor 2 (PAR-2) pathway is thought
to serve as the predominant route of itch transmission.
Endogenous PAR-2 agonists, such as tryptase, have been
shown to induce itch in patients with atopic dermatitis
(24). Exogenous activation of this pathway can be achie-
ved by cutaneous application of spicules of the cowhage
plant (Mucuna pruriens var. pruriens) (25). Cowhage
contains mucunian, a cysteine protease that binds PAR-
2 receptors and induces an intense itch sensation. Thus,
cowhage-induced itch has been frequently implemented
as an experimental model for chronic itch conditions and
used for evaluation of antipruritic therapies (26—28).

The current study showed the antipruritic effect of
BoNT/A in healthy human subjects using a non-hista-
minergic, cowhage-induced itch model. These findings
suggest that a single injection of BoNT/A may be an ef-
fective treatment with a prolonged duration for localized
chronic pruritic conditions.

MATERIALS AND METHODS
Study design

This was a single-centre, randomized, single-blind, placebo-con-
trolled phase I trial (clinicaltrials.gov NCT02639052) in healthy
adults. The trial was approved by the Temple University Institu-
tional Review Board (Study ID: 126938 and performed according
to Good Clinical Practice Guidelines. Written informed consent
was obtained before any study-related procedures were performed.

After eligibility screening, 2 4x4 cm test sites, 1 on each arm,
were designated on the subject’s volar forearms. The locations of
these areas were recorded by photograph. Baseline sensory testing
was conducted on both areas. Next, 1 test area was intradermally
injected with Botox®, while the contralateral test area was intra-
dermally injected with a placebo control (physiological saline).
Subjects returned for follow-up sensory testing 1 week, 1 month,
and 3 months after receiving the injections.

Participants

Healthy adult subjects (18-50 years old) with no history of
BoNT/A use were included. Healthy volunteers were recruited by
IRB approved flyers around the Temple University Medical School
campus. The use of any oral or topical analgesics or antipruritics
was not allowed 48 h before and during the trial. Subjects who
were pregnant or breastfeeding were excluded. At baseline, demo-
graphic data were collected, and women of childbearing potential
underwent a urine pregnancy test.

Interventions

The location (right or left arm) of the Botox® (Allergan, Dublin,
Ireland) or saline placebo sites was randomized, and the subjects
were blinded to the identity of the injections. Botox® was re-
constituted with sterile, preservative-free 0.9% sodium chloride
based on the dilution instructions on the label. Since Botox® was
reported to diffuse within a 1-2 cm radius, a total of 10 units
equally distributed among 5 injection sites (2 units per injection),
within the 4x4 cm test area, were injected intradermally to ensure
complete coverage (Fig. S1). The same volume of 0.9% saline
(Henry Schein,Melville, NY) was injected intradermally into the
contralateral test area.
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Procedures

Sensory testing was performed at baseline (before treatment), and
then 1 week, 1 month, and 3 months after treatment. Warmth thres-
holds, heat pain thresholds, heat pain intensity, and cowhage itch
intensity were measured at each visit. These stimuli were always
given in the same order and always started with the subject’s right
arm. Thermal stimuli were delivered using the TSA-II Neuro-
sensory Analyzer (Medoc Ltd, Ramat-Yishai, Israel) at each 4x4
cm area. The thermode warmed the skin surface at a linear rate of
0.4°C/s from a baseline of 32°C to a maximum of 50°C. At 50°C,
the stimulus automatically terminated. Warmth sensation thresholds
and then heat pain detection thresholds were determined 3 times
by the ascending method of limits. The subjects were instructed to
respond on detection of a thermal stimulus, and those values were
used to compute the mean threshold. Heat pain was induced by
the thermal stimulation delivered with rise and fall rates of 6°C/s,
with a plateau duration of 5 s at 49°C and a minimum interval of
30 s between stimuli at baseline (32°C). Ratings of pain intensity
were taken 3 times during the plateau temperature on a 0—10 visual
analogue scale (VAS) anchored with “no sensation” on 0 and “the
most intense, unbearable sensation imaginable” on 10.

After a 10-min rest period, itch was induced by the application
of cowhage (Mucuna pruriens var. pruriens) spicules on each test
site, separately. A total of 4045 cowhage spicules were applied
by gentle rubbing into the skin in a circular motion for 3045
s. Subjects were instructed to rate itch intensity on a 0—10 VAS
scale anchored with “no sensation” on 0 and “the most intense,
unbearable sensation imaginable” on 10, every 30 s until the itch
subsided. Subjects were also instructed not to scratch the area.
After itch subsided, the cowhage spicules were removed gently
using adhesive tape.

Outcomes

The primary outcome was the change in itch intensity VAS ratings
between the Botox® and placebo treatment at each visit for every
30-s report. This outcome included the change in the overall
perceived itch VAS (area under the curve; AUC). Exploratory
outcomes were the difference in peak itch intensity, peak itch time,
and itch duration between treatments at each visit. Two secondary
outcome measures were the change in thermal (warmth and heat
pain) detection thresholds and in the pain intensity VAS between
treatments at the follow-up periods.

Statistical analysis

All statistical analyses presented in this report were conducted
using SPSS 20.0 (IBM Corp., Armonk, NY, USA). Statistical
significance was defined as p<0.05. Descriptive statistics for

Table I. Demographic characteristics

Characteristics Frequency
Sex, n (%)
Female 19 (54.3)
Male 16 (45.7)
Race, n (%)
White 24 (68.6)
Black or African American 7 (20.0)
Asian 3(8.6)
Native Hawaiian or Other Pacific Islander 1(2.8)
Ethnicity, n (%)
Non-Hispanic 30 (85.7)
Hispanic 5(14.3)
Age group, n (%)
18-29 years 30 (85.7)
30-39 years 3(8.6)
40-49 years 2 (5.7)
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quantitative variables were presented as mean + standard error of
the mean (SEM). A mixed model analysis of variance (ANOVA)
with least significance difference (LSD) post-hoc analysis was used
to compare the main effects of the treatments (Botox® vs saline
itch VAS) at each visit for every 30-s time-point. This analysis
was also used to test percentage change differences. Otherwise,
paired ¢-tests between the baseline and individual follow-up time-
points were used for all other analysis. All reported p-values are
2-sided, where applicable.

RESULTS

Thirty-five healthy adults (mean+SD age 26.8+6.8
years) were enrolled and received treatment. One subject

did not complete the 3-month follow-up visit. Subject
demographics are described in Table 1.

Itch intensity

At baseline, before any treatment was received, itch
intensity VAS (p=0.3), overall itch perception (AUC,
p=0.7), peak itch (»p=0.3), and itch duration (»=0.3)
did not differ between test sites.

For the primary outcome, itch intensity VAS in the
Botox®-injected area was significantly lower than in
the saline-injected area at the 1-week, 1-month, and
3-month follow-up visits (Fig. 1; Table II). In addition,

Fig. 1. Time courses (a: all combined) of cowhage-induced itch

a 101
Basaline - Saline Baseline - Botox intensity (visual analogue scale; VAS 0-10) at (b) baseline, (c)
= 1week- Sallr!e o= 1week - Botox 1-week, (d) 1-month, and (e) 3-months following Botox® treatment
8- : ; '“°“:: " :a:!"e : ; m°":: N 2°:°x orsaline control. At baseline, before any treatment was administered, the
month - Saline month - Botox itch intensity time course did not significantly differ between test sites. At 1
) week, 1 month and 3 months after treatment, Botox significantly reduced
‘é //\\ itch intensity compared with the saline control. *p <0.05 at that specific
gs' A W time-point based on a mixed model analysis of variance (ANOVA) with
g 4 least significance difference (LSD) post-hoc. A complete list of significantly
£ different time-points and their p-values are listed in Table II.
<4
8
2+
R S e
v T T T T T b e
0 60 120 180 240 300 360 420 480 540 600
Time (sec)
b 1o- C 101
Baseline - Botox - 1 week - Botox
Baseline - Saline == 1 week - Saline
84 8
o n
< <
261 264
2 2
[} [}
g ! s
c [
=4 =445
g £
2+ 24
N 0 6.0 150 1&0 2:10 3(.)0 3é0 4&0 4{30 540 660 0 60 120 180 240 300 360 420 480 540 660
Time (sec) Time (sec)
d 10, € 10,
== 1 month - Botox -e- 3 month - Botox
- 1 month - Saline ==~ 3 month - Saline
8- 84
7 7
S5 s
2 2
[} [}
& [
2 2
c [
=4 =
8 E
24
Y 0 *

0 60 120 180 240 300 360 420 480 540 600
Time (sec)

Acta Derm Venereol 2023

0 60 120 180 240 300 360 420 480 540 600
Time (sec)


http://medicaljournalssweden.se/actadv

ActaDV

ActaDV

4/8 L.A. Nattkemper et al. "Effect of BONT/A on cowhage-induced itch”

Table II. Significantly different time-points from mixed model
analysis of variance (ANOVA) with least significance difference
(LSD) post-hoc analysis for the time courses of cowhage-induced
itchintensity (visual analogue scale (VAS) 0-10) at baseline, 1 week,
1 month, and 3 months following Botox treatment or saline control

Time-point (s) Baseline 1 week 1 month 3 months
0 n.s. p=0.041% p=0.019% p=0.001*
30 n.s. p<0.0001* p<0.0001%* p=0.006*
60 n.s. p=0.002* p<0.0001* p=0.001%*
90 n.s. p<0.0001* p<0.0001* p=0.035%
120 n.s. p=0.001%* p=0.010* p=0.004*
150 n.s. p=0.001% p=0.001* p=0.044*
180 n.s. p=0.011* p=0.020* p=0.008%
210 n.s. p=0.037* p=0.056 p=0.084

240 n.s. p=0.053 n.s. p=0.077

270 n.s. n.s. n.s. p=0.085

300 n.s. n.s. n.s. p=0.025%

*Timepoints after 300 s were not significantly different.
n.s.: nonsignificant.

the overall perceived itch intensity (AUC) after Botox®
treatment was significantly reduced from baseline at all
visits (1 week, p=0.006; 1 month, p<0.0001; 3 months,
p<0.0001; Fig. 2a). The overall itch (AUC) after Botox®
treatment also showed a decreased percentage change
from baseline compared with saline treatment at 1 week
(Botox —23.0%, saline —2.2%; p<0.0001), 1 month (Bo-
tox —34.7%, saline —15.8%; p<0.0001), and 3 months
(Botox —29.3%, saline —13,9%; p<0.0001; Fig. 2b).
As for the exploratory outcomes associated with
itch intensity, Botox® treatment significantly affected
the peak itch intensity and itch duration (Table III).
The mean intensity of itch was decreased after Botox®
treatment by 1.2 VAS units at 1 week (»p=0.001), 1.4
VAS units at 1 month (p<0.0001), and 1.8 VAS units
at 3 months (p<0.0001) compared with baseline (Fig.
3a). In addition, the paired difference in peak itch in-
tensity between the Botox® and saline treatments was
significantly different at 1 week (p=0.0002), 1 month
(p=0.0001) and 3 months (p=0.006). The percentage
change from baseline was also significantly lower for
Botox® treatment vs saline treatment for all follow-up
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Table III. Time course properties of cowhage-induced itch

Visit Saline Botox®

Peak itch (itch VAS, mean +SEM)

Baseline 7.2+0.32 7.4+0.34

1 week 7.4+0.33 6.2+0.39

1 month 7.1+£0.33 6.1+0.38

3 months 6.6+0.34 5.7£0.41
Peak itch time (s, mean+SEM)

Baseline 62.7+26.5 62.7+5.75

1 week 58.2+4.64 62.2+4.75

1 month 60.0+4.61 60.0+4.57

3 months 60.0+5.30 63.6+6.02
Itch duration (s, mean+SEM)

Baseline 316.3+17.88 301.7+£17.26
1 week 297.1+16.64 254.6+£15.96
1 month 269.1+16.80 246.2+13.92
3 months 283.6+13.95 261.2+12.95

VAS: visual analog scale; SEM: standard error of mean.

visits (1 week, p<0.0001; 1 month, p<0.0001; 3
months, p<0.0001; Fig. 3b). The time when peak itch
occurred was not affected. Compared with baseline,
Botox® treatment decreased the duration of cowhage-
induced itch at I-week (p=0.009), 1-month (p=0.027),
and 3-month (p=0.015) follow-up visits (Fig. 3c).
However, the percentage change from baseline was
only different between the treatments at 1 week (Botox
—15.6%, saline —6.1%; p<0.0001; Fig. 3d).

Thermal thresholds

Botox® treatment did not statistically affect the warmth
detection threshold, 1 of the secondary outcomes
(Table IV; Fig. 4a). However, Botox® treatment slightly
increased the heat pain detection threshold at 1 week
(»=0.034), 1 month (p=0.074), and 3 months (p=0.057).
The saline treatment also caused a slight increase in the
heat pain detection threshold for the follow-up visits (1
week, p=0.046; 1 month, p=0.06; 3 months, p=0.081).
As such, the heat pain threshold was not significantly
different between the treatments (p=0.98; Fig. 4b).
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Fig. 2. Area under the curve (AUC) of the cowhage itch intensity time course, representing total itch perceived. (a) Compared with baseline,
the Botox® treatment significantly decreased the AUC at 1 week (p=0.006), 1 month (p<0.0001), and 3 months (p <0.0001) after treatment. (b) The
percentage change in AUC from baseline was significantly different between treatments at 1 week (p<0.0001), 1 month (p<0.0001), and 3 months
(p<0.0001). Data reported as mean +standard error of the mean (SEM) and analysed using (a) paired t-tests to the baseline or (b) a mixed model
analysis of variance (ANOVA) with LSD post-hoc; p<0.05*, p<0.001***, p<0.0001%***,
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Pain intensity DISCUSSION

For the final secondary outcome, the Botox®™ treatment  This study found that BONT/A significantly reduced the
did not affect heat pain intensity (Table IV). At the intensity and duration of cowhage-induced itch in healthy
3-month visit, the heat pain intensity VAS was increased  adults. The onset of antipruritic activity was observed as
from baseline (p=0.02), but the heat pain intensity also  early as 1 week post treatment and was sustained over
increased for the saline treatment at 1 month (p=0.02)  ; 3_month period.

and 3 months (p=0.05). There was no significant diffe: Notably, BoNT/A had a more profound effect on itch
rence in the heat pain intensity VA,S between the Botox™ intensity and duration than on heat pain intensity and
and saline treatments (p=0.13; Fig. 4c). thermal thresholds. This outcome may have been influ-

enced by a number of contributory factors. It is possible
Safety that some of the neurotransmitters inhibited by BoNT/A
One subject reported development of a mild papularrash ~ have dual roles in itch and pain sensation, while others
at the site of the baseline cowhage-itch induction. This ~ may be more itch specific.

adverse event resolved on its own a few hours after the Several pruritogenic neurotransmitters inhibited by
application and did not occur with subsequent applica-  BoNT/A have complex relationships with itch and pain
tions of cowhage. sensation. For example, acetylcholine is upregulated in
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aZ 3 b2 . Cs B3 Botox
£ < < mEa Saline
g _ g . xx S
2 [T) Ty *
=L £ & 457 -y
g2 sSe 2 6
S = )
5§ % g £, ; ;
(] - .
% o g3 £
o E £ o
s° .g 2 43+ @ 5]
E a 3
= -~ I
£ 344 § 424 04
@ & & R @ & & P ) & & & 25 &
S ~$°°@°“\o<$° S 4*@0@6{\0“@ °\\°~“ S \\Q 0@& § eé\ 5 é‘oo & \\i“‘ &Q &
F NMATLE T MNGS & "G N & & R o

Fig. 4. Thermal thresholds and heat pain intensity. (a) The warmth detection threshold was not significantly affected by the Botox® treatment.
(b) The heat pain detection threshold was slightly elevated by both the Botox and saline treatments, but these changes were not significantly different
between treatments. (c) Nonetheless, the heat pain intensity remained relatively unaffected in both treatment groups. Data reported as mean + standard
error of the mean (SEM) and analysed using pair t-test to the baseline; p<0.05*, p<0.01**,
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Table IV. Thermal sensory measurements

Visit Saline Botox®
Warm threshold (°c, mean+SEM)

Baseline 35.0+£0.21 35.0+0.18
1 week 35.2+0.32 35.0+0.18
1 month 35.2+0.24 35.3+0.21
3 months 35.1+0.17 35.3+0.36
Heat pain threshold (°C, mean+SEM)

Baseline 43.4+0.65 43.6+0.62
1 week 44.8+0.61 44.7+0.52
1 month 44.8+0.57 44.5+0.62
3 months 44.4+0.56 44.5+0.49
Pain intensity (pain VAS, mean+SEM)

Baseline 3.7+£0.38 3.6+0.41
1 week 3.7+0.43 3.7+0.43
1 month 4.1+0.43 3.7+0.42
3 months 4.3+0.42 4.1+0.41

VAS: visual analog scale; SEM: standard error of mean.

patients with atopic dermatitis and has been shown to
induce itch when injected into atopic skin. A similar ef-
fect has been demonstrated in some, but not all, psoriatic
patients. However, when injected into the skin of healthy
controls, acetylcholine induced burning pain instead of
itch (14). Given the fact that some individuals with chro-
nic itch conditions may be more sensitive to acetylcholine
as a pruritogen at baseline, perhaps the antipruritic ef-
fect of BONT/A would be enhanced in these individuals
beyond what was observed in the healthy subjects in
the current study. Indeed, a recent randomized, placebo-
controlled trial by Khattab in 26 patients with atopic
dermatitis showed statistically significant reductions in
objective and subjective disease severity and quality of
life measures after BONT/A injection relative to placebo
(»<0.001), although itch was only a component of these
assessments (7).

Another possible antipruritic mechanism of BoNT/A
is inhibition of SP, CGRP, glutamate, and other pro-
inflammatory peptides. These peptides are known to play
arole in itch induction in a number of pruritic diseases.
Increased concentration of SP- and CGRP-immunoreac-
tive nerve fibres has been observed in lesional skin of
patients with atopic dermatitis, nummular eczema, and
prurigo nodularis (29, 30). Serum levels of SP have also
been shown to be elevated in patients with atopic derma-
titis and to correlate with itch intensity (31). It is thought
that SP binds neurokinin-1 receptors to induce itch, and
SP may also act through Mas-related G protein-coupled
receptors on mast cells and sensory neurones (32).
Therefore, inhibition of SP and other neuropeptides may
significantly reduce itch in addition to inflammation.

BoNT/A has also been shown to affect expression of
2 ion channels that are involved in itch transmission.
In a murine model, Cao et al. (22) demonstrated that a
single injection of BONT/A downregulated expression of
TRPA1 in the dorsal root ganglia. TRPA1 is an essen-
tial component of the signalling pathways that promote
histamine-independent itch and is thought to play a
major role in the mediation of chronic pruritus (33, 34).
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In addition, downregulated expression of TRPV1, a
component of histamine-sensitive signalling pathways,
was also observed (22). Sustained downregulation of
TRPAT1 and TRPV1 may contribute to the versatility of
BoNT/A in relieving cowhage-induced itch as well as
acute histamine-induced itch. A recent study in murine
models explored this relationship further (35). BONT/A
was found to significantly decrease scratching behaviour
elicited via both histaminergic and non-histaminergic itch
pathways (induced by the polymer 48/80 and chloro-
quine, respectively).

Despite demonstrating a significant antipruritic effect,
BoNT/A did not diminish the intensity of heat pain in the
current subjects. Rather, modest increases in heat pain
sensitivity were observed in both BONT/A- and saline-
treated areas 3 months after administration. The cause of
this effect remains unclear, as BoNT/A is known to pos-
sess antinociceptive properties. This was demonstrated
in a mouse model in which both acute and chronic pain
were induced and the response to BoONT/A recorded (36).
BoNT/A improved both acute (formalin-evoked) and
chronic (neuropathic and inflammatory) pain in control
mice, but no longer provided antinociceptive activity in
mice lacking the SP and neurokinin 1 receptor encoding
genes, thus showing that the SP-ergic system is neces-
sary for BONT/A’s pain modulation. In human studies,
analgesic effects of BoNT/A have also been clearly
demonstrated in chronic neuropathic pain conditions,
including trigeminal neuralgia and postherpetic neuralgia
(37). Thus, BoNT/A may selectively inhibit some forms
of'acute and chronic pain, while exerting less of an effect
on heat pain sensation.

For patients who experience chronic, localized itch,
BoNT/A has the potential to be a unique therapeutic
option with minimal adverse effects and a long duration
of action, with a limitation that the affected area would
require injections to be dispersed every 1-2 c¢m to en-
sure treatment coverage. Indeed, the antipruritic effect
of BoNT/A strengthened throughout the duration of the
current study, with the greatest reduction in itch intensity
occurring at the 3-month follow-up visit. Although this
study did not assess the effect of BoNT/A beyond this
time-point, it is possible that BONT/A may continue to
provide relief for a more extensive period of time. The
longevity of this treatment option is unmatched by cur-
rent therapies and could be instrumental in breaking the
itch-scratch cycle that often perpetuates chronic itch
conditions. Additional trials in patients with localized
chronic itch are needed in order to further explore the
itch-relieving effect of BoNT/A in a patient population.
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