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Abstract

Botulinum neurotoxin (BoNT) is renowned for its inhibitory effects on the neuromuscular junction. The evidence for its
use in cosmetic dermatology and in non-dermatological indications is well established. We have systemically analysed
the evidence for the non-cosmetic dermatological uses of BoNT. This review presents the many small studies showing
promising results for the use of BoNT in a multitude of dermatological diseases, including (but not limited to) hyperhidro-
sis, Darier’s disease, Hailey—Hailey disease, pompholyx and hidradenitis suppurativa. There is, however, the need for lar-
ger, double-blinded randomized control trials against established treatments to cement the evidence base underlying

the use of BoNT in dermatology.
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Introduction

Botulinum neurotoxin (BoNT), colloquially referred to as
‘Botox’, is widely regarded as synonymous with the world of cos-
metic dermatology. Since identification of Clostridium botulinum
and the deadly neurotoxin it produces,' the ability of BoNT to
paralyse muscles has been exploited for a host of cosmetic and
non-cosmetic indications (summarized in Table 1). In this arti-
cle, we review the mechanism of action of BoNT and the
evidence base underlying its use in dermatological practice.

Mechanism of action
There are seven structurally distinct isoforms of BoNT (A-G).>?
BoNT-A (trade names: Botox, Dysport, Xeomin, Prosigne, Blocs,
Azzalure, Boccature) is most commonly used, followed by
BoNT-B (trade names: Myoblocs, Neuro Blocs). BONT-A and
BoNT-B both consist of a protein comprising a heavy and light
chain linked by a disulphide bond.* The heavy chain binds the
neurotoxin to the cholinergic nerve terminal, while the light
chain inhibits acetylcholine release.*> BoNT-A and BoNT-B are
pharmacologically distinguished by the type of protein the light
chain cleaves, SNAP 25 in the case of BONT-A and VAMP in the
case of BONT-B.°

BoNT’s most recognized mechanism of action is to inhibit
acetylcholine release at the presynaptic neuromuscular junction.
As acetylcholine is also a neurotransmitter of the autonomic
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nervous system, BoNT can block both sympathetic and
parasympathetic nerve endings.” BoNT’s ability to prevent
acetylcholine binding to postsynaptic receptors within the
eccrine sweat gland and inhibit sweat production has lead to its
extensive use in the management of hyperhidrosis.® Further-
more, it has been suggested that BoNT exerts anti-nociceptive
action via blocking the action of substance P, hence it is, more
recent, used in myofascial pain syndromes and headaches.’

Side-effects and toxicity of BONT
Side-effects include those expected with any minor procedure
(infection, pain, localized bruising and failure of action) and
those caused by unintentional migration of the neurotoxin to a
non-target organ (e.g. blepharoptosis, when toxin diffuses from
glabellar region to levator palpebrae muscle).” Contraindications
to the use of BoNT include neuromuscular diseases, such as
myasthenia gravis and Lambert—Eaton syndrome, in which the
effect of the toxin may be potentiated,’® as well as amyotrophic
lateral sclerosis and motor neuropathies. BoNT is not recom-
mended during pregnancy or in breast-feeding women.

It is believed that BoNT-B has more autonomic side-effects
than BoNT-A. An open controlled study of 30 patients treated
with BoNT suggested that autonomic side-effects occur more
often with BoNT-B,!! leading the authors to conclude that
BoNT-B is relatively contraindicated

in patients taking
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Table 1 Non-cosmetic indications of botulinum neurotoxin

Indication Studies
Hyperhidrosis
Axillary hyperhidrosis 22,25
Palmar hyperhidrosis 26,27
Chromhidrosis 20,29
Frey’s syndrome 30
Stump hyperhidrosis 32,34-38
Eccrine naevus 39
Pruritic dermatoses
Notalgia paraesthetica 40,41
Pompholyx 43,48
Idiopathic pruritus 44,47
Lichen simplex 49
Aquagenic keratoderma 50
Fox-Fordyce disease 51
Acantholytic disorders
Hailey—Hailey disease 55-57
Darier’s disease 58
Inflammatory dermatoses
Hidradenitis suppurativa 59-61
Flexural psoriasis 62
Folliculitis decalvans 64
Scarring
Reduction in graft contraction 69
Painful keloid scars 70
Fissures and ulceration
Anal fissures 72,73,87
Raynaud’s disease: ulcers 74,75
Exposure keratopathy 77,78
Oromandibular dystonia: ulceration 79
Miscellaneous
Contractile urostomies and ileostomies 80
Vulvodynia 81-84
Cutaneous leiomyomas 85
Bromhidrosis 86

concomitant anti-cholinergic medication or those with auto-
nomic dysfunction, however, may be beneficial to patients with
sialorrhoea or hyperhidrosis.'"*'> Side-effects noted included dry
mouth, reduced sweating, dysphagia, dyspepsia, constipation,
micturition difficulties and thrush.!' Of note, the duration of
effect is shorter in BoNT-B, lasting 2 months less than BoNT-A
in the treatment of dystonia.'?

More recent studies are now investigating the possibility of
patients producing neutralizing antibodies to BoNT after multi-
ple treatments as evidenced by reduced efficacy in dystonia fol-
lowing repeated injections.'* Antibody production is related to
younger age of commencing BoNT and higher units of injection
(per dose and cumulatively).'® Rare side-effects of BoNT include
dysphagia, diplopia and headaches'® and weakness of the small
muscles of the hand with palmar BoNT treatment."”
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Hyperhidrosis

Hyperhidrosis, in which eccrine glands produce excessive secre-
tions, can have profound psychological impact upon quality of
life. The excessive sweating is due to an abnormal physiological
response to the hypothalamus, which can affect any eccrine
sweat gland,'® but most commonly involving the palms, soles
and axillae.'® The eccrine sweat glands in patients with hyper-
hidrosis are morphologically normal,’® but are stimulated by
excessive acetylcholine. BoNT is not only able to suppress
eccrine secretion by blocking the cholinergic stimulation of
apocrine glands,” but may also exert its effect through blocking
substance P.*'

A multi-centre, randomized placebo-controlled trial of
BoNT-A treatment of bilateral primary axillary hyperhidrosis
found that 94% of the treatment group (n = 242) had greater
than 50% reduction in sweating from baseline at weeks 1, 4
and 16 when treated with 50 U of BoNT-A (Botox, Allergan,
Westport, Ireland) compared with only 36% of the placebo
group (n = 78).>> A multi-centre, double-blind randomized
controlled trial (RCT) evaluated the use of BONT-A (vs. pla-
cebo) in the treatment of primary axillary hyperhidrosis over
52 weeks (n = 322), but here a variation in units was used (75
or 50 U), finding a 75% significant reduction in sweating (in
the group given either 75 or 50 U) vs. a 25% reduction in the
placebo group. Interestingly, the duration of effect was found
to be slightly longer in the 50 U group (205 days), lasting
8 days longer than the 75 U group (197 days).”” Wollina et al.
found that high dose of BoNT-A is able to prolong the anhi-
drotic effect of intradermal BoNT-A in the majority of
patients.** A similar study focusing on palmar hyperhidrosis
also corroborates that BoNT response is dose dependent,
demonstrating that 200 U of BoNT-A (Botox, Allergan) per
palm significantly prolongs the remission by at least 12 months
in comparison to low-dose therapy (28-165 U)."”

A more recent study of 24 patients comparing BoONT-A 50 U
vs. BONT-B 1500 U in the treatment of axillary hyperhidrosis
over a 20-week period showed no difference in anhidrotic effect
between the two variants of BoNT.?

A randomized double-blind study of 11 patients evaluated the
benefit of BoNT-A (120 U) in palmar hyperhidrosis, demon-
strating a 26%, 26% and 31% reduction in sweating at 4, 8 and
13 weeks, respectively (statistically significant), as measured by
ninhydrin-stained sheet.”® An intra-subject comparative study
(n = 19) evaluating the safety and efficacy of BoNT-A for pal-
mar hyperhidrosis demonstrated statistically  significant
improvement with BoONT-A on one hand vs. normal saline on
the other.”” With respect to side-effects following BoNT injec-
tion for palmar hyperhidrosis, a study of 427 patients found that
275 (64%) patients reported local pain and 102 (24%) patients
muscle weakness post BoNT-A injection (75-100 U; Botox,
Allergan).”®
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Chrombhidrosis is a rarer subset of hyperhidrosis, whereby
coloured sweat is secreted from apocrine sweat glands.”® A
case report found a young woman with facial chromhidrosis,
treated with
responded well to two applications of BoNT-A (20 U; Botox,

previously  unsuccessfully aluminium  salts
Allergan), with the effect persisting at 19 weeks post-treat-
ment.”® Similar results were noted at 4 months in another
case report of facial chromhidrosis treated with BoNT-A
(30 U; Botox, Allergan).29

Frey’s syndrome is a form of localized sweating of the parotid
area associated with Erythema® during mastication, often
attributed to trauma or surgery in that region.”® The mechanism
is thought to be secondary to the parasympathetic cholinergic
nerve fibres aberrantly regenerating with sympathetic cholinergic
receptors of the skin.>® Treatment can be difficult, with options
including atropine, anti-perspirants or preventative measures
such as neurectomy.’’ One study included seven patients with
Frey’s syndrome (with at least 12 months of gustatory sweating)
who were treated with 5-30 U BoNT-A (Botox, Allergan). Using
a starch—iodine test to detect sweating, varying degrees of recur-
rence were noted. Some patients required no treatment at 12—
24 months after a single dose of BONT-A (12.5 U; Botox, Aller-
gan), whereas others needed repeated treatments over this time
period.*

Stump hyperhidrosis, a condition frequently noted in leg
amputee patients, is often difficult to treat. Minimal results have
been found with topical astringent agents and water iontophore-
sis.”” To prevent stump hyperhidrosis in a 44-year-old amputee
with diabetes, 100 U of BoNT-A (Botox, Allergan) injected into
the stump was reported. Initially, there was relapse at 4 months
attributed to sweat transposition from higher up the stump.
BoNT-A subsequently injected higher up the thigh improved the
duration of anhidrosis (a total of 200 U given to the anterior
and posterior superior thigh), with no relapse observed at
7 months.”

A subsequent cohort of nine amputees reported a significant
improvement in sweating at 4 weeks (P = 0.027) and 3 months
(P = 0.020) following injection of BoNT-B 1750 U.”> There
have been many small studies showing similar outcomes,>**®
however further studies with greater numbers of patients are
needed to assess this more conclusively.

Eccrine naevus is a rare subset of hyperhidrosis associated
with naevi.’” One case report suggested a 50% reduction in
sweating of an affected naevus following injection of 2 U BoNT-
A (Botox, Allergan) with the effect lasting for 6 months.”

Pruritic dermatoses
It has been shown that BoNT can ameliorate the symptom of

pruritus, including in conditions such as notalgia Paraesthet-

40-42

ica, pompholyx* and idiopathic pruritus.** Animal models

suggest BONT-A inhibits mediators implicated in pruritus, such

as substance P and glutamate.45 Furthermore, Schemlz et al.*®
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demonstrated that acetylcholine sensitive c-fibres are also associ-
ated with pruritus.

A small double-blind, placebo-controlled study of 14 patients
with pruritus induced by histamine prick test showed that 5 U
of BoNT-A (Botox, Allergan) significantly reduced pruritus
intensity and area in comparison to normal saline injections.
Laser Doppler imaging carried out as part of the study also
revealed that BoNT reduced the vasomotor action in the treated
area.*’

An intra-individual study of 10 patients investigated the use
of BONT-A (mean dose 162 U; Botox, Allergan) for pompholyx,
using the untreated side as control. It found that 70% of patients
subjectively reported an improvement with a 39% decrease in
pruritus reported in the treated side vs. a 52% increase in the
untreated side. The authors hypothesized the increase in symp-
tomatic pruritus could be due to compensatory hyperhidrosis.*?
A further study involving six patients corroborated these find-
ings with 100 U of BoNT-A (Botox, Allergan), suggesting that
anhidrosis induced by BoNT can improve symptoms of pom-
pholyx and reduce the number of relapses.*® While both studies
were limited by the modest sample size and subjective assess-
ment tool, BONT may be of use in recalcitrant cases of pom-
pholyx.*?

An open pilot study of four patients investigating the effects
of BONT-A (20-80 U; Dysport, Ipsen Biopharmaceuticals Lim-
ited) on pruritus associated with lichen simplex found that pru-
ritus not only subsided but also some of the clinical lesions fully
resolved within 4 weeks.*” Treatment of aquagenic keratoderma
with BoNT-A was suggested to resolve symptoms of pruritus
and pain triggered by immersion in water in a single case
study.”

Fox—Fordyce disease is a rare pruritic disorder most evident
on skin with a high density of apocrine glands. Symptomatic
pruritic papules have been shown to be responsive to 100 U of
BoNT-A (Botox, Allergan) when injected into axillae, with an
associated reduction in papules.’!

Acantholytic disorders
Hailey—Hailey disease is an autosomal dominant acantholytic
disorder with mutation of ATP2CI gene, clinically manifesting
as macerated flexural erythema.’® Heat and sweat aggravate the
disease, resulting in worsening of discomfort and pruritus symp-
toms. BoNT could rationally ameliorate all the above via its inhi-
bition of acetylcholine and substance P.>® Several case reports
have evidenced improvement of Hailey—Hailey with the use of
BoNT-A (50-125 U; Botox, Allergan).s‘F57 One case report
compared BoNT-A with more conventional treatments of der-
mabrasion and Er:YAG laser therapy and found it to be equiva-
lent, suggesting that BONT may be a viable alternative to those
not tolerating ablative treatments.*®

Darier’s disease is another autosomal dominant acantholytic
disorder, with mutation of the ATP2A2 gene. Manifestations
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include greasy warty papules in the flexures and heavily eccrine
populated areas, which contribute to malodour.”® Evidence for
BoNT use in Darier’s disease is limited with only a letter exam-
pling a case of improvement in one patient who received an
injection of 100 U BoNT-A (Botox, Allergan).*®

Inflammatory dermatoses

Hidradenitis suppurativa (HS) is a chronic inflammatory der-
matosis of the apocrine glands which typically affects the axillae
and groin® and treatment is often challenging. There are several
case reports showing improvement of symptoms with BoNT-
A,? ¢ attributed to the inhibition of sweating. A 46-year-old
lady with chronic severe HS (Hurley stage 2) was reported to
respond very well to axillary BONT-A treatment (50 U) with a
remission period of at least 12 months. This patient had previ-
ously been managed with antibiotics, the oral contraceptive pill
and surgical drainage of secondary abscesses. The authors
hypothesized that BONT-A inhibits apocrine secretions thereby
preventing the inflammatory response evoked by follicular mate-
rial from the pilosebaceous unit.*

BoNT has been trialled in other inflammatory dermatoses that
are thought to be exacerbated by excessive sweating. A pilot
study of 15 patients with flexural psoriasis showed that 50—
100 U of BoNT-A (Botox, Allergan) improved subjective symp-
toms and objective photographic evidence of disease in 87% of
patients at 2, 4 and 12 weeks.®? Furthermore, patients with pso-
riasis are known to have a higher concentration of substance P
receptors in their skin,”> meaning BoNT should theoretically
reduce pruritus by inhibiting substance P and hence prevent
binding to the multiple receptors.

Folliculitis decalvans is a primary neutrophilic cicatricial
alopecia.®* One case study found favourable effects on hair
regrowth post-injection of 60-150 U of BoNT-A (Botox, Aller-
gan). They hypothesized that BONT-A inhibition of immune fac-
tors and cytokines reduced follicular inflammation.®®

Scarring
BoNT can be used to reduce or soften troublesome scars, partic-
ularly those in areas with extensive muscular activity, such as the
upper forehead. If a scar does not naturally conform, then BoNT
has been used to settle tension created by the muscular activity
beneath the scar, with injection of 17.5-40 U of BoNT-A previ-
ously trialled (Botox, Allergan).*® BoNT can be injected either at
the time of scar formation (if anticipated) or at suture removal.
Apart from muscular inhibition, BoNT is thought to inhibit the
action of fibroblasts and hence reduce scar hypertrophy.®” A ran-
domized, double-blind, placebo-controlled study of primates
found a significant improvement in scars injected with BoNT
(when analysed by plastic surgeons) in comparison to those that
were not (P < 0.01).%®

Plastic surgeons have reviewed the role of BoNT in full thick-
ness wounds, primarily because the cosmetic outcome with

JEADV 2016, 30, 2023-2029

grafts can be poor secondary to graft contraction. One study
using a rodent population, found a significant reduction in graft
contraction 1 month post BoNT injection (P < 0.05) with an
associated reduction in fibroblasts (P < 0.05) and inflamma-
tion.*

Keloid scars are a common complication of skin incisions, the
incidence varying between races and also location of the inci-
sion. BoNT is often quoted as an emerging treatment of keloid
scars, however, there are few studies to evidence this.”® An 80-
year-old female with a painful keloid scar on the chest wall, pre-
viously unsuccessfully treated with triamcinolone, bupivacaine
injections, lidocaine patches, gabapentin and opioids, reported a
significant improvement following injection of 100 U of BoNT-
A (Botox, Allergan) into the scar.”’ The underlying mechanism
of action remains largely unknown, with one study identifying
no effect of BONT upon cytokine and growth factor production
of keloid tissue in cell culture.””

Fissures and ulceration

The efficacy of BoNT-A is well established in the treatment of
anal fissures. Chronic anal fissures arise due to hypertonia of the
anal sphincters (particularly the internal anal sphincter), which
subsequently cause ischaemia of the arterial circulation and there-
fore pain.”> A review of treatments of anal fissures demonstrated
a 53-88% healing rate following BoNT treatment (15-200 U)
into the internal anal sphincter.”* The studies reviewed had a vari-
able sample size (ranging from 10 to 100), varying site of injection
and varying doses injected. All studies however demonstrated
healing or improvement with either no side-effect or transient
incontinence, haematoma or burning sensation post-injection.”*

A 2009 retrospective study has found that 84% of patients
with Raynaud’s disease and associated chronic ischaemic hand
pain (n = 19) reported reduced pain post BoNT-A injection
(50-100 U), as well as increased blood flow.” One review evalu-
ated the use of BoNT in Raynaud’s ulcers in four studies since
2004. Ulcers appeared to heal more rapidly following BoNT-A
injection (10-100 U), however there were multiple limitations
of the small studies included, highlighting the need for larger
studies,”® with the exact mechanism of BoNT in Raynaud’s
ulcers remaining unknown. BoNT has also been shown to be an
alternative to surgical tarsorrhaphy (indicated, e.g., in exposure
keratopathy, dry eye syndrome or persistent epithelial defects’”)
by inducing a protective ptosis through injection of BoNT-A
(2.5-5 U) into the levator palpebrae superioris muscle, and thus
preventing or resolving corneal ulceration.”®> BONT-A can also
be used to prevent wound complications post-ophthalmic pro-
cedures, with prevention of wound dehiscence when used post-
eyelid reconstruction.””

Neurodegenerative disorders can often result in chronic lip
biting or oromandibular dystonia, leading to ulceration, mega-
lencephalic leukoencephalopathy being one such example. A case
study on a 10-year-old boy treated with 20 U of BoNT-A
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Figure 1 Botulinum toxin: mechanism of action and non-cos-
metic dermatological indications.

(Botox, Allergan) resulted in reduced dystonia and subsequent
healing of the ulcer.*’

Miscellaneous indications

A prospective case series of 10 patients with contractile stomas
(including urostomies and ileostomies) and associated leaks
(with consequent peri-stomal irritant dermatitis) found that
seven patients had a reduction in leakage following BoNT injec-
tion (50-100 U) into the muscularis layer of the rectus sheath.
Less frequent pouch changes were subsequently required and
quality of life markedly improved.®'

Several case studies have evaluated the role of BONT injections
in refractory cases of vulvodynia®® and found that BoNT-A is
effective in blocking nociception associated with the vestibule.
One case study was unable to assess the long-term effectiveness
of BoNT as the patient opted for a vestibulectomy.®* A separate
study found that all subjects included (n = 7) had a reduction in
pain following injection of 20-40 U BoNT (Botox, Allergan),
but there was variation in the number of injections required.®’
BoNT injection with progressive dilatation has been shown to be
safe and effective in women suffering from vaginismus (10—
150 U).83%

Haley et al. recently published a randomized, double-blind,
placebo-controlled pilot over 5 years on the use of BoNT in
painful cutaneous leiomyomas. Cutaneous leiomyomas are
extremely painful, resistant to current treatment options and
well renowned for their impact on patient quality of life
(QoL). This study found reduced pain severity post BoNT
injection (5 U per cm?) and improved QoL, albeit not statis-
tically significant. This may be attributed to the small sample
size (n = 18). This was a single centre study, limited by sub-
jective measure of pain, variation in gender between study
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arms and a varied distribution and location of leiomyomas.
However, it does highlight that further research is required
for the use of BoNT in cutaneous pain disorders. The
authors also hypothesized that pain is reduced via BoNT
exerting cholinergic blockage.*® Finally, body malodour
(brombhidrosis) is also reported to respond to BoNT, whether
associated with hyperhidrosis.®’”

Discussion

BoNT has a multitude of non-cosmetic, dermatological indica-
tions for which it is able to either improve disease symptoms or
treat the disease entirely. The use of BoNT in dermatological
practice may be of particular value in cases of diseases refractory
to other treatments (Fig. 1).

While there are many case examples within each disease cate-
gory we have highlighted, there are few double-blinded random-
ized controlled trials, which are needed in order to compare
BoNT to more commonly used, established treatments. Trials
involving larger numbers of patients that include comparisons
of dosage of therapy and subtypes of BoNT are lacking. Further-
more, the effect of the experience and training of the clinician
administering BoNT on disease and symptom outcomes is yet to
be explored.

The best evidence to date belies the use of BoNT in hyper-
hidrosis. Interestingly, some of the dermatological conditions we
have discussed appear to respond to inhibition of sweating such
as Hailey—Hailey disease and stump hyperhidrosis in amputees,
lending support to BoNT can be used as an adjunct in recalci-
trant disease. Other uses of BONT may be seen in multi-disci-
plinary clinics, such as the use of BoNT for the treatment of anal
fissures and retracted stomas that were causing peristomal der-
matitis. Pruritus can be a result or an instigator of dermatologi-
cal conditions. Evidence to date suggests BoNT can relieve
pruritus, perhaps via its anhidrotic affects, therefore potentially
easing the symptoms of many dermatological diseases. The cost
of BoNT, transient nature of response and difficulty procuring
funding from local commissioning groups will undoubtedly dis-
courage its use by some dermatologists.

BoNT is a well-tested, relatively safe treatment and should be
considered by dermatologists as a therapeutic possibility, partic-
ularly in recalcitrant cases of skin diseases.
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