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High-dose botulinum toxin type A therapy for
axillary hyperhidrosis markedly prolongs the
relapse-free interval

Uwe Wollina, MD, Theodor Karamfilov, MD, and Helga Konrad, MD Jena, Germany

Background: Axillary hyperhidrosis is a common condition that can be personally distressing and can
interfere with professional and social life. Intracutaneous injections of botulinum toxin type A (BTXA) have
recently been shown to induce an effective but temporary anhidrosis, usually for 4 to 6 months. High-dose
BTXA was shown to have a lower relapse rate, but it remained unclear whether it could induce a
prolongation of the antihidrotic effect.

Objective: Our aim was to evaluate the long-term effectiveness of “high-dose” botulinum toxin therapy in
axillary hyperhidrosis, the response to repeated treatment, and the possible side effects.

Methods: In an open study in a university medical center, 47 patients with axillary hyperhidrosis

unresponsive to previous therapies were treated with intracutaneous injections of botulinum A toxin. A

. total dose of 200 U of BTXA was used per axilla_Patients were followed up for periods up to 29 months. The

main outcome measures were patients’ satisfaction with the antihidrotic effect, response to repeated
treatment, and safety of treatment.

Results: Within 6 days of the injection of BTXA, all patients reported cessation of excessive sweating. The

follow-up was 17.0 = 8.3 months (range, 3-29 months). The relapse rate within 12

4 of 34 patients (11.8%). The longest relapse-free interval observed was 29 months. Twenty-two _patients

showed a relapse-free interval of 19 months or more. The number of patients with at least 12 months of
remission was significantly higher with 200 U of botulinum toxin than with lower doses reported in current
literature (P < .05). Relapsed patients (a total of 6/47) showed an unchanged excellent response to a
second or third treatment. The only side effect was temporary pain and burning during the injections. No

muscular weakness, insensitivity, or systemic reactions were observed.

Conclusion: High-dose BTXA treatment is capable of prolonging the antihidrotic effect of intracutaneous
BTXA in most patients for more than 19 months. It reduces the percentage of relapses after 12 months of

follow-up to less than 12%. So far, there is no clinical evidence of the induction of neutralizing antibodies.

High-dose treatment seems to be as safe as low-dose treatment. (J Am Acad Dermatol 2002;46:536-40.)

ocal hyperhidrosis is a disorder of excessive
sweating. Axillary hyperhidrosis, one of the
most common types of focal hyperhidrosis,
may cause considerable social, psychologic, and pro-
fessional problems. Eccrine glands are innervated by
cholinergic fibers from the sympathetic nervous sys-
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tem, in which acetylcholine is the most effective
sudorific neurotransmitter.!

Botulinum A toxin (BTXA) is one of 7 zinc-
dependent neurotoxins produced by Clostridium
botulinum. BTXA consists of a toxifying light chain
and a binding and translocating heavy chain linked by
a disulfide bond. In vitro, specific antibodies against
the zinc-binding domain of the molecule restore exo-
cytosis in cells treated with BTXA. The light chain
interferes with SNAP-25, a 25-kd synaptosome-
associated protein involved in acetylcholine release,
resulting in truncation of this protein.23

The use of BTXA to inhibit axillary hyperhidrosis
is well documented in several studies.>? In previ-
ous trials BTXA has been used at a dose of 20 to 100
U of BOTOX (Allergan, Irvine, Calif, obtained from
Merz Pharma) or up to 400 U of Dysport (Ipsen
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Table 1. Botulinum toxin type A therapy for focal hyperhidrosis: A review

No. of
Follow- axillae Type of
up treated BTXA and Relapse rate (RR)/
Study Patients/volunteers (mo) per axilla dose (U) duration of effect
Bushara et al® Healthy volunteers 6-8 5 BOTOX 15-50 100% RR after 6 mo
Glogau’ Axillary hyperhidrosis (n = 12) 4-7 24 BOTOX 50 100% RR after 7 mo
Heckmann et al'®  Axillary hyperhidrosis (n = 12) 12 12 Dysport 400 25% RR within 12 mo
Heckmann et al'3  Axillary hyperhidrosis (n = 145) 4.5 290 Dysport 100 or 200  No relapse within 4.5 mo
Naumann et al® Axillary hyperhidrosis (n = 8) Upto5 16 BOTOX 20-52 37.5% RR after 5 mo
(Minor’s test)
Odderson3 Axillary hyperhidrosis (n = 2) About 3 4 BOTOX 50 100% RR after 11 wk
Naver, Swartling,  Auxillary hyperhidrosis (n = 13) 12 26 BOTOX 38-72 Effect lasted for 9 mo
Aquilonius? (median)
Goldman?22 Axillary hyperhidrosis 195 ? BOTOX 30-50, Effect lasted 5-14 mo
Dysport 90-150
Karamfilov et al''  Axillary hyperhidrosis (n=24) Upto 15 48 BOTOX 200 16.7% RR within 15 mo
Wollina et al Axillary hyperhidrosis (n =47) Upto 29 94 BOTOX 200 12.8% RR
(present study)

Pharma/Ettlinger, Germany) per axilla, but the
optimum dose has yet to be defined. The major
disadvantage of this (low) dosage range is the reap-
pearance of clinically relevant excessive sweating,
mostly within 6 months (Table I). Repeated appli-
cation may induce neutralizing antibodies; there-
fore the dose should be optimal. Boosting by repe-
tition has to be minimized.10

In the present study we investigated the efficacy
and safety of what we have called “high-dose” BTXA
in patients with axillary hyperhidrosis. In fact, the
dose might be called “medium” compared with
treatment of neuromuscular disorders.10 In a previ-
ous study we demonstrated that although toxicity
and time to response were comparable to conven-
tional treatment with lower doses, 200 U of BTXA
markedly reduced the relapse rate after 10 months
of follow-up.!! It was still not known whether such
treatment would prolong the anhidrotic effect. In
this study we hope to answer this question by
recording the follow-up of 47 patients suffering from
axillary hyperhidrosis and treated with 200 U BTXA
per axilla.

PATIENTS AND METHODS

Patients with focal axillary hyperhidrosis unrespon-
sive to other nonsurgical forms of treatment were
treated with BTXA. Forty-seven patients were includ-
ed: 28 women and 19 men. Their age was 18 to 60
years (mean age * standard deviation, 35.4 *+ 8.9
years). All had suffered from focal hyperhidrosis since
childhood or adolescence (Table II). Patients younger
than 18 years, pregnant women, and patients with
symptomatic hyperhidrosis were excluded. Patients

with contraindications according to the BOTOX user
leaflet were also excluded. Informed consent was
obtained from all patients after full written and oral
explanation.

All patients underwent a pretreatment evaluation
consisting of a clinical examination, objective quan-
tification of sweat production, and photodocumen-
tation. Hyperhidrotic areas were evaluated by
Minor's iodine-starch test.12 In this test, 2 g of iodine
and 4 g of potassium iodide in alcohol to 100 mL is
painted over the skin area. After it has dried, a fine
starch powder is applied. Sweat causes the color to
turn dark blue. In all cases the iodine-starch test
made it very easy to identify the location of excessive
sweating in the axillary skin.

For each axilla, 200 U of BTXA (BOTOX) were
diluted with 4.0 mL of 0.9% sterile physiologic saline
without preservative. The toxin was injected in
amounts of 0.1 to 0.2 mL (2.5-5.0 U) intradermally
using a 30-gauge needle. Analgesic therapy was not
necessary. We started with single-site treatment.
Three to 5 days later the second axilla was treated
the same way.

The follow-up of patients was 3 to 29 months
(17.0 = 8.3 months). The iodine-starch test was used
to assess the clinical antisudorific activity 6 days after
treatment. A relapse was defined as a noticeable
increase in sweating as experienced and reported by
the patient. Telephone interviews were performed
with all patients at the end of the follow-up period.

The two-sided chi-square test was used for com-
paring our data with reported data from the litera-
ture. A P value of less than .05 was considered statis-
tically significant.
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Table II. Epidemiologic data and outcome

Patient Follow-up Duration of Repeated
No. Age (v) (mo) effect (mo) treatments
1 36 28 8 Once
2 60 24 24+
3 46 24 24+
4 46 23 23+
5 36 25 25+
6 30 25 25+
7 46 25 25+
8 28 25 19 Once
9 49 25 25+
10 18 17 7 Twice
1 29 25 25+
12 25 23 23+
13 27 23 23+
14 49 23 23+
15 34 28 28+
16 19 25 25+
17 35 24 24+
18 53 25 25+
19 22 29 29+
20 19 19 16 Once
21 30 18 18+
22 54 20 20+
23 34 28 28+
24 23 19 19+
25 20 19 19+
26 24 20 10 Once
27 36 19 19+
28 a4 17 17+
29 27 16 16+
30 34 14 14+
31 38 14 14+
32 21 16 16+
33 24 13 13+
34 42 12 7 Once
35 21 1 11+
36 22 10 10+
37 22 8 8+
38 29 8 8+
39 33 6 6+
40 29 4 4+
41 24 4 4+
42 22 3 3+
43 22 3 3+
44 21 3 3+
45 24 3 3+
46 37 3 3+
47 36 1 1+
RESULTS

Acute toxicity and side effects

Intracutaneous injections of BTXA were well tol-
erated. Mild pain was experienced during the injec-
tion. Burning sensations sometimes lasted up to 1
hour (n = 8). We never observed hematomas or
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allergic or other systemic side effects. Muscular
power and sensation in the axillary region remained
unchanged as assessed clinically. Electromyography
was not performed, so subclinical impairments can-
not be ruled out. None of the patients experienced a
compensatory hyperhidrosis on other body sites.

Relapse rate within 12 months

During a follow-up of 12 months, 4 patients
experienced a clinically relevant relapse of axillary
hyperhidrosis after 7 (n = 2), 8 (n = 1), and 10 (n
= 1) months (relapse rate 11.8%). The relapse rate
of the whole group of patients was 12.8% (n = 47),
with 2 additional relapses after 16 and 19 months,
respectively.

Duration of antihidrotic efficacy and patient
satisfaction

An interview at the end of the follow-up showed
that all the patients were completely satisfied with
the response to BTXA treatment and did not experi-
ence undesirable side effects in the long term. The
mean duration after treatment was 28.0 = 18.4
months. The maximum period observed was 29
months without a relapse. Among the 34 patients
with a follow-up of at least 12 months, there were 29
with a clinically relapse-free interval of at least 19
months. Within the group of patients with a shorter
follow-up (patients 37 through 47 in Table II), none
had a relapse, but comments on long-term efficacy
are not vet possible.

Response to repeated treatment

Six patients underwent repeated treatment (Table
D). Three patients had 3 treatments each. A failure of
repeated BTXA injections or a decreased response
was not observed in any of them. To date there has
been no clinical evidence of the induction of neu-
tralizing antibodies to BTXA.

High-dose versus low-dose BTXA therapy

In the literature we found 4 BTXA studies on axil-
lary hyperhidrosis including 29 patients (43 axillae)
with a detailed description of outcome and relaps-
es.68.13 They have been compared with 47 patients
(ie, 94 axillae) in the present study. A significantly
larger number of patients and BTXA-treated axillae
showing a remission of 12 months or more was
observed with high-dose therapy than with low-dose
therapy (P < .05 for patients and P < .001 for axillae
treated) (Table III).

DISCUSSION
Axillary hyperhidrosis is still a management dilem-
ma.l4 Sympathectomy has become more convenient
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through minimally invasive surgery but has its own
risks, including Horner’s syndrome, pneumothorax,
pneumonia, and compensatory hyperhidrosis. The
response rate of sympathectomy in upper limb
hyperhidrosis is about 90%, with complete satisfac-
tion of patients in about 70% of cases. Compensatory
hyperhidrosis has been reported to occur in 50% to
80% of patients.!> Other treatment modalities avail-
able are axillary liposuction and surgical excision.
The latter should no longer be used because it is dis-
figuring and secondary lymphedema may occur. On
the other hand, tap water iontophoresis and topical
antiperspirants arc used in milder cases only.

The use of BTXA was introduced recently.
Previous studies have shown that a minimum dose
of 50 U of BTXA is necessary to induce anhidrosis of
the axilla in healthy volunteers.3 In axillary hyper-
hidrosis 36 to 50 U of BOTOX57 or 400 U of Dysport®
were effective in the short term, but clinical remis-
sion usually lasted less than 12 months (Table I). In a
multicenter trial using Dysport intradermal injec-
tions, there was no substantial difference in reduc-
tion of sweat production between 100 U and 200 U
per axilla.13

Our results show that intracutaneous BTXA, 200
U per axilla, is an effective and safe treatment for axil-
lary hyperhidrosis without severe side effects. No
systemic side effects have been observed. The safety
profile for acute side effects is comparable to “low”-
dose BTXA.!! The dosage used is far below the LDy,
of 3000 U for BOTOX.? One major advantage is the
smaller number of relapses.!!

Only 4 relapses occurred within 12 months
(11.8%). Heckmann et al'6 observed relapses in 25%
of patients with axillary hyperhidrosis within 7
months. Odderson!” reports an anhidrotic response
lasting between 2 and 8 months for axillary sweating.
The higher dosage used in the present study reduced
the number of relapses within the first year after injec-
tion by more than 50%. Even more important is the
observation that long-term remissions of up to 29
months can be induced. The number of both patients
and treated axillae with a remission of 12 months or
more in the high-dose group of patients was signifi-
cantly greater statistically than in low-dose patients in
4 published studies (Table III; P < .05 and P < .001,
respectively).

The mechanisms responsible for the prolonged
relapse-free interval in high-dose BTXA therapy are
not yet clear. BTXA shows a mechanism of pore for-
mation in target cells that is different from that of
other toxins.!® Cultured spinal cord cells exposed to
0.4 pM BTXA converted approximately half of the
SNAP-25 into a truncated form lacking the C-terminal
residues. The proteolytic activity persisted for more
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Table II1. Comparison of low-dose and high-dose
BTXA treatment of axillary hyperhidrosis

BTXA Low-dose High-dose L
Remission <12 mo 20 (34) 4(8) 24 (42)
Remission > 12 mo 9(9) 43 (86) 52(95)
Total 29 (43) 47 (94) 76 (137)

The numbers refer to patients; the numbers in brackets refer to
axillae treated. Data on low-dose BTXA therapy were obtained
from the studies of Heckmann et al,6 Glogau,” Naumann et al,# and
Odderson.'? Data on high-dose BTXA were obtained from the pre-
sent study.

than 11 weeks.1? Whether higher doses of BTXA lead
to a diminished or more persistent reduction of
functional active SNAP-25 has vet to be shown. The
clinical data presented herein show a longer cfficacy
of BTXA at higher doses (200 U of BOTOX) than with
traditional dose regimens (about 50 U of BOTOX).

Because neutralizing antibodies have beer
described in patients treated with subdermal anc
intramuscular injections of BTXA, which ma
account for a secondary nonresponse, %20 the exac
Jintradermal injection technique is a crucial point.2!
ISubcutaneous injections have proved less effective
in focal hyperhidrosis and may result in a higher rate
of temporary muscular weakness.21:22 There are, in
fact, no published data on the development and fre-
quency of BTXA antibodies in patients treated for
focal hyperhidrosis.!3 As far as we observed, the
patients with a relapse did respond to a second treat-
Llent as well as to the initial treatment.

The available data seem to argue for a markedly
prolonged efficacy of “high-dose” BTXA. Fewer
relapses and a significantly longer relapse-free inter-
val may justify the use of a higher dosage even in
terms of cost-benefit calculations.

REFERENCES

1. Sato K, Ohtsuyama M, Samman G. Eccrine sweat gland disor-
ders.) Am Acad Dermatol 1991;24:1010-4.

2. Brin MF. Botulinum toxin: chemistry, pharmacology, toxicity, and
immunology. Muscle Nerve 1997;Suppl 6:5146-68.

3. Bartels F, Bergel H, Bigalke H, Frevert J, Halpern J, Middlebrook J.
Specific antibodies against the Zn(2+)-binding domain of
clostridial neurotoxins restore exocytosis in chromaffin cells
treated with tetanus or botulinum toxin A neurotoxin. J Biol
Chem 1994;269:8122-7.

4. Bushara KO, Park DM, Jones JC, Schutta HS. Botulinum toxin—a
possible new treatment for axillary hyperhidrosis. Clin Exp
Dermatol 1996;21:276-8.

5. Odderson IR. Axillary hyperhidrosis: treatment with botulinum
toxin A. Arch Phys Med Rehabil 1998;79:350-2.

6. Heckmann M, Breit S, Ceballos-Baumann A, Schaller M, Plewig
G. Axillire Hyperhidrose: Erfolgreiche Behandlung mit
Botulinumtoxin-A. Hautarzt 1998;49:101-3.




540 Wollina, Karamfilov, and Konrad

10.

15.

. Glogau RG. Botulinum A neurotoxin for axillary hyperhidrosis.

Dermatol Surg 1998;24:817-9.

. Naumann M, Hofmann U, Bergmann |, Hamm H, Tokoya KV,

Reiners K. Focal hyperhidrosis: effective treatment with intracu-
taneous botulinum toxin. Arch Dermatol 1998;134:301-4.

. Naver H, Swartling C, Aquilonius S-M. Palmar and axillary hyper-

hidrosis treated with botulinum toxin: one-year clinical follow-
up. Eur J Neurol 2000;7:55-62.

Huang W, Foster JA, Rogachefsky AS. Pharmacology of botu-
linum toxin.J Am Acad Dermatol 2000;43:249-59.

. Karamfilov T, Konrad H, Karte K, Wollina U. Lower relapse rate of

botulinum toxin A therapy for axillary hyperhidrosis by dose
increase. Arch Dermatol 2000;136:487-90.

. Minor V. Ein neues Verfahren zu der klinischen Untersuchung

der Schweillabsonderung. Dtsch Z Nervenheilkd 1927;101:301-
6.

. Heckmann M, Ceballo-Baumann AO, Plewig G for the

Hyperhidrosis Study Group. Botulinum toxin A for axillary
hyperhidrosis (excessive sweating). N Engl J Med 2001;344:488-
93.

. Stoman LP. Treatment of hyperhidrosis. Dermatol Clin

1998;16:863-9.

Zacherl J, Huber ER, Imhof M. Long-term results of 630 thoraco-
scopic sympathicotomies for primary hyperhidrosis: the Vienna
experience, Eur J Surg 1988;Suppl:43-6.

16.

17.

18.

19.

20.

21.

22

] AM AcAD DErmATOL
ApriL 2002

Heckmann M, Schaller M, Ceballos-Baumann A, Plewig G.
Follow-up of patients with axillary hyperhidrosis after botu-
linum toxin injection. Arch Dermatol 1998;134:1298-9.
Odderson IR. Hyperhidrosis treated by botulinum A exotoxin.
Dermatol Surg 1998;24:1237-41.

Lacy DB, Tepp W, Cohen AC, DasGupta BR, Stevens RC. Crystal
structure of botulinum neurotoxin type A and implications for
toxicity. Nat Struct Biol 1998;5:898-902.

Keller JE, Neale EA, Oyler G, Adler M. Persistence of botulinum
neurotoxin action in cultured spinal cord cells. FEBS Lett
1999;456:137-42.

Kessler KR, Skutta M, Benecke R. Long-term treatment of cervi-
cal dystonia with botulinum toxin A: efficacy, safety, and anti-
body frequency. German Dystonia Study Group. J Neurol
1999,246:265-74.

Naumann M, Bergmann |, Hofmann U, Hamm H, Reiners K.
Botulinum toxin for focal hyperhidrosis: technical considera-
tions and improvement in application. Br J Dermatol 1998b;
139:1123-4,

Goldman A, Treatment of axillary and palmar hyperhidrosis
with botulinum toxin. Aesthetic Plast Surg 2000;24:280-2.

the Web site.

RECEIVE TABLES OF CONTENTS BY E-MAIL

To receive the tables of contents by e-mail, sign up through our Web site at;
bttp:/fwww.mosby.com/jaad
Choose E-mail Notification.

Simply type your e-mail address in the box and click the Subscribe button.

Alternatively, you may send an e-mail message to
majordomo@mosby.com.
Leave the subject line blank and type the following as the body of your message:
subscribe jaad_toc

You will receive an e-mail message to confirm that you have been added to the mail-
ing list. Note that table of contents e-mails will be sent out when a new issue is posted to




