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Abstract
Although botulinum toxin (BT) is now being used in a large number of different indications in numerous medical specialties, 
there is still dynamic and rapid development. Treatment algorithms were improved by the introduction of BT short-interval 
therapy, BT high-dose therapy and improved dosing guidelines. Ultrasound guidance may be helpful in special situations. 
New indication areas including depression and inflammatory processes are being explored. Drug development projects are 
mainly focusing on onabotulinumtoxinA analogues, some are addressing liquid preparations and modifications of BT's dura-
tion of action. Recombinant BT may simplify production processes. Cell-based assays for potency measurement will soon 
be required by registration authorities. Treatment algorithms will be further refined and indications will be expanded. New 
indication areas are still uncertain. BT type A will remain the drug substance of choice. Removal of complexing proteins 
seems logical. Whether there is a need for BT drugs with modified duration of action and for liquid preparations, is unclear. 
Bringing BT therapy to those who need it, is the biggest challenge. Current high-price business models need to be changed, 
either by employing a biosimilar registration approach or by referring to companies from countries where business models 
are based on different cost structures.

Keywords  Botulinum toxin · Therapy · Drugs · Indications · Future developments · Manufacturers

Introduction

Botulinum toxin (BT) has undergone one of the most 
remarkable transitions in the history of mankind: once infa-
mous as a food safety hazard and a means of biological war-
fare, it is now a highly effective drug for an amazing number 
of different disorders. For many of them, BT has revolution-
ized their therapy. Although BT drugs and their therapeutic 
applications have come a long way to where they are now, 
there is still dynamic and rapid development. We want to 
review this development in BT's therapeutic applications and 
its drug development. In an outlook, we want to sketch some 
future development perspectives.

Therapeutic applications

BT produces a well-controllable fully reversible block-
ade of cholinergic synapses. This has generated two main 
indication areas. Injected into muscle tissue, BT produces 
neuromuscular blockade with muscle relaxation, which 
may be used to treat muscle hyperactivity disorders such 
as various forms of dystonia, spasticity, infantile cerebral 
palsy, hemifacial spasm, tics, tremor and motility disorders 
of the bladder and the gastrointestinal tract (Dressler 2012). 
This indication area currently covers around 26 indications 
in some six medical specialties. Of those, blepharospasm, 
cervical dystonia, post stroke spasticity, infantile cerebral 
palsy, hemifacial spasm, detrusor overactivity and stra-
bismus are registered indications. Besides, the use of BT 
in esthetic medicine is also based on this muscle relaxing 
effect, which may reduce wrinkles generated by underlying 
muscle hyperactivity.

If BT is injected into exocrine gland tissues, it reduces the 
production of sweat, saliva and tears, thus offering elegant 
treatment of hyperhidrosis, sialorrhea and crocodile's tear 
phenomenon (Dressler 2012). Hyperhidrosis and sialorrhea, 
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the most common conditions in this indication area, are reg-
istered indications.

The use of BT to treat chronic migraine is a more recently 
approved indication (Aurora et al. 2010). It opens up a dif-
ferent indication area. However, the pharmacological and 
physiological basis of this effect remains unclear, but cer-
tainly reaches beyond classic cholinergic effects.

Treatment algorithms: BT therapy was recently advanced 
by three major modifications of the treatment algorithms. 
Originally, BT therapy was applied with fixed interinjection 
intervals of at least 12 weeks. This recommendation was 
generated, after short interinjection intervals were identi-
fied as a risk factor for BT antibody formation. When it 
became apparent, that these fixed intervals did not match 
the duration of the therapeutic effect in a substantial num-
ber of dystonia patients (Dressler et al. 2015a), BT applica-
tions with reduced interinjection intervals were tested. After 
these injections did not produce BT antibody formation, BT 
short-interval therapy was formulated (Dressler and Adib 
Saberi 2017). Short interval therapy can substantially pro-
long the duration of the treatment effect in a large number 
of patients, thus improving their quality of life consider-
ably. So far, short interval BT therapy was only described 
for incobotulinumtoxinA (Xeomin®, Merz Pharmaceuticals, 
Frankfurt/M), which is believed to excel with substantially 
reduced antigenicity due to an improved specific biologi-
cal activity and a lack of complexing proteins (Dressler and 
Hallett 2006; Dressler and Bigalke 2017). Further studies 
will have to test, whether also other BT drugs may be used 
for this purpose.

Originally, it was also recommended that BT total doses 
should not exceed around 400MU per injection series  to 
reduce risks of BT antibody formation and systemic adverse 
effects. In a pivotal study (Dressler et al. 2015b) it was 
shown, that—wherever necessary—total BT doses may, 
indeed, exceed 400MU without risks of BT antibody forma-
tion and systemic adverse effects. In this study, the average 
total dose was 570.1 ± 158.9MU and in singular patients it 
reached 1200MU. These findings established BT high-dose 
therapy. A subsequent study (Wissel et al. 2017) using total 
doses 800MU confirmed the original study. BT high-dose 
therapy allows generation of more robust therapeutic effects 
and treatment of more widespread conditions, especially in 
dystonia and in spasticity. For the treatment of dystonia, this 
redefines the dividing line between the use of BT therapy 
and deep brain stimulation (Dresssler et al. 2016). Again, 
both studies introducing BT high-dose therapy were using 
incobotulinumtoxinA. Other BT drugs, therefore, also need 
to be tested for this purpose.

For motor indications, BT therapy crucially depends on 
the development of an optimal injection scheme describing 
the target muscle selection and their BT dosing. These injec-
tion schemes are highly individual and vary from patient 

to patient to a large extent. So far, they were based entirely 
on expert opinion. Recently, statistical analyses of the large 
digital data base of a special reference center provided exact 
data on typical BT doses, dose variabilities and dosing limits 
for all relevant target muscles used for treatment of dystonia 
and spasticity (Dressler et al. 2021a). This analysis also pro-
vided an overview over total BT doses and target selections 
for all major clinical presentations of dystonia and spasticity 
(Dressler et al. 2021a).

Guided BT application: Originally, BT application to the 
body was performed using anatomical hallmarks only. Soon 
later, electromyography with recording of the muscle hyperac-
tivity or stimulation of the target muscle directly through a spe-
cial injection cannula were introduced to increase application 
precision. After some time, ultrasound imaging was suggested 
to visualize the target tissue and its adjacent neural and vas-
cular structures. It was hypothesized, that this could increase 
therapeutic efficacy and reduce adverse effects. Although this 
hypothesis was never proven, it seems reasonable to use the 
increased application precision provided by ultrasound guid-
ance in forearm muscles in very focal dystonia forms such as 
writer's cramp and musician's cramp, in target muscles posi-
tioned deep within the body and in children, where anatomical 
hallmarks are sparse (Walter and Dressler 2014).

New indications: Within the pain indication area, various 
indications other than chronic migraine are currently being 
studied (Siongco et al. 2020). However, no new registration 
studies are currently being performed.

New indication areas: Several years ago, it was demon-
strated that BT injections into the forehead might reduce 
depression (Finzi and Wasserman 2006, Wollmer et al. 2012). 
Four subsequent randomized controlled trials confirmed 
these anti-depressive effects (for review, see Kruger and Wol-
lmer 2015; Qian et al. 2020), whilst the fifth one intended for 
eventual drug registration failed to produce significant thera-
peutic effects (Brin et al. 2020. Even more so than with pain 
indications, mechanisms underlying BT effects on depression 
are unknown. Another potentially interesting indication area 
for BT therapy could be the modification of inflammatory 
reactions as originally suggested several years ago (Dykstra 
et al. 2007). Several subsequent studies suggest therapeutic 
effects after intra-articular BT injections. Registration studies 
are missing. Intradermal BT injections are usually ineffective 
for articular pain reduction (Voller et al. 2003).

Drug development

Figure 1 shows the genealogy of the main BT drugs reg-
istered so far. Milestones of drug development were the 
first registration of a BT drug in 1989, the first registration 
of a BT type B drug—also being the first drug in a liq-
uid preparation—in 2000 and the first registration of a BT 
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drug without complexing proteins in 2005 (Dressler 2012). 
A recent analysis revealed that in China as early as 1997 
another BT type A drug (lanbotulinumtoxinA, Lantox®, 
Lanzhou Institute of Biological Products, Lanzhou, Gansu 
Province, China) had been registered (Dressler et al. 2021b). 
It has similar properties compared to onabotulinumtoxinA.

Table  1 shows an overview about ongoing BT drug 
development projects (Dressler 2021). Most of the projects 
are aiming at developing onabotulinumtoxinA analogues, 
mainly for esthetic purposes. The Masport® development 
project targets abobotulinumtoxinA, the Innotox® develop-
ment project targets incobotulinumtoxinA. A liquid prepa-
ration BT drug has been available for many years (Setler 
2000). New projects are trying to develop new liquid prepa-
rations or to manufacture liquid formulations of existing 
BT drugs. One development project (daxibotulinumtoxinA, 
Revance, Nashville, TN, USA) (Carruthers et al. 2017) is 
based on the combination of BT type A with a proprietary 
protein. Originally, it was claimed that this protein would 
allow facilitate BT absorption, so that injections for applica-
tion would become obsolete. After that claim could not be 
substantiated, it was claimed, that the proprietary protein 
could prolong and BT's duration of action and reduce its 
adverse effects. Again, this claim could not be substanti-
ated. Currently. the company tries to market their proprietary 
protein as a substitute for human serum albumin, which is 
widely used in BT drugs and other pharmaceuticals and 
never generated any safety problems. Coretox®, a BT type A 
toxin drug without complexing proteins, also stresses its lack 
of biological excipients including human serum albumin.

For all BT type A drugs, the duration of action is in the 
order of 12 weeks. In injections into exocrine glands, it may 
be longer. For several years, it has been proposed to develop 
BT drugs with longer or shorter duration of action. It is, 
however, not quite clear, whether a longer duration of action 
would benefit patients with chronic disorders usually requir-
ing regular follow-ups anyway to coordinate and adjust the 

therapeutic setting. A prolonged duration of action may also 
be a problem, as it would also prolong the duration of adverse 
effects. A potential use for short duration drugs is even harder 
to imagine. Modified duration of action will most likely be 
achieved by modifications of the drug’s BT component or by 
exploring the human duration of action of non-A BT types.

Traditionally, potency testing during manufacturing 
is performed by mouse lethality assays. With large num-
bers of mice being sacrificed every year for this process, 
it has long been a public demanded to change this practise 
by applying cell-based assays (Adler et al. 2010). So far, 
only AbbVie-Allergan and Merz Pharmaceuticals are using 
cell-based assays. As both are patent-protected, all new BT 
manufacturers will have to develop own cell-based assays or 
to license them from those companies.

Potential drug development strategies include exploring 
recombinant manufacturing processes and development of 
hybrid BT’s using isolated BT components for targeting or 
intracellular SNARE protein modulation.

Outlook

BT therapy has already been proven highly effective and safe 
for many indications in various medical fields. In the future, 
we will certainly see further improvements in its treatment 
algorithms, as we have seen them in the past. Most likely, 
we will also see a continuous expansion of indications. An 
expansion of BT into new indication areas, such as depres-
sion and arthritis, is still unclear. New drug developments 
will continue to focus on generating onabotulinumtoxinA 
and incobotulinumtoxnA analogues. AbobotulinumtoxinA 
will more and more fall behind, as its idiosyncratic potency 
labeling prevents comparison with other BT drugs. Whether 
there is an unmet need for BT drugs with prolonged or 
reduced duration of action, is unclear. Addition of propri-
etary proteins does not seem to be an option for this purpose. 
Liquid BT preparations have not been a relevant selling point 
in the past and are unlikely to be one in the future—except, 
maybe, in esthetic medicine.

The biggest challenge, we feel, is the problem is to 
bring BT therapy to those who need it. In most indications, 
this market penetration is insufficient, meaning that large 
numbers of patients, which would benefit from BT therapy, 
are not reached. Reasons are lack of awareness, education 
and teaching on one side and therapy costs on the other 
side. Obviously, both aspects are contrarily correlated 
with each other. Current high-price business models do 
not seem to be able to cut this Gordian knot. Therefore, 
other business models are urgently needed. They might 
use a biosimilar registration approach or they might be 
developed in countries where business models are based 
on different cost structures.

Fig. 1   The genealogy of botulinum toxin drugs. From: Dressler 
(2012)
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Table 1   Therapeutic botulinum toxin preparations

From: Dressler 2021

Generic name Trade name Manufacturers and partners 
(past and present)

Country Specifics

OnabotulinumtoxinA Botox
Botox® Cosmetics®

Vistabel®

Allergan-AbbVie USA/Ireland BT-A

AbobotulinumtoxinA Dysport®
Azzalure®

Reloxin®

Ipsen/Medicis UK/France/USA BT-A

IncobotulinumtoxinA Xeomin®

Xeomin Cosmetics®

Bocouture®

Merz Pharmaceuticals Germany BT-A, no complexing proteins

RimabotulinumtoxinB NeuroBloc®

Myobloc®

Nerbloc®

US WorldMeds/
Eisai/Sloan/Elan/Solstice

USA BT-B, liquid preparation

LanbotulinumtoxinA Hengli®
Lantox®

Lanzox®

CBTX-A®

Prosigne®

Redux®

Liftox®

Dituroxal®

Lanzhou Institute of Bio-
logical Products/Hugh 
Source

P.R. China BT-A, Botox® analogon

Neuronox®

Meditoxin®

Botulift®
Cunox®

Medytox R. Korea BT-A, Botox® analogon

Coretox® Medytox R. Korea BT-A, Xeomin® analogon, no complexing 
proteins, no biological excipients

Innotox® Medytox/Allergan R. Korea/USA BT-A, liquid preparation
Botulax®

Zentox®

Regenox®

Hugel R. Korea

PrabotulinumtoxinA Nabota®

Jeuveau®

Evosyal®

Daewong/Evolus-Alphaeon R. Korea/USA BT-A, Botox® analogon

DaxibotulinumtoxinA RTT150 Revance USA BT-A, protein additive
Revance/Mylan USA/Netherlands BT-A, Botox® analogon, biosimilar approach

Relatox® Microgen Russia BT-A, Botox® analogon
Botulax® Hugel R. Korea BT-A, Botox® analogon
Masport® Masoundarou I.R. Iran BT-A, Dysport® analogon
CosmeTox® Transdermal USA BT-A, creme
BTXA® Intas India BT-A, Botox® analogon
Botogenie BioMed India BT-A, Botox® analogon
EB-001 Bonti/Allergan USA BT-E
MCL005 Malvern Cosmeceuticals UK BT-A, topic gel
ANT-1207 Anterios/Allergan USA BT-A, lotion



833Botulinum toxin therapy: past, present and future developments﻿	

1 3

Funding  Open Access funding enabled and organized by Projekt 
DEAL.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Adler S, Bicker G, Bigalke H, Bishop C, Blümel J, Dressler D, Fitzger-
ald J, Gessler F, Heuschen H, Kegel B, Luch A, Milne C, Pickett 
A, Ratsch H, Ruhdel I, Sesardic D, Stephens M, Stiens G, Thorn-
ton PD, Thürmer R, Vey M, Spielmann H, Grune B, Liebsch M 
(2010) The current scientific and legal status of alternative meth-
ods to the LD50 test for botulinum neurotoxin potency testing. 
The report and recommendations of a ZEBET Expert Meeting. 
ATLA 38:315–330

Aurora SK, Dodick DW, Turkel CC, DeGryse RE, Silberstein SD, Lip-
ton RB, Diener HC, Brin MF, PREEMPT 1 Chronic Migraine 
Study Group (2010) OnabotulinumtoxinA for treatment of 
chronic migraine: results from the double-blind, randomized, 
placebo-controlled phase of the PREEMPT 1 trial. Cephalalgia 
30:793–803

Brin MF, Durgam S, Lum A, James L, Liu J, Thase ME, Szegedi A 
(2020) OnabotulinumtoxinA for the treatment of major depressive 
disorder: a phase 2 randomized, double-blind, placebo-controlled 
trial in adult females. Int Clin Psychopharmacol 35:19–28

Carruthers J, Solish N, Humphrey S et al (2017) Injectable daxibotu-
linumtoxinA for the treatment of glabellar lines: a phase 2, rand-
omized, dose-ranging, double-blind, multicenter comparison with 
onabotulinumtoxinA and placebo. Dermatol Surg 43:1321–1331

Dressler D (2012) Clinical applications of botulinum toxin. Curr Opin 
Microbiol 15:325–336

Dressler D (2021) Clinical pharmacology of botulinum toxin drugs. 
Handb Exp Pharmacol 263:93–106

Dressler D, AdibSaberi F (2017) Safety of botulinum toxin short 
interval therapy using incobotulinumtoxin A. J Neural Transm 
124:437–440

Dressler D, Bigalke H (2017) Immunological aspects of botulinum 
toxin therapy. Expert Rev Neurother 17:487–494

Dressler D, Hallett M (2006) Immunological aspects of Botox, Dysport 
and Myobloc/NeuroBloc. Eur J Neurol 13(Suppl 1):11–15

Dressler D, Tacik P, AdibSaberi F (2015a) Botulinum toxin therapy of 
cervical dystonia: duration of therapeutic effects. J Neural Transm 
122:297–300

Dressler D, AdibSaberi F, Kollewe K, Schrader C (2015b) Safety 
aspects of incobotulinumtoxinA high-dose therapy. J Neural 
Transm 122:327–333

Dressler D, Altenmueller E, Bhidayasiri R, Bohlega S, Chana P, Chung 
TM, Frucht S, Garcia-Ruiz PJ, Kaelin A, Kaji R, Kanovsky P, 

Laskawi R, Micheli F, Orlova O, Relja M, Rosales R, Slawek J, 
Timerbaeva S, Warner TT, Saberi FA (2016) Strategies for treat-
ment of dystonia. J Neural Transm 123:251–258

Dressler D, Altavista MC, Altenmueller E, Bhidayasiri R, Bohlega S, 
Chana P, Chung TM, Colosimo C, Fheodoroff K, Garcia-Ruiz 
PJ, Jeon B, Jin L, Kanovsky P, Milanov I, Micheli F, Orlova O, 
Pandey S, Pirtosek Z, Relja M, Rosales R, Sagástegui-Rodríguez 
JA, Shahidi GA, Timerbaeva S, Wan X, Walter U, Saberi FA 
(2021a) Consensus guidelines for botulinum toxin therapy: gen-
eral algorithms and dosing tables for dystonia and spasticity. J 
Neural Transm 128:321–335

Dressler D, Pan L, Su J, Teng F, Jin L (2021b) Lantox-the Chinese 
botulinum toxin drug-complete english bibliography and com-
prehensive formalised literature review. Toxins 13:370. https://​
doi.​org/​10.​3390/​toxin​s1306​0370

Dykstra D, Stuckey MW, Schimpff SN, Singh JA, Mahowald ML 
(2007) The effects of intra-articular botulinum toxin on sacro-
iliac, cervical/lumbar facet and sterno-calvicular joint pain and 
C-2 root and lumbar disc pain: a case series of 11 patients. Pain 
Clinic 19:27–32

Finzi E, Wasserman E (2006) Treatment of depression with botulinum 
toxin A: a case series. Dermatol Surg 32:645–649

Kruger THC, Wollmer MA (2015) Depression - An emerging indica-
tion for botulinum toxin treatment. Toxicon 107:154–157

Qian H, Shao F, Lenahan C, Shao A, Li Y (2020) Efficacy and safety 
of botulinum toxin vs. placebo in depression: a systematic review 
and meta-analysis of randomized controlled trials. Front Psychia-
try 11:603087. https://​doi.​org/​10.​3389/​fpsyt.​2020.​603087

Setler P (2000) The biochemistry of botulinum toxin type B. Neurology 
55(Suppl 5):S22–S28

Siongco PRL, Rosales RL, Moore AP, Freynhagen R, Arimura K, 
Kanovsky P, Kaji R, Fernandez HH, Dressler D (2020) Botulinum 
neurotoxin injections for muscle-based (dystonia and spasticity) 
and non-muscle-based (neuropathic pain) pain disorders: a meta-
analytic study. J Neural Transm 127:935–951

Voller B, Sycha T, Gustorff B, Schmetterer L, Lehr S, Eichler HG, 
Auff E, Schnider P (2003) A randomized, double-blind, placebo 
controlled study on analgesic effects of botulinum toxin A. Neu-
rology 61:940–944

Walter U, Dressler D (2014) Ultrasound-guided botulinum toxin injec-
tions in neurology: technique, indications and future perspectives. 
Expert Rev Neurother 14:923–936

Wissel J, Bensmail D, Ferreira JJ, Molteni F, Satkunam L, Moraleda S, 
Rekand T, McGuire J, Scheschonka A, Flatau-Baqué B, Simon O, 
Rochford ET, Dressler D, Simpson DM, TOWER study investi-
gators, (2017) Safety and efficacy of incobotulinumtoxinA doses 
up to 800 U in limb spasticity: the TOWER study. Neurology 
88:1321–1328

Wollmer MA, de Boer C, Kalak N, Beck J, Götz T, Schmidt T, Hodzic 
M, Bayer U, Kollmann T, Kollewe K, Sönmez D, Duntsch K, 
Haug MD, Schedlowski M, Hatzinger M, Dressler D, Brand S, 
Holsboer-Trachsler E, Kruger TH (2012) Facing depression with 
botulinum toxin: a randomized controlled trial. J Psychiatr Res 
46:574–581

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/toxins13060370
https://doi.org/10.3390/toxins13060370
https://doi.org/10.3389/fpsyt.2020.603087

	Botulinum toxin therapy: past, present and future developments
	Abstract
	Introduction
	Therapeutic applications
	Drug development
	Outlook
	References




