Chapter 2
Botulinum Toxin as a Clinical Product:
Manufacture and Pharmacology

Andy Pickett

Abstract The use of botulinum neurotoxins as clinical products has required the
development of suitable manufacturing processes meeting the highest standards
of safety and quality for pharmaceutical products. The exceptional potency of the
molecule has imposed safety requirements not just for the products but also for the
staff and working environments during manufacture. There are now a number of clin-
ical products available, produced using different manufacturing processes and with
different final formulations. These differences and their implications are reviewed in
this chapter. Future developments in the manufacture of clinical neurotoxin products
are also considered.
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2.1 Introduction

Botulinum neurotoxin (BoNT) has become widely accepted as a major, first-line
treatment for a number of debilitating conditions that previously received no adequate
therapy [1]-[3]. From the initial pioneering work of Alan Scott in ophthalmology [4],
the use was expanded and extended into neurological conditions where muscles were
in spasm [5], [6]. In the 20 years since the first licensed products became available—
Oculinum® in the USA and Dysport® in the UK—BOoNT has found established uses
not just in neurology but in rehabilitation, urology, pain, headache, hyperhidrosis
and aesthetic treatments [7]-[14], together with a wide range of new, experimental
applications (see, for example, [15], [16] and Chaps. 3—6 of this book). In the majority
of these indications, the products have provided long-term, stable results for patients
[17]-[19].
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Key to this predictable, long-term use, in many cases for the full duration of
product availability over the decades, the provision of consistent, high-quality, re-
producibly potent products has been essential [20]-[22]. Without this quality of
product, clinicians could not have confidence that patients would have repeat, long-
term therapy. Yet surprisingly, little has been published about how the BoNT products
are manufactured, and data to show their consistency are scarce.

There are currently several manufacturers of type A BoNT for clinical use. Aller-
gan, based in Irvine, CA, and Westport, Ireland, are the main manufacturers of the
leading Botox®/Botox® Cosmetic/Vistabel®/Vistabex®/Vista® range. Ipsen, based
in France and Wrexham, UK, are the second largest with the brands Dysport® and
Azzalure® (an early brand name Reloxin® intended for aesthetic use in the USA [23]
was finally not allowed by the US Food and Drug Administration, FDA). Merz, from
Germany, have the Xeomin® and Bocouture® brands. Three other manufacturers are
based in Asia. Medy-Tox, in Korea, have the Meditoxin®/Neuronox®/Siax® brand
of type A BoNT which started in Korea and is now becoming available in other
countries, for example, in Latin America. Hugel Inc., also based in Korea, have a
further type A BoNT called Botulax (also Zentox or Regenox in other countries).
Lanzhou Institute for Biological Products (LIBP), in Lanzhou, China, has produced
alicensed type A BoNT available since 1997 called BTXA™ which is distributed by
Hugh Source, in Hong Kong, and by other local/regional companies under different
names such as Lantox in Russia; Lanzox in Indonesia; Prosigne in Brazil; Liftox in
Ecuador; and Redux in Peru—in total, available in over 30 countries.

One serotype B BoNT has been available for a decade, called Myobloc
Neurobloc®. The product was originally developed by Athena Neurosciences in
the USA, subsequently acquired by Elan, then Solstice NeuroSciences LLC, now
acquired in August 2010 by US WorldMeds based in Kentucky, USA. In Europe, the
product is marketed by Eisai Europe Limited. Initially, the product was targeted to
patients who had developed an antibody response to a type A product and so could be
treated with type B BoNT since the two serotypes are immunologically distinct [24].
Follow-up treatment with immunoresistant patients has limited success in the long
term [25]. Clinical data exist for licensed use of the product in cervical dystonia [26]—
[28], but other clinical uses have been examined [25], [29]. However, large doses of
the product are required, perhaps 50 times that for a type A product due to a lower
potency per unit of toxin protein. Patients initially responded to this alternative but
soon developed further antibodies to the type B molecules and became refractive to
further therapy. The treatments were short-lived. Attempts have been made to revive
the product as, for example, an aesthetic treatment [30]-[32] but the product is never
used in routine aesthetic practice, despite these data. Of particular relevance to use of
this serotype, recent data on receptor binding have shown that human synaptotagmin
IL, as used by type B BoNT, does not have a high affinity for the molecule [33]. This
phenomenon is specific to humans and chimpanzees and potentially explains why
high doses of type B BoNT are required to achieve therapeutic effects.

The present chapter describes how BoNT products are made for clinical use and
the data available on those products, focusing on the three main BoNT-A families
since these are the most prominent products in the marketplace today. The processes
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and their constraints are considered and how these link together is discussed. The
pharmacology of the products is also discussed, especially with reference to actual
clinical uses.

The mechanism of action of BoNT is described in detail elsewhere in this book
(see Chaps. 2 and 6-8 of the companion volume to this book, KA Foster (ed) Molec-
ular Aspects of Botulinum Neurotoxin, Springer, New York), and so is not included
here. Also, clinical data are not considered in this section, unless applicable to the
discussion.

2.2 The Two Stages of Manufacture

The manufacture of clinical BoNT is carried out in two, clearly distinct stages. All
stages and all testing are performed in accordance with current good manufacturing
practice (cGMP), which s a similar but notidentical set of standards and requirements
laid down by the regulatory authorities in each country and/or each region of the
world. These standards will not be reviewed here, they are too extensive; the reader
is referred to the freely available information of the guides and regulations on the
web sites of the FDA and the European Medicines Evaluation Agency (EMEA) as
typical examples of the stringency of manufacture and testing that are required.

2.2.1 Bulk Active Toxin: Drug Substance

The first stage is the production of the active BONT in what are often described as ‘bulk
quantities’. In reality, exceptionally large amounts of highly potent active BONT can
be made in small, almost laboratory-scale equipment, unlike the type of quantities
required for other active biomolecules. This involves cultivation of the production
strain, initial separation of the crude BoNT, purification of the BoNT as either a
complex or purified neurotoxin and final storage. Quality control (QC) testing of this
material against a fixed and regulatory-approved specification is then carried out; in-
process QC testing is also a stringent requirement. The resultant concentrated BoNT
is called bulk toxin, bulk active substance, or, in the current modern terminology
of the regulatory agencies, the active pharmaceutical ingredient (API) or the drug
substance (DS). This multiplicity of terms is not so helpful; DS will be used here.

2.2.2 Finished Product Vials: Drug Product

After testing is satisfactorily completed and release of the DS for onward processing
is approved by the quality functions in the company, very small volumes are used for
dilution, formulation with excipients, dispensing into vials and then preservation by
either freeze drying or vacuum drying or just as a liquid, dependent on the product
family. The dilution factor may be 10,000 times or greater [34]. The output is called
either finished product or, in current terms, drug product (DP).
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2.2.3 Quality Testing and Release to Market

In certain cases, the regulatory authority of a country where a product is approved
may require separate testing and release of the DS to be carried out, either by their own
laboratories or by a designated and approved contract testing house, before any DP is
manufactured. This can even be on an individual batch basis. In turn, each batch of DP
may be individually released by the licensing authority of a country before that batch
can be commercialised within the country. Within Europe, one control laboratory,
designated an Official Medicines Control Laboratory (OMCL), will carry out formal
testing and release on behalf of all European countries in accordance with the Official
Control Authority Batch Release (OCABR) guidelines [35]. A fee is levied, currently
about 2,300 € (US $ 3,200), against the manufacturer for the testing and release of
each batch carried out together with the subsequent issue of a release certificate;
but for the fee, time constraints are placed on the OMCL for release purposes. The
OCABR for Human Biologicals is, in fact, a specific network within the OMCL
network [36]. The FDA carry out similar testing for the products destined for the
USA, in compliance with the Code of Federal Regulations (which define the cGMP
requirements) 21CFR610 2(b), but no fee is levied. For other specific countries where
products may be approved for sale, certification of testing and release from the home
country of the manufacturer is required before the product batch is considered for
commercialisation in the second country. For certain countries, repeat testing of any
batch of DP submitted for commercial sale will be carried out by the respective
authorities in that country, as part of the marketing authorisation when granted.

In most cases, the release authorities in a country carry out testing in accordance
with the licensed testing procedures. This may go to extremes where, for example,
even specific strains of mice are imported for the potency release testing of BoONT
products. However, there are specific examples where a release authority may per-
form their own tests or even experimental tests as part of their release procedure.
Those authorities maintain a rigid right to independent testing, to the extent that even
the format and results from such tests are not revealed to the manufacturer. This
has often been considered as unreasonable by manufacturers (and even other release
authorities) to the extent that debate has often occurred on the reasonableness of such
an approach. Changes have not, however, been brought about.

2.3 The Production Organism

2.3.1 Key Aspects

Clostridium botulinum is an obligate, spore-forming anaerobe, a gram-positive bacil-
lus that is ubiquitous in nature. The nature of the bacterium leads to three distinct
aspects that must be dealt with for the production of clinical material to occur
successfully.
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Firstly, the anaerobic requirements mean that oxygen must be excluded from the
first stages of the production system, when the bacteria are grown in a fermenter or a
glass vessel. A fermenter is the preferred usual choice in these cases, since this may
be steam sterilised under pressure and fully validated in accordance with modern
regulatory requirements and cGMP. The culture media employed generally include
a reducing agent to aid this anaerobic requirement, and additional nitrogen may be
used as an overlay. During growth, the bacteria produce several volatile acids that
help to maintain an anaerobic environment and give the characteristic odour of a
fermenting culture!

Secondly, the production of toxin progresses from the first stages of growth [37],
only recently reported for a strain used in a clinical product process [38]. Suitable
precautions to ensure that the culture fluids are appropriately contained and handled
correctly, to prevent contamination of the environment or the operators, are essential.
Gases evolving from the growth stages will build up pressure in the growth vessel
and therefore must be filtered before release to prevent bacterial aerosols escaping.

Finally, sporulation of the bacteria can occur at low levels during the growth stages,
but particularly in abundance as the bacterial life cycle ends and the bacteria die. A
high spore count in the final stages of the fermentation is inevitable [39]-[41]. Non-
sporulating mutants of type A or B strains have not been reported but new mutants
with reduced sporulation have recently been generated; these also have reduced
BoNT production [42], indicating the two processes may be linked genetically. The
absence of spores has been reported for one production strain, but this may simply
be due to the fermentation conditions, including the medium, employed [43]. Stages
therefore need to be added to the manufacturing process to ensure that no spores are
present in the final active BoNT DS used for clinical product, usually by filtration.
The spores are highly resistant to heat and radiation and the use of these techniques
is not possible.

The nutritional growth requirements of C. botulinum are not known in detail.
Perhaps one of the most comprehensive reviews of growth and toxin production
was described in a series of papers in the late 1950s and early 1960s by Bonventre
and Kemp [37], [44]-[46]. Complex growth media are therefore used. As these can
originate from plant and/or animal sources, the provenance must be established before
use. Only certified sources of animal materials that are free from adventitious agents
must be used. Even plant material derivatives can be processed by the suppliers using
enzymes of animal origin and so careful investigation of the sources and the processes
used for the materials is essential before purchase. One BoNT manufacturing process
described for clinical material, essentially the original Botox® process, has used no
materials of animal origin [47]. Inevitably, BONT product manufacturers closely
guard the finer details of their processes, especially production conditions used, as
their intellectual property and know-how. There is certainly evidence to suggest that
the process described by Schantz and Johnson [47] has now changed [48].
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2.3.2 Strains Used

The type A BoNT production strains are all from the original collections of Professor
Ivan Clifford Hall, a distinguished and enigmatic anaerobe specialist and epidemi-
ologist of botulism food poisoning, amongst several of his specialities. Hall worked
in the first half of the 1900s and collected many strains of C. botulinum from all over
the USA. For an unknown reason(s), many BoNT type A production strains became
known as ‘the Hall strain’, which is inaccurate [49]. Hall was known to have several
type A strains in his collection, even in the earliest days of his work [50]. Despite
this, one manufacturer has recently stated that type A products are from the same
strain [51], which is again inaccurate [20]. In fact, recent genetic analysis of type A
strains, including clinical product strains, has shown them to be clearly distinct from
each other [52].

Detailed genetic analysis of the neurotoxin gene within the Allergan production
strain has been published [53], [54] and complete genome sequencing of another
strain, designated ATCC 3502 and as used by Merz [51], has been available for
several years [55]. The exact strains used by Ipsen and MedyTox have not been
published, other than being described as ‘a Hall strain’ [34], [56]. The neurotoxin
sequence of the strain used for the production of BTXA by Lanzhou Institute for
Biological Products has also been published [57].

The BoNT type B production strain used is designated the Bean strain. The pro-
duction method was originally described in detail by Siegel and Metzger [58], which
was updated for the clinical product by Setler 20 years later [59].

To date, only BoNT serotypes A and B have been made available for clinical
uses. Other serotypes have been tested in man [60]-[64], but none have yet become
commercial products and have progressed no further than proof-of-principle tests
in man.

2.4 The Critical Mixture of Safety and Good
Manufacturing Practice

There are two main challenges that override the manufacturing processes for clinical
BoNT production.

The keyword to drive the processes is ‘containment’. Due to the high potency
of BoNT and the sporulation abilities of the production organism, a detailed but
risk-based approach to safe operation must be taken to protect both the operators
and the environment. The production environments will normally be high-grade
rooms with special air-handling systems and these must not become contaminated
or lengthy decontamination procedures will need to be followed that ensure (and are
validated to ensure) the elimination of any spores, bacteria and BoNT—all of which
must be considered separately. Only limited data are available on, for example, the
persistence of BoNT after decontamination of surfaces [65]. Information on typical
methods of decontamination by formaldehyde or other fumigants is also available
and useful [66], [67].
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Coupled with the safety aspects, manufacture must proceed in accordance with
the cGMP requirements of the national or regional licensing authorities from whom
marketing authorisations are sought for the products. These are laid down in detail and
few, if any, exceptions are granted by the authorities because of the nature of either the
product or the organism. This is especially the case since the current manufacturers
have been compliant with these standards for many years, firmly setting the quality
goals that any new manufacturer must meet for market entry.

The safety and containment requirements for facilities handling human pathogens
such as C. botulinum are defined in three documents which are widely available as
the basis for the standards. These are from the World Health Organisation [68], the
United States Health and Human Services (HHS; Center for Disease Control and
Prevention, CDC) [69] and the United Kingdom Health and Safety Executive Advi-
sory Committee on Dangerous Pathogens [70]. Each of these contains descriptions
of the standards to be applied. Within each country, different organisations will also
be involved in the legislative and standards process—for example, CDC is the branch
of the HHS responsible for both C. botulinum and, separately, for work with BoNT,
including handling, storage and shipping. Amounts of BoNT up to 0.5 mg are not
regulated under current US legislation (see Code of Federal Regulations 42CFR73.3
((D3))).

The C. botulinum organism is currently considered in somewhat different ways
by different countries. In the USA, BoNT (the toxin and not the producing organism)
is one of six Category A Bioterrorism Agents defined by CDC. The definition of such
an agent is as follows [71]:

High-priority agents include organisms that pose a risk to national security
because they

* Can be easily disseminated or transmitted from person to person;

* Result in high mortality rates and have the potential for major public health
impact;

e Might cause public panic and social disruption and

* Require special action for public health preparedness.

Both BoNT and the bacterium are however included on the select agent list in the
USA [72] and in 42CFR 73.3. A detailed publication on what is required for the
security of such agents has been prepared by both CDC and the US Department of
Agriculture [73] and describes all aspects of a facility security policy and procedure,
from personnel access to chain of custody requirements. These are additional to the
other biosecurity measures that have to be taken for safe handling and processing,
as described earlier.

In the UK, C. botulinum (not BoNT) is defined as a hazard group 2 biological
agent whereas, in contrast, Bacillus anthracis is in hazard group 3 [74]. The list
also indicates that a vaccine is available, but vaccination of individuals involved
with the organism also has potential risks associated with the vaccine itself. In fact,
the only commonly available vaccine has been withdrawn from use mainly due to
efficacy issues [75]. New generation BoNT vaccines are being actively developed
[76], [77]. Detailed risk assessments on vaccination are therefore called for before
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its adoption as a standard procedure in the production environment. Availability of a
suitable vaccine remains a key issue if any company risk assessments indicate that
vaccination is a vital part of their production strategies.

To meet these dual requirements, manufacturers generally can adopt two ap-
proaches. Firstly, mainly due to the significant quantities of BONT being handled
and the high concentrations of the production organisms, which are quite unlike
those found in a normal pathology or microbiology environment such as a diagnos-
tic laboratory, manufacturers can uprate the pathogen-handling categorisation for
their facilities to the next level or higher. This enables a high degree of re-assurance
that handling of the organism and toxin is under the strictest containment proce-
dures. Secondly, an increase in the categorisation means that the work should be
performed in class III microbiological safety cabinets, which are fully contained,
negative pressure units with glove-port access only (Fig. 2.1). The exhaust air from
these cabinets is then high-efficiency particulate arrestant (HEPA) filtered through
monitored and tested specific grades of filter specifically for environmental protec-
tion. Occasionally, pictures of these production cabinets from manufacturers are
shown at presentations in symposia or in their product literature, but, apart from
these, nothing else is published about the technology involved.

2.5 The Production Processes

There are many references to procedures and processes for the manufacture of BONT,
covering several decades (see, for example, [47], [78]-[81]), but until the 1990s,
these of course did not focus on (or even envisage) any clinical uses and hence
clinical quality of product. Nevertheless, these original processes formed the basis
for clinical product manufacture that subsequently occurred.

2.5.1 Botox® Family

The only detailed publication that describes manufacture of clinical products is that
of Schantz and Johnson, in the early 1990s [47]. As the originators of Oculinum®
(later to become Botox®), they published in detail the exact process used for the man-
ufacture of DS at that time (Fig. 2.2), which, as described, was based on the original
method of Duff and colleagues [82], [83]. In particular, the method described was
that used for DS batch 79-11, made in November 1979. This batch was critical in
the clinical trials for the product and, subsequently, for the launch of commercial
product. The batch lasted for many years after manufacture and was distributed as
Botox® by Allergan until 1997 [84] (approval by FDA of alternative DS) or later
in other markets outside the USA. This was despite the fact that batch 79-11 was
reported as losing potency over the nearly 20 years since manufacture [47]! The pro-
cess was ‘classical’, involving the original first stage of BoNT precipitation with an
acidification step, followed by several stages with salt solution, ethanol precipitation
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Fig. 2.1 Schematic drawing of class III microbiological safety cabinet used for manipulation of
high-potency/volume BoNT-containing materials

and crystallisation in the presence of ammonium sulphate [47]. A clear specifica-
tion for the DS was established (Table 2.1), as they described [47]. Interestingly,
the specification included a measurement of the amount of residual nucleic acids
present, as a proportion of the protein obtained (expressed as an Ajgp:Asgo ratio),
which indicated that these were considered contaminants at that time. The DP was
stabilised with human serum albumin (HSA) in a formulation that was intended to
be physiological in properties, with sodium chloride as the second component [47].

Some years later, in 2008, a further paper—this time published by Allergan—
claimed that the method was still used to manufacture the Botox® DS [85],
[86]. However, in between times, an inspection report of an Allergan-contracted
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Production Scheme for Oculinum / Botox
Batch 79-11 (200mg)

Clostridium botulinum
HALL Strain

Seed Culture
(500mL) 37°C

Multiples

2% Hydrolised casein

1% Yeast Extract
0.5% Dextrose

Main Culture
(12 - 16L) 37°C
{Carboy)

Combine
Multiple

Cultures

‘Wash Precipitate with water

Extract Toxin
1AM HaCl pH 6.5-6.8

Extract Toxin
0.05M Phosphate pH 6.8

Reprecipitate
15% Alcohol minus 5°C

Dissolution
Sodium Phosphate pH 6.8

Crystallisation
Ammonium Sulphate 0.9M
1to 2 weeks #°C

Recrystallise
and store in mother liquor
0.05M sodium phosphate pH 6.8
0.9M Ammonium Sulphate
4°C or minus 20°C

Fig. 2.2 Production scheme employed for manufacture of Oculinum®/Botox® batch 79-11, the
original product first licensed in the USA in 1989. (Scheme based on details in reference [44])
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Table 2.1 Drug substance (bulk active BoNT) specification for original Oculinum®/Botox® pro-
duced by Edward Schantz for initial clinical trials and subsequent product licensure. (Based on
reference [47])

Product parameter Specification
Strain Hall
Absorbance (in 0.05 M sodium phosphate buffer pH 6.8) Maximum at 278 nm
A260/A278 nm ratio 0.6 or less
Specific toxicity (mouse potency) 3 x 107 420 % mouse LDs, per mg
Extinction coefficient (absorbance) 1 mg per ml toxin in 1.65
1 cm light path

establishment [87] indicated that the process had changed in various aspects from
the original Schantz and Johnson [47] method and this was raised in the follow-up
correspondence [48]. No direct response was received to these questions and the
subject has not been addressed since. Although Allergan produced DS at this con-
tractor for a time, the current production of DS is believed to take place in Irvine,
Orange County, CA with finished DP originating from the Allergan Westport facility,
in Ireland—as noted on the labelling in most countries for the product family.

2.5.2 Dysport® Family

Two papers have summarised how the Dysport® family of DP are manufactured
[34], [88]. The process is described as ‘precipitation, column chromatography and
dialysis’. The use of column chromatography in the Dysport® DS process was in fact
criticised by Schantz and Johnson in their main paper [47] as something that should
be avoided, but the Dysport® experience has shown and demonstrated the validity
of using such methods of production.

Many attempts have been made by authors in the past to cite a specific reference
[80] as describing how the Dysport® family of products is manufactured. However,
these attempts have been repeatedly criticised by the manufacturer (see, for example,
[89]). The publication cited was nearly 10 years before Dysport® was licensed as a
therapeutic product at the end of 1990. The errors in such claims have been detailed
[89]. A second publication [81] has recently been cited as again describing the
production process [51], but there are very few details therein, which only mention
an eight-stage process with 46 in-process and quality control tests using a 30-litre
stainless steel fermenter. There is no literature or other information to support if these
data are accurate for the Dysport® process today.

These incorrect citations have, in turn, led to errors in published product-specific
data, especially product characteristics, which has not been helpful to clinicians [89].
These errors have also included data on DP formulations [21]. Consequently, Pickett
and Perrow published in 2010 [90] a definitive description of the current BONT
formulations available in the market, with DS characteristics included (Table 2.2).
Regrettably, reviews are still being published, at the time of writing the present
chapter, that include erroneous product data [21], [91] and which do not even cite
the source of the data they used.
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Table 2.2 Characteristics of current major BoNT products. (©2012 Toxin Science Limited. Repr-
oduced with permission)

Production Uhvial Excipients
FrOMct strain PIOCESS | prstgest| (i vial)

Fermentation
Dysport® Hall Disis 300/500  HSA Lactose

Chromatography sU 125u9 25mg

Fermentation H s A

Azzalure® Hall Dialysis 125 sU Lactose
Chromatography 125u9 25mg

Fermentation

Allergan Precipitation 100/200 B HSA  NaCl

Botox® ‘
“hy per' “Crystallisation” 500ug  0.9mg

. ® Fermentation
Vlgtabel & Allergar] dien 50V HSA NaCl
Vistabex® “hyper’ “Crystalisation” 500ug  0.9mg

Xeomin® Hall [Unpublished]  100/200X ~FSA Sucrose
img  Smg

Bocouture® Hall [Unpublished] ~ 508  MISA Sucrose

img  Smg

2.5.3 Xeomin® Family

No publication exists to describe the manufacture of the Xeomin® product family.
Even a recent publication, claiming in the title to consider manufacturing of the
product, does not [92]. As for the facilities and equipment used, limited data have
been presented in congresses on the manufacturing process and this seems to follow
other processes used previously for purified BoNT. In addition, data included in patent
applications by the scientists who developed the product have contributed towards
the process data available [93]. This source is, however, somewhat restrictive and
not mainstream for clinicians seeking further information on this product family.
Repeated requests have been made for such data to be published and hence made
available to the clinical community, but this has not yet happened.



2 Botulinum Toxin as a Clinical Product: Manufacture and Pharmacology 19

2.5.4 Myobloc®/Neurobloc®

There are publications available which describe how the type B BoNT product is
manufactured [59], [94], [95]. The process applied is similar to that for BONT type
A except that an additional stage of BoNT activation is required for full activity to
be obtained. [59], [95]-[97]

2.6 Consistency and Quality of Products

For clinicians to be able to judge the merits of the different products available, clear
and unequivocal product data need to be made readily available [21], [91]. Aspects
such as consistency of products manufactured over time, stability, biochemical char-
acteristics and potency are key to assist in the comparisons. Such data are, however,
very limited for reasons that are not entirely clear.

Because of the product licensing procedures and the subsequent DP quality re-
lease procedures by the licensing authorities, consistency of final products should
be inherent, or the products would not be available for marketing. These are facts.
However, data should be available to the clinical community in order to judge product
consistency for themselves.

2.6.1 The Initial Oculinum®/Botox® Issues

When Oculinum® was first licensed by the US FDA, all the product originated from
one batch of bulk toxin [47]. This batch was labelled as 79-11 being made in Novem-
ber 1979. The batch lasted for many years of commercial production and sales, but
was found to have significant issues about potency [47], [98]. Approximately 90 %
of each finished product vial was found to be inactive BoNT, material that had been
inactivated by the final stages of the manufacturing process for the vials [83], [98].
For patients, this meant that they were being given some ten times more BoNT-
related protein than needed to achieve the therapeutic effect. As a consequence,
many patients developed neutralising antibodies to BoNT protein, especially when
being treated with the higher doses used for conditions such as cervical dystonia
or stroke-related paralyses. This was recognised in the early 1990s [99]-[101]. In
addition, the treatment regimens at that time often used so-called booster injections,
where patients would be retreated after a short time interval (usually weeks) if their
initial response was not felt to be sufficient [102]. Up to 17 % of patients with cervical
dystonia were reported with these antibodies [103] and hence became refractory to
BoNT therapy. These data have been revised downwards more recently, based upon
long-term experience with the current Botox® product [104], [105]. Interestingly,
this issue did not seem to occur as much with patients outside the USA [83] as another
batch of Botox® DS was apparently used to supply those markets.
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These issues relating to the product were reported by the originators of the BONT
DS [47], [83], but not by Allergan. The originators also identified ways in which the
inactivation in the DP manufacturing process could be eliminated and proposed new
formulations that might be considered which retained almost the entire potency [98].

In the event, Allergan chose to replace the DS batch with a new designated BCB-
2024 [84]. New preclinical testing was carried out [84], followed by clinical studies
in cervical dystonia. Initial comments were that the new DS batch was of signifi-
cantly higher potency and caused side effects in patients, but later reports recorded
equivalence in efficacy and safety profiles with the original [ 106]-[108]. FDA finally
approved the new DS in 1997 [84]. There was no change in the formulation com-
position of the DP, but no details have ever been made available as to whether the
actual DP process was changed or not, in line with the recommendations from the
originators of the product [83], [98].

These initial issues with Botox®, effectively a significant inconsistency of the
product to yield consistent clinical results over time, have not occurred again. Aller-
gan have only published limited analytical data on the later and current DS materials
used [48], [85], [86], but have offered no reassurances to the clinical community
that such issues will not occur again. Allergan does, however, appear to continue to
focus on the science related to neutralising antibody formation [109]-[111] and has
recently published a meta-analysis on the use of Botox® in various clinical indica-
tions, which demonstrates an overall low level of antibody response to the product
when used in various clinical applications [105]. Today, the number of patients de-
veloping neutralising antibodies to the product is no greater than for any of the other
type A BoNT products [112].

2.6.2 Consistency of the Dysport® Product Family: The History
of Protein Load

In 2003, Ipsen made available the first data on the consistency of Dysport® over time
[113]. These data were published due to an argument that had developed between the
manufacturers as to how much toxin-related protein (both neurotoxin and complex-
related proteins) was there in a vial of each product. At that time, the Merz products
were not available and the debate was between Dysport® and Botox®.

Because of the number of patients who had developed antibodies to early BoNT
therapies, the subject of ‘protein load’ had emerged. Protein load was defined as
the amount of all toxin-related protein per vial of product—both neurotoxin and
complex-related proteins (but excluding the HSA excipient) and was represented in
nanograms. Giving a patient the least possible amount of toxin-related protein was
considered one way of minimising the potential for that patient to develop antibodies
and hence become ‘resistant’ to treatment [114].

One early reference had cited a predecessor product to Dysport® as containing
12.5 nanograms protein load per vial [ 115]. Conversely, the data available for Botox®
had indicated that this only contained 5 nanograms per vial [84], [108], [116]. The
argument was established.
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On review, the Stell reference [115] was found not to describe Dysport® and this
was documented several times by Ipsen scientists [34], [117], [118]. In evidence, they
produced in total four publications [34], [113], [117], [118], the last of which in 2008
[34] demonstrated a 15-year consistency of product data and only 4.35 nanograms
of toxin-related protein per vial. On a per treatment basis (taking into account the
potency unit differences), this meant that patients treated with Dysport® only received
40-50 % of the toxin-related protein that patients treated with Botox® were given.
The 2008 data also demonstrated DS consistency over the life of the product in
detail and reported biochemical properties including binding and enzymatic activity.
Overall, the product was shown to be of high consistency and quality, with a number
of DS batches being used throughout the product life cycle.

The consistency of Dysport® DP has also been demonstrated in a non-clinical
model of muscle force in the rat (the rat muscle force (RMF) model) [119]-[121].
The model, based on one reported earlier [122] and subsequently developed further
by Ipsen in conjunction with the University of Florida, is clinically relevant since
muscle force is temporarily weakened in a dose-dependent manner using doses that
are similar to those used in humans (on a per kilo basis). The data provided were
reproducible and useful as measures of consistency (Fig. 2.3). The model was used
to show consistency of Dysport® DS made in three different facilities. Unlike other
non-clinical animal models that have been used for BONT products, such as the digital
abduction scoring (DAS) method [84], [123], the RMF method used a quantitative,
non-subjective assessment of the effect of BoNT, in comparison with a placebo.

One further source of consistency data exists for the Dysport® family in the
publically available review reports from the FDA which have been made available
subsequent to product licence approval in the USA. In the clinical sections of these
reports, data are provided of a trial in humans with cervical dystonia which used
DS sourced from two different manufacturing sites (trial reference Y-97-52120-096
[124]). These are highly relevant consistency data since they originate from man.
The data show clearly that no differences in clinical response were found using
material from either source. Essentially, this demonstrates the robustness of the
DS manufacturing process, since transfer between manufacturing sites can be a
severe test of the reproducibility of any biological manufacturing process. An earlier
description of biological product manufacture used to be ‘the process defines the
product’, ashort way of saying how process-dependent biological products used to be.

As Botox® was licensed in the USA many years prior to Dysport®, no such
publically available data exist from FDA records. One publication has described the
licensing process for Botox® [125] and the somewhat abbreviated dossier that was
originally filed and approved.

2.6.3 The Xeomin® Family

No data exist in the public domain on the consistency of the Xeomin® product family.



22

Original Bulk
Toxin Facility 1

New Bulk Toxin
Facility 2

I

J

|

|

|

A. Pickett

J New bulk toxin

Control Original bulk Original bulk Original bulk
(n=25") toxin reference | | toxin reference | | toxin reference Batch | Batch I Batchlll | | Batchlv | [EEEINS Batch V refeference
on vs. ion vs. vs. (n=16") (n=16) (n=161) (n=181) (n=161) (n=18") preparation*
Batch | Batches Il & Ill Batches IV &V vs. Batch VI
(n=8") (n=8") (n=181) (n=16")
Gelatine 0.1 units 1.0 unit 0.1 units 1.0 unit 0.1 units 1.0 unit
phosphate injected injected injected injected injected injected
buffer
0.1mi)
*0f the 25 rats given control material, eight rats were from Study 1, nine were from Study 2 and eight were from Study 3.
50% of rats given each batch were injected with 0.1 units, the other 50% were injected with 1.0 unit.
a The new reference preparation is the same as Batch V from Study 2, which was licensed for commercial use prior to commencement of Study 3.
140
Peak paralysis*
—— Control
120 —e— 0.1 units of Dysportm
—a— 0.5 units of Dysport”
100 —¥— 1.0 unit of Dyspor1®
9 —4— 2.0 units of Dysport®
S .
b —=— 3.0 units of Dysport®
o 80
o
2
L}
% 60
=}
=
40
20
0 1
10 20 30 40 50 60 70 80
b Time (days)
60
50 :
[
o 40
L
S
=
= 30
u—
o
t
g 20 \
S
S ) 4
o
10
0 ‘ ‘ ‘ ‘ ‘
0 0.5 1 1.5 2 25 3

Cc

Dose (units of Dysport)

Fig. 2.3 Use of the rat muscle force (RMF) model for the assessment, characterisation and
comparison of clinical batches of Dysport® botulinum toxin type A. a Detailed schematic dia-
gram of how the product batches from different manufacturing sources were tested using the method.
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A useful publication, providing detailed non-clinical data and characteristics, was
made available early on in the product’s life (when the product was still known by
the Merz compound number NT201) [126]. This did not, however, provide DS or
DP consistency data.

Unusually, one clinical paper exists which discusses what might be an early
inconsistency of Xeomin® in clinical use [127], which was further tested by the
reporters in additional clinical studies of glabellar line treatment. No continuing
problems were identified and the original issues identified were not repeated.

2.7 Stability of BoNT Products

The subject of stability of the BoNT products has evolved since the products were
first licensed. Table 2.3 shows the licensed storage conditions that are granted now,
for the three main product families.

2.7.1 Shelf-Life Storage

Originally, Botox® had to be stored below — 5 °C whereas Dysport has always been
maintained at refrigerator temperatures of 2—8 °C. Botox® now has a mixed set of
storage conditions, either below — 5 °C or at 2-8 °C. Xeomin storage is below 25 °C
and this has not changed since the product was first licensed. For biological products,
the duration of shelf-life storage for Botox® and Dysport® has increased until the
maximum of 3 years and 2 years, respectively. Of 67 biologics examined recently
for length of shelf life, licensed over an 18-year period, none had a shelf life longer
than 3 years [128].

Since first arriving on the market, Merz has made much of the elevated storage
temperature of Xeomin® and has published storage stability data several times [129],
[130]. In different publications (see, for example, [130]), storage for short periods at
temperatures up to 60 °C has been reported. The stability of the product is excellent
under such conditions. Why? The Xeomin® family has the highest concentration of
HSA excipient per vial (Table 2.2), eight times that found in Dysport® and twice that
of Botox®. HSA is an exceptionally stable human protein. The HSA-manufacturing
process has always included a step of heating at 60 °C for 10 hours as one of the viral

b RMF generation results from a study to identify suitable doses for future studies in the model.
The period of peak paralysis is represented by the band of shading. In this case, peak paralysis is
defined according to specified acceptance criteria (days 2—15). The 0.1 unit dose was used to assess
duration of effect. When muscle force generation returned to 100 %, no further measurements were
made. ¢ Dose-response relationship for Dysport® product batches tested in the RMF model. Peak
paralysis response values highlighted in (b) were used. (Reprinted from Pickett A, O’Keeffe R,
Judge A, Dodd S (2008) The in vivo rat muscle force model is a reliable and clinically relevant test
of consistency among botulinum toxin preparations. Toxicon 52(3):455-464, Copyright (2008),
with permission from Elsevier)
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Table 2.3 Current storage conditions licensed for the different BONT product families in major
regions of the world. (Data taken directly from the official information provided by each regulatory
authority web sites or official product web sites in each region)

Product® EU USA Japan Australia
Dysport® (300 and 2 years at 2-8 °C 12 months at N/A 2 years at
500 Speywood 2-8 °C; protect 2-8°C
units) from light
Azzalure® (125 2 years at 2-8°C N/A N/A N/A
Speywood units)
Botox® (50, 100 3 years at 2-8 °C 3 years at 2-8 °C Below 5°C 2 years at
and 200 units) or at/below (100 units) or 2 (stability data 2-8°C
—-5°C years at 2-8 °C for 50 and 100 (200
(200 units) unit sizes is units) or
provided for 2 3 years
years) (100
units)
Botox® Cosmetic 3 years at 2-8°C 3 years at 2-8 °C Below 5°C (Botox N/A
(50 and 100 (Vistabel®/ (Botox® Vista®)
units)/Vistabel®/ Vistabex®) Cosmetic)
Vistabex® (50
units)/Botox
Vista® (50 units)
Xeomin® (50 and 4 years at 25°Cor  Up to 3 years at N/A N/A
100 units) below (100 room
units) 3 years at temperature
25°C or below 20-25°C
(50 units) (68-77 °F), in a
refrigerator at
2-8°C

(36-46°F), or a
freezer at — 20

to —10°C(—4
to 14 °F).
Bocouture® 3 years at less than N/A N/A N/A
or equal to 25 °C
Myobloc®/ 3years at 2-8°C;  3yearsat2-8°C;  N/A N/A
Neurobloc® protect from protect from
light light

N/A product not available in that country
#Not every product unit size is available in every country

inactivation stages used to provide assurance of freedom from human adventitious
agents [131]. The higher HSA concentration in Xeomin® may, therefore, confer
high temperature stability for the product, probably acting as a protecting protein or
similar. No explanations have been forwarded by Merz for this effect. The standard
storage conditions of the Xeomin® family, at less than 25 °C (perhaps less than 30 °C
in some countries, such as Brazil), cover many shipping conditions, but in higher
temperature climates and summer conditions this will be exceeded, necessitating
shipping under controlled temperature conditions, as for the other BoNT products.
The higher storage temperature for Xeomin® does mean that refrigeration is not
required by most pharmacies for the product.
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Certain of the newer low-unit formulations, such as Azzalure® or Vistabel®, have
the shelf life of their parent. As each product has been submitted for licensing,
individual stability data also have to be submitted to the regulatory authorities for
their review and approval. In cases where the shelf life is shorter than the parent
product, this is likely due to the new product only having stability data to support
the initial shelf life at the time of licensing. This does not mean the new product is
‘less stable’ or of ‘lower quality’ than the parent and no such conclusions should be
drawn. In due course, these shelf lives will be extended.

2.7.2 Reconstitution Stability

The stability of the BoNT products after reconstitution, using the recommended
diluent of sterile 0.9 % sodium chloride, has also been an area of commercial com-
petition. The post-reconstitution time is variable depending on the requirements of
the individual licensing authorities. Details of several licensed conditions are shown
in Table 2.4.

As more data have been generated by the manufacturers, they have been able
to gain extensions to post-reconstitution storage conditions until now when the
maximum post-reconstitution storage time has been reached in the various markets.

Clinicians regularly ask the manufacturers to supply information on reconstitution
stability. In many cases, especially in the aesthetic world, a long reconstitution
time is sought, beyond that stated in the standard supplied product information.
The manufacturers have only been able to supply limited information, basically re-
stating what conditions have been approved by the licensing authorities occasionally
supplemented by small additional studies that they have performed to provide data
if, for example, excursions in storage condition occur. Consequently, clinicians
have performed numerous studies of their own to look at, for example, extended
reconstitution times or even alternative diluents. These studies have provided valuable
data for the clinical community and should be taken into account in any discussions
relating to the individual products. A summary of such studies is provided in Tables
2.5 and 2.6.

These studies have, importantly, looked at maintenance of clinical effects after
long-term reconstitution, together with the microbial content (that is, sterility) of the
reconstituted product—one of the main risks, since the products are essentially a
protein-rich medium (with their content of HSA) for microbial growth after recon-
stitution. Typically, the studies by Hexsel and co-workers on Dysport® [132] and
Yang and colleagues on Botox® [133] have been significant contributors to data on
reconstituted products.
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Table2.4 Current reconstitution storage conditions licensed for the different BONT product families
available in different regions of the world

Product EU USA Japan Australia
Dysport® Upto8hat2-8°C Upto4hat2-8°C N/A Upto8hat
following following 2-8°C
reconstitution reconstitution; following
protect from reconsti-
light tution
Azzalure® Upto4hat2-8°C N/A N/A N/A
following
reconstitution
Botox® Upto24hat Upto24hat Use immediately  Up to24h
2-8°C 2-8°C at 2-8°C
following following following
reconstitution reconstitution reconsti-
tution
Botox® Cosmetic/ Upto4hat2-8°C Upto24hat Use immediately  N/A
Vistabel®/ following 2-8°C (Botox Vista®)
Vistabex®/Botox reconstitution following
Vista® (Vistabel®/ reconstitution
Vistabex®) (Botox®
Cosmetic)
Xeomin® Up to24hat Upto24hat N/A N/A
2-8°C 2-8°C
following following
reconstitution reconstitution
Bocouture® Up to 24h at N/A N/A N/A
2-8°C
following
reconstitution
Myobloc®/ If diluted, use If diluted, upto4h  N/A N/A
Neurobloc® immediately at 2-8°C;
protect from
light

Reconstitution conditions often state that from a microbiological point of view, the product should
be used immediately after reconstitution
N/A Product not available in that country

2.8 New Product Formulations

The current BoNT product formulations have existed, for the main products, for
more than 20 years. In that time, they have changed in no respect. They have shown
themselves to be stable (see above), convenient for use and excellent for patient treat-
ments. The number of reports of patients developing adverse responses immediately
or shortly after injection is limited, taking into account the usage of the products
across the world now [134]. Only recently, with the advent of aesthetic uses, have
alternative versions become available, but these have only reduced the number of
BoNT units per vial and not altered the formulation in other ways. Higher potency
preparations of Botox®, at 200 units/vial, have also been made available recently,
but no similar increase for Dysport® has been marketed.



27

2 Botulinum Toxin as a Clinical Product: Manufacture and Pharmacology

syoom g1 03 dn

10§ ¥ 2d4) urxoj wnurnjoq
PAMNSU0AI paAresaidun
SurI10)S Y)IM PAJEIOOSSE
Sem UOTBUTWIEIUOD

[e)08q ON "3e10)s UOTJRUIWBIUOD [BIGOIOTIL 31qqe1 Ay} Jo
JO S)o9M T 19)JB QWIOWOS pue ($199JJ9 UONONPUOd Q[osnui Je[noLme q°d
PaJodJe ST UOnI. JO QAISU JO uonEINp Ay ur Apnys ‘uayo)d "M M
uoneInp ay) nq Aouajod £q) uonoe jo uoneInp [ensIA pue J130] ‘OJOWLIOIN "3
[enIur QuIes Ay} sey ‘Koudjod 10§ syeam -o1sAydonoore g ‘Prus 'y
v 2d4£) urxo) wnuinoq 21 01 dn uonnnsuodax ue 1y 2dA) urxoy ‘eInzey-zIny
PaI01s puEB PaymIISu0Il 19)JB UQZO0IJ PaI0)s 9ZrT—61+C (L) wnuInjoq paiols d ‘uekeys
JBY) SWAIS J1 ‘[opout J1qqel IO PaIMINSU0IDI ATYSOI] qurpes ITT ¢€00T Sms puE pAJMINSU0IAI ~d rysneyy
Q) SuIsn ‘UoISN[OUOd U] JAYIIS 3onpold JO JUSWISSASSY  [BULION TSUOOY ISBd gXOlOg Jo Aoeoyyg €00T 'V N ‘logef
(91:0=4d) y9 10§
10U Inq ‘(L00"0 = d) smoy
71 10J 93e10)S J0jeIaT1IJoI
I9)Je u29s sem Aoudjod
ur uorjepeI3op JuedYIugIs a3e10)s
A[eansnes “(1000°0 > d) s Kdusiod
10JB[ SQ9M T PoAESSe udy) Syoom ul uonepeIsop
pue ‘u9zoij A[ejerpauruut 7 10J paI0)s pue UdZoJy or1-6¢1 “(2) ((x0109) v 2d£Ky
pAINITISUOII SEM A[91BIpaWWI ‘pIN1ISu0dx 801 ‘€661 SIS urxo) wnurnjoq
X0)Og UM punoj sem jonpoud jo Aoudjod quies Yo9N peoH Jjo uoneredard ‘L 'H ‘uewjjoHq
Kousyod ur ssoy 9, 8°69 8" " 9SNOW JO JUSWRINSBA[N  [BULION ‘[oSukre[0})  gxolog aur(eIsLi) €661 ‘D N ‘UB[IRD
LSuoIsn[OUoD) Arewrung  juan[iq 0UAIRJRY  1onpoid L Te9x sioyny

s1eaA () Ised oY) J9A0 PI)Se) SIUAN[IP PUB SUOTIIPUOD JO dFUeI
© Moys sarfrure] Jonpoid JNOg JUIJIP 2} J0J SUONIPUOD SNOLIBA IIPUN (SJUSWISSISSE [EOIUI[O-UOU [)im pauriofrad) sarpns Ai[iqels uonmnsuoddy S+ dqeL



A. Pickett

28

UOTIMISUOIAI JA)JE SYooMm
[ 1se9[ 1® J0J Jes sieadde
UIxo0) Wnurnjoq Jo asnax
juonbasqns pue o3e101g
‘Touuosiad odnnu

£q srera yons jo Surpuey
I0)Je pue ‘S[BIA 9SO} WOIJ
uomnnjos JO UOIORIIX-21
[eLI9S I9)JE USAD SJUIUOD

AU} JO UOTIBRUIWIEBIUOD UONBUIWERIUOD JO IOUIPIAD uone[nuIs
[®IQOIOIW UT }[NSal ou ‘A[[eor3o[orqoronu aAnoadsoxd
JOU S0P UIX0} WNUI[N}oq P1s9) S[BIA pug "pasn B IS[BIA UIX0JOXd ALy
PaIMITISU0I21 SUTUTBIUOD S[eIA /7] JO [BI0], "Syoom quryes SLT-TLT V wnuinoq g YM Y
S[BIA UOTIBDIPAU JO £ 01 dn J0j 9sn yeadar uayp oness 1(2) SS $900T osn odnnuw jo ‘[ ‘QuUoIM 'S
93e103s 10JRI93 LIl QUIINOY PUE S[BIA JO UONMINSUOISY  -OLIDJORY  WLQ(] PROY WY [ oX0)og  JUSWSSISSE AN[LISNG 9007 'S ‘00X ‘N ‘wery
uoneordde
910Jaq SyIoM
QATINOISUOD XIS 0}
dn paymmsuosar
v odKy
S[eIA U} [e1A Aue urxo) wnurnoq
Suruado 10)je A[reroadse Ul pajoe)ap UOTJRUTWIRIUOD yIm suonodafur Y ‘Terewry
‘PaAIasqo 2q Y 2dAy oN ‘Suruado Jo Koeoyje op eprowy "'
Urxo0) Wnuinjoq jo a3e1os A[[nJ 19138 SuIpn[oul syoom y jo Apmys ‘19)SIOWIY 7,
pue Sunnyip ur suonnedard G 29 71 10J PaI10ISs S[BIA JO €78 put[q-a[qnop ‘1 ‘onse)
Ay} [[® ey} POPUAWIIOII SIsATeue [e9130[01qOIoTI quryes 1(S) 0€ 400T REIlERIN A 9p IeOUd[Y
SI 1 ‘SSO[AULIDAIN uo uodar Joug [BULION ‘SIng ‘oW X0log ‘[© 19 ‘[9SXoH 9y 00T ‘N "d ‘[9SXeH
LSuoIsnN[ou0) Arewruing Juenyig QOURIRJOY  1onpoid AL Teox sioyny

(Ponunuod) §°z AQEL



29

2 Botulinum Toxin as a Clinical Product: Manufacture and Pharmacology

uoneorqnd woiy suonejonb wneqIoa se pejussald suorsnjouo)
(ToYooe [AZUdq 9 6'() SUTRIUOD) duI[es JUIUTEIUO0I-IANBATASaId/pasIasald se aulfes O1jeISOLIoOBq PUR JUI[ES 92IJ-0ATJAIaSAId Se 0] PAIIJAI UQ)JO ST QUIES [RULION

4 ¢ 03 dn 10§ samjeradua)
woo1 0) pasodxa uraq
ndsap 9[119)s urewax
9[110q 2y} JO SIUAUOD Y}
‘Urxo) wnuinjoq jo asn
Ay} SuLmp pamoj[oj aIe
suonnesaxd ondase j1 ey
$3sa33ns Apms joqid sty [,
SyIuOW ¢ Je oINonInsenn
QAIQU UO UIXO)
Pa103S pue YsaIj JO SI09L
AU} U2IMI0q QOUAIILIP
JuedyTuSIS OU ST
Q19U “IOAIMOY " * * "UIXO}
[SOIJ Y} UBY) 9IOAS
SSO[ SI J1 JO JOI[Je UINjol
0] PaMIEB]S SBY| S9[osnu ay)
ur sa3ueyo orydone pasn
SeM UTXO0) PAIOIS Uaym
IOAOMOH 199139 JO JSUO
A} JE ‘SY99M T IO UIX0)
P2I0)S pUE PAIMISUOIAI

P919910p UOTIBUTIIEIUOD
[BIQOISIW ON "D §—€

Je sAep G 10J uoneragLyal
Ia)Je pue 4 10§
amjerodwe) wWooi je paIo)s
PUB S)MTISUOIAI S[BIA

uono3fur 198 syoam 7|
10 sAep G PUTWIEXd dAIU
JI0JOW PUE J[OSNJA] SIS

(urres
[ewIou
A1qeqoid)

JO JUQWISSASSE [BOIS0[0IqOIOI  payroadsun)

Jrpo ur

asn SuIMO[[0] UTX0)

wnuI[njoq jo s[era
ur )Mo [eIqOIdTIA

L66-566 (L) 1T
*L00T (puoT) 2Ag  glodsAq

Apms o1dossororu

£00C 'V ‘Keljq ‘[ ‘UOUSIA

BA

ATYsa1y usamiaq Ie[noLne JOLIuE Ojul uonde ‘n3oroyeg Y

QOUQIRJJIP JUBOYIUSIS S)IM T 10J D, ¥ I8 PaI0)s ue :aImonnsenn ‘N1z0D) "X ‘1zId)seyq

OU ST 3191 1BY) PI[BIAX pue paImIsuodax Jonpoid QAISU pue “H ‘Iunse)

uonoaur urxo) wNUIMoq 10 3onpoid pajnInsuodal E91¢€ J[osNW UO Y UIX0) ‘d ‘uesoprg

I9)Je S2INONINS AU A[ysa1j ‘auIes Ioyire aurpes ((€) 65 :L00T wnuinoq palols 'S “Ioouny,
pUR S[OSNW UI SUONRIAY  Ym pajoalur syiqqer uo Apmg [euLION -3Ing ‘1se[d uuy @X010g pue ysaij Jo 19954 L00T S ‘ueyAy D ‘sewq
LSUOISN[OU0) Arewruing juen(ig QOURIRJY  1onpoid QNILL Teox s1oyny

(Panunuod) §°g AIqEL



A. Pickett

30

jueoyTU3IS

A[[eorur[o pue A[[eonsness
ST QOUQIQJIP AT, "uonoafur
JO o} 9y} Je 1I0JWOISIP
juanjed asearoap

A[poyIew ued auIfes
Sururejuod-oaneArasard
)M UIXO0)

wnuInIoq Jo UoNMIsuodRy

pajou sem sdnoid usamiaq
QOURIRYJIP [BONISIIE)S

ou pue ‘Y . pareraduyar
10 U9ZOIJaI Jim paredwod
X9 ysely woij Sunnsar

Apms

QoeJ-[dS eaneArasard
[0YOJ[e [AZU2q 1M JUI[es
% 6°() 10 (PIPUAWIIOIAT)
Qules % 6°(0 oI

Sursn uoym uonoafur

Jo ured uo sjuowIssasse
[eorur[d 9andadsonar

pue (papur[q) 2ansadsoiq

uonNISuodAL
I9ye s)j2aM T 10) (Dot +)
parerasdtiyar 10 (D07 —)
uazojal sem Jey) X 1.9 Jo
199139 9y yIim paredwiod
X.Ld paimnsuodar A[ysaly
Jo uonoafur Surmoroy
(stsATered juoorad)
opmyrduwe osem-]y (GAH)

quryes
oness

Y16-01¢S

“(¥) 8€T *T00T
-0LIRJoRg  [OYRULId(T "YOIY

€5-6v:(D8Y

[e11) PO[[01IUO0D
paznuopuer
‘pPUIq-91qnop

© :9AneATesaId
oYM pue s
OpLIO[YD WNIPOS
O1UO0JOST JuIsn
PAMNSUOIAT
Urxojox9

VY wnuinoq

Jo uonoafur

X010g  UIIM PIIBIOOSSE UTe]

9SN 910J9q SYOM
7 10J pajeragdiijar
10 U9Z01jal

SIJI JT suewuny

ur Aoujod asof
jou seop Yy 2dK)

V Py S
200¢ [ I9A0Q N WelY

sisATexed oposnw oy SIAQIqQ WNIOYNSIP JOSUIXD durpes L1661 urxo}) wnuinjoq ‘0 Y ‘unnosy 'y
Ur 0UISIP OU A[[enuassg Ur SUI[OIP Y} JO AINSLIJN [eULION ‘A30[0maN  gX0j10g PAMNSUOITY L66T g 910D "y Y ‘doors
LSUOISN[OUOD) Kreurung Juan[Iq 0UIJY  Jonpoid apIL Teox sioyIny

sIeak G jsed 9y JOAO PIISI) SJUAN[IP PUB SUOTIIPUOD JO d3ueI B
moys ‘sarfiure) jonpoid JNOg JU2IJJIP dy) I0J SUONIPUOD SNOLIEA Iopun pauriofrad ‘(SJuawssasse [eIIUI[D Suipn[our) sarpnys AJ[IQeIS UoNMIsuoddy 97 IqeL



31

2 Botulinum Toxin as a Clinical Product: Manufacture and Pharmacology

uonoafur

[eL1) PI[[01IU0D
paziwopuer
‘pur|g-s[qnop
® roATjRATasaId

O J0JWOodSIp Juaned uonoafur uo ured payoaye qurpes y)im auifes 3uisn
asearoop Apueoyrusis ued JUAN[IP JI QUIULIAIOP 0) onels PaIN[Ip JoyMnJy W wery v Yy
g 2d4) urxo) wnurnjoq sour] orwreuAp 9oey roddn -0LI19)0Rq LL]8—SLS g 2d£y urxoy Ipury ‘g ‘Hemals
QN[Ip Iay)Ing 0} duI[es Jo Juounean aoej-yds pue :(9) 81 wnuInoq ym ‘T “9I00]A
Sururejuod-oaneArasaid Ul SI99JUNJOA G| Jo Apmis qurfes £€007 wIeg ured uonoafur 'S [ ‘1oA0(q
Jjoasn PazZIWwopuel ‘puI[q-a[qno(g [eWION ‘peOY Wy [ uruononpay €002 'S ‘OpIoqeT ueA
v odKy
jonpoid ay) jo Aouajod urxo0) wnuinoq ' ‘01N
3} J09JJ€ JOU S0P Wk Jo Kouoyod INEUURR )
Jo douasaxd oy ‘xojog Koeoyye yonpoid 1€£S-0¢€S Y} J09JJ& Jou S0P ‘Iq °A g ‘ounpey]
Sunnmnsuoodar uaym uo Sunfeys snoioJia auryes ((S) 62 ‘€007 uonNISU0dAI 'V ‘eprowy
JBY) SAIBISUOWAP [ONIE InQ JO JUQWISSASSE [BOTUI[D) [ewioN ‘3InG ‘[ojewg  gXolog Suump weod  €00¢ 9(J opepull],
uoneordde
210J2q SYoOM
9ATINOISUOD XIS O} ‘[ 19)SIaWY0d7,
suonoafur v-x 1.9 dn paymnsuooax y ‘oonzze
0) asuodsar o) douanpur v odKy TN “I9ISIOWYD7,
Aew ‘Tenprarpur Ajqeqoxd urxo} wnuinjoq 'O 'd ‘oneqon
AIE YOIyM ‘SI0J0BJ Y10 syeam 9 ym suonodofur 1A ‘BIRA[IS
*SSOUAATIORYJQ SIT SuIsO[ I9A0 paIMINISu0dal yonpoid Jo Koeoyyo v 1 ‘onse) o
JNOYIIM UOTINITISUODIAT I saurf Jefoqer3 62S—€CS yy Jo Apmys A ‘yosmoiny
10)j® SYooM 9 10J PeaI) SI99JUN[OA aurfes :(S) 62 4€00T put[q-o[qnop LV ‘eproui)y
01 dn parjdde oq Aew y-X.1.9 88 Jo Apnis purjq-e[qno [puoN  “3Ing [ojeweg  gXolog TOIUONINA  €00T A ' "d ‘ToSxeH
LSUOISN[OU0D) Arewrwung juan[Iq 0URIRJAY  Jonpoid L hi) sioyiny

(ponunuod) 97 AqeEL,



syoam § 03 dn 10}

SUOISEIJ0 7 U0 Sem FUIZaal)
Jo pourad oy ‘oouarradxe
1IN0 U] "$199JJ2 pIs

A. Pickett

(syoam g 03 dn 10§ SUOTSEIO0
2) onpoiad uazoiy Ajsnoraaxd

[EUOT}IPPE JO SSOUSATIOQJO IO PoOIMIISU0IAT ATYSOIJ 807-1+0T
JO sso[JuedYIUSIS OIS YIIM Pajean) A[uopuel “(0) SE1 BIUOISAp
B JNOYJIM USZOIJI IO UIZOI) eruoydsAp orpowseds 900 SIns [eaSuAre| 101
puE pAIMINISU0dAI Fureq 19)je J1010nppe YPIm sjuaned ¢f YOON PeoH X0)0q PAMISUOII *N ‘ouanysursdnig
pasn A[oges oq Aewr y-X1.g Jo Apmis 10a0sso1d [oqe] ued() (peyroadsun) OSUAIR[OI)  oX0JOg  USAIf SNSIOA UOZOL] d ‘[ ‘sewoy],
[e1n) Pa[[0NU0d
paziwopuel
‘papurfq-o[3urs
‘aanoadsord ©
SUOTJEOO0] JUQIQHIP
Je suonoafur y-od4)
(0000=a) auryes Urxo} wnur[noq
suonoafur y-x1.g Suunp juanyip oness Suump uondeorad
uondoorad ured pasearoap 19310 Sulsn B[[IXE JO Joou -0LI19)0Bq ured uo uonnjos
Apueoyudis uonn[os aurfes a0eJ Ul pajosfur sjuaned pue SII-€11 quIes Jurureluod
Sururejuoo-aanearasaid €6 ur ured jo Apnjs [eorur[d aures 2(2) 62 S00T -oAneA1dsald ‘g ‘njSonyejLes
AU} e} 9PN[OU0D SIOYINE YL, pazIwopuel purq-o[3urs [ewIoN “3Ing ‘se[d YISAY Jo 100330 Sunenreaq °N ‘n[3oryejires
quryes
paAlesald-uou
quryes SNSIoA
suoneredord oness poalasald yym
quryes poalesard-uou  Juon[Ip IoYIIe Sursn uonosfur -0110)0Bq 681-981 paymmsuodar e od£)
uey) (nyured ssof SI duIes uo ured JOJ S1991UN[OA pue :(€) 0T 400T urxo) wnuImoq
paAzasaxd yim paymIsu0odx 0 uo Apms [eoruro quryes -3mg "uoooy Surzimn 310Jwod 'V ‘Tues1og 'V L
Urxo) WwnuInjoq jo uonoafuy 9oej-11[ds ‘purjg-s[qnog [eULION 'seld Tepdo g xolog juoned pasearou] +007 ‘ruesiog N “( ‘veImy]
KOS plive) Arewrung JuanIq 0UQIRJY  Jonpoid L TRk sioyny

(panunuod) 9-g AqeL,

32



33

SINoY 4 unyIm

asn

V/LNog paredaid Apysaiy pasn jonpoid uozoiyun 210J9q Surzoaxy
0] JudreAamnbo Koeoyje Yim 0} paredwod syyuowr €61-261 ur19)-3uof I9)je
‘sypuour 9 01 dn Aouajod 9 01 dn 10J UOTIMNSUOII uoIssnosIp ;16 Koeoyyo [eoIUId
31 3uTSO[ JNOYIIM pajdafur I0)je so3uLIS —88T1:(D)1¢ onjowr 1UTX0)0INAU
PUE ‘POMEY} ‘USZOIJ 9q ur gxojoq Surzoaly qurpes ££00C ‘3mng -s0D) v 2d£) wnuimoq ‘d ] ‘esred 'd
Kewr y/INOF POIMIISU0ONY JO JUOWISSASSE [edTUI]) [PWION SB[ JIRUSAY g X0j0g PAMINSU0IIY Y ‘9K Y 'V ‘esied

V-X 14 Ysa1J S0P se saul|

STWIRUAp SNYIULDd [BUINXD
Sunean ur AoeoyJe [eOIUId
Teruats sey ‘uonjeorjdde sy
910J9q YoM | pajeraSal

uonoNpUod

aAaxau 10 sydeiSojoyd

£Q SJUQWISSISSY YoM

[ 10} D, 1 T8 UOTIMITISUOIAI
19)J€ P2Io)s 1O
PAIMNSU0T ATYSOIJ IOYIIO
jonpoid ym saulf [eyiued
ur pojeal) SI9JUNJOA

0¢ Jo Apms [earur(d

£eel—8CEl
sutes  :(T1) €€ :L00T

souI[ orwreuAp
SNUYIUBD [RUINXD
ur uonjeordde

SJ1 910J2q Yoom

1 pojeIadugal
PUB PAMNSUOIAT
v odKy

urxo} wnuinjoq

'Y ‘seSouap
‘H 'S ‘Zouonnn

2 Botulinum Toxin as a Clinical Product: Manufacture and Pharmacology

pU® paIMNSu0daI ‘V-X I pazrwopuel ‘purq-a[qno(J [ewION ‘3Ing ‘[ojewidq  gxolog  jo AoBOLYR [ROIUID ‘N ‘op[eirezry
spnAyz reyqrorrad

[e193€] JO JUSUIEAI) uonNSU0dAI 13je SpnAyl

Ay} Ul UIX0) WNUIN}oq Do ¥ 18 SYOoM T 10] PaIOIS [enqionad [eroye|

Jo AoeO1Jo 10 J19SUO JO QWi jonpoid 10 poININSu0oAx 8C—€EY JO Juouean ay) ut

Y 1093Je Appuedyrudrs Aqysa1y 3onpoxd :(9) €T urxoj wnurnjoq

0} readde jou seop Sursn u3isop aoey-rds aures £,00¢ 3Ing pojerogLIjal

uoNERISFLIJI JO SYM ¢ SIQUNJOA G UO Apns onels “TISU0JY SNSIoA
ey soreISuUowdp Apmnis SIy L, paziwopuel pur[g-s[qno  -oudoeyg  iseld TePpuydO  gxolog ysolj jo Aoeoyjyg A M 99T T [ ‘InH
LSUOISN[OU0D) Arewruing juan[Iq 0URIRJOY  Jonpoid apLL hE) sioyiny

(ponunuod) 9z IAqeL,



A. Pickett

X010g PAMNSUOIAT Y[SIJ

ym paredwod Surzaay
10 UONBIAFLIJAI JO SYooMm
T 10)Je sapnAyI peayaIo]
JO Juowiyean Ay} ur xojog
Jo Aoeoyje Jo uoneInp 1o
Koudjod oy ur punoy sem

QOUAIQYJIP J[qBINSEAW ON

Apuad

PAMNISUOIAI ST IT UAYM
ynm pareduroo A[snoio3ia
PAMNSUOAI ST IT UAYM
uoneInp SWes 3y} ey

pue paurejureut st y 2d£)

Urxo} WnuInjoq Jo 109J9 aYJ, PoZIWOpUeI ‘PIpUI[q-A[qnoq

Do0C— 10

Dot 18 SYo9M T J0J Palo)s
IO PIIMITISU0II ATYSOI]
jonpoid Jursn sapnAyl
peayaIo 10J pajearn
SI99)UN[OA () JO [e1N

PpozIwopuel ‘pui[q-a[qnog

S (¢ 10} uayeys
K[sno1oS1a Jo suononysur
S JoImjoejnuewt

S PaIMIISuU0d3l

jonpoid yim SI[ejuoIy

ur pajoafur s1e2un[oA
UQAJS JO [e11) [JUOW-9

P9109)9p UOTIBUTUIBIUOD

Iseld ‘requdo

X010g P[O-YoMm-T
SA ysaIj Jo Apms
B 1UONNINSUOJI

JO sIoy 4 unpim

X0)0g 2SN 0) Padu

@Xolog oy Suruonsan)
pawms
@Xo10g jou ‘uayeys :xojog

SY00M JUDIJIIP
Ul PoIMIIISU0dI
v odKy

urxo} wnuinoq
Jo uornjeredoxd

'S D ‘Wew[Io °f
800T ¥ ‘D D "D ‘Suex

‘Hd
800T  Yoeld 'V N ‘wizey

v-L4d N 00S [e1qOIOTW ON] "9sh 210Joq [BIOIOUILIOD
) Jo Kjayes pue Aoeoyjo skep G1 pue sAep § ‘4 g I0J ® SB pojuasald ' 1M suonoafur "q ‘opeig
9y} UO 2dUANYUI OU PBY pamnsuodsal1 onpord ym Jo Koeoyyo -0p-19)SIoUIYIZ,
suonjeordde a10joq sAep SouI[ JB[[oqe[3 10] pajea:n ay jo Apms 1 ‘omse)
G1 01 dn uonnyip jo swn (sdnoi3 ¢) s1eounjoa puI[q-o[qnop A ‘yosumoiny
oy} Jey) pamoys Apmis SIY],  GOT JO JUQWISSISSE [EOTUI[) "prOy Wy [ gHodskq IOJURONNN 800C " ‘TOSXOH
LSuoIsn[OUoD) Arewrung jonpoid aIL Te9x sioyny

34

(Panunuod) 9°g AqEL



35

2 Botulinum Toxin as a Clinical Product: Manufacture and Pharmacology

uoneorqnd woij suonejonb wWeqIoA se pajussald suosnouo),
(ToYoo[e [KZUdq 9 "() SUTEIUOD) dUI[ES SUTUTEIUOI-IAT)EAISSAId/ParIasald st oUITes O1IBISOLIa}oRq PUE QUIES 9dIJ-dANBAIRSAId SE 0] POLIOJAT UA)JO ST AUI[ES [BULION

VUIX0JWINUI[N}0qOoqe

JO UONMIISUOIAI 10§
9010YD JO JUSMITISUOIAI Y}
9q Kewr ouI[Es PIAIaSAI]

uonoafur
uo ured pojooyje
JUSN[IP JI QUIULIAP 0)

Apnis

PpuI[q-o[qnop ‘opis-£q-oprs
‘pazrwiopuel ‘oandadsord

"ouIlEeS 901j-oAneATesaId 199J S,MOID puE SIUI| qures © 1QUITES 901J-AneATasaId
s uey) uonsafur Ie[[oqe[3 Jo jusunear) one)s pue dulfes paalesaid
uo ured sso] ApueoyrusSts 20eJ-111ds ur syjoom -0113108q 0.8-198 M PaINITISUODAI
ur s[nsai duIfes paatasard 7 JOAO SIQQJUNJOA ()7 pue 1(9) VUIXojunui[njoqoqe
UM YUIxojunuinjoqoqe Jo Apnjs pazrwopuel qurfes 8¢ ‘210¢ Jo uonoafur ym 'V N ‘S1oquapjon
JO uonNMNSuodY ‘purq-e[qnoq [putoN “3Ing ‘weg  gHodsAq PaIRIOOSSE QoUAIYIP Uled 10T g 'S U9y
Syoom Do b7 18 Syoom orie
9 1938 U2A9 ‘Koudjod 9 0} dn 103 9ynuTW -901¢ (¥
syt Jredwr Jou saop B SoWIN) ()¢ PIIoAUl ‘[ddns)
uorne)Ide SnoIoJIA pue jonpoid paymnsuodar 9¢€ ‘0102 {9[nosow ‘A ‘uref
‘o[nodrow J[qels A[oWanX Sururwex? aures ‘3ing ' o[13e1] 1eY) A[[Ral ¥ ‘10odey] ‘D
ue ST yUIXojwnurnjoqeu) oorw ur Apnys £ouajog [FWION  [ORWRJ  X0l0g JIST IV uIXo) wnuimog — 0J07 'V eN ' ‘owoys
uonoafur
K9®o[J JO SSO[ INOYIIM 21059q sAep 1 03 dn
pue £[9yes uonmnsuod1 pamnsuodal y ad£) urxoy ‘NN ‘ewury
ST 103J€ sKep 0¥6—€€6 wnuinioq jo uoneredord 7 'd ‘opeid oq
61 01 dn y-1d Jo N00S 1G€ 600T [BIOIOWWIOD B JO SUonoafur ‘D 1 ‘onse) og
Sunoafur Jo Ayiqissod (193s0d aurpes ‘3g Jo Kyoyes pue Koeoyje 'S A “YOSIMOoINy
AU} WIYUod S)NsaI oy, 800 Jo uoneorqnd [[ng) [pUON  [ojewdq  gModsAg Jo Apms Ioyueonnui puilg  600C ‘d ‘TOSXeH
LSuoISN[OU0) Arewrung juon[Iq  QoudIRJey  1onpoid apIL Teox sioyny

(Ponunuod) 9°7 AqeL,



36 A. Pickett

So where to now with the formulations? What new approaches are being
considered or studied?

Pickett and Perrow [90] have discussed new formulations, in particular replace-
ment of human plasma-derived HSA with a fully recombinant version; but this
change has not appeared in commercial products to date. The replacement of other
components to ‘modernise’ the formulations was also discussed in their work [90].

Pickett [135] has considered whether a liquid formulation might appear in the
future, perhaps in pre-filled syringes or similar administration devices, effectively
removing the need for reconstitution.

The concept of a liquid formulation for BONT products has been in existence for
many years. BONT type B product has already been provided as a liquid in a vial
since license approval in December 2000. This product may be painful when injected,
likely to be due to the acidic pH of the solution [136]. One key to a successful future
liquid product is, therefore, a formulation that is not painful to the patient and which
has a physiological solution for injection. Shelf-life stability will also be essential to
compete with the existing products, as discussed above.

The patent literature contains numerous references to liquid formulations, filed
by Allergan, Ipsen, Elan/Solstice and MedyTox, together with other individuals (Ta-
ble 2.7). These formulations all have different stabilisers and components, including
the omission of HSA. As such, they should be considered next-generation formu-
lations and will be made available as soon as stability and presentation issues are
determined by the manufacturers. Also, these new formulations will have to show
that they work equivalently in the clinical applications when compared to the current
marketed products!

Devices are now starting to appear that are designed to make BoNT injections
easier. An example is the botulinum toxin automatic injector called Talent™ BT,
recently presented by the Swiss company Primequal [137]. This is effectively a
repeat pen injector, containing the reconstituted product in a syringe which ‘clicks’
each time a trigger is pressed. Does this offer any real advantage? Probably not to
the experienced clinician. The repeat ‘click’ could also be somewhat disconcerting
to the patients. More importantly, the cost of the devices is high (20 € each). Is there
aneed for such high precision of injection volumes? This has not been raised to date
as an issue by the clinical community. Nevertheless, the device has recently gained
innovation awards.

2.9 Pharmacology of Clinical BoNT Products

In accordance with accepted definitions, pharmacology is the study of what drugs
are, how they work and what they do (see, for example, [138]). The pharmacology of
products for human therapy must be determined. Licensing of the products without
these data is not possible. The study of drug pharmacology is therefore a wide
subject, with several subsets such as clinical pharmacology, neuropharmacology,
pharmacogenetics, pharmacoepidemiology and toxicology. However, in the case of
the BoNT products, the major aspect of their pharmacology is the fact that they
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are, quite simply, lethal in minute quantities! Classical pharmacokinetic studies
on adsorption, distribution, metabolism and excretion (ADME studies), for BONT
products used clinically, have not been reported, indeed not performed for obvious
reasons mostly related to limitations on detection. A recent discussion of the subject
by Simpson [139] only dealt with BoNT that had caused intoxication through classical
routes and not through clinical application. The entire pharmacology of the BONT
products is therefore skewed as to what can actually be achieved in practice and what
data can be obtained using standard techniques that is of value in the assessment of
their suitability.

There are several reviews of what has been titled the pharmacology of BoNT, but
in reality, these are subsets such as clinical pharmacology or the mode of action in
animals [95], [109], [140]-[143].

Coupled to this, of course, is the fact that until now every batch of every product
released commercially has been potency tested in animals, a unique situation in the
pharmaceutical world. Added to this are the independent release procedures enforced
by the regulatory authorities, as described earlier. The safety elements are, therefore,
highly enforced and the likelihood of a product being released to the market that is
either super- or subpotent is remote.

The pharmacological aspects are also significantly biased by the fact that animals
are known to have a different sensitivity to the BoNT products than humans (see,
for example, [142], [144]). Mice and rats have different sensitivities to each other
[142] and are significantly less sensitive than human adults. These essential facts
have been overlooked by many scientists studying the effects of BoNT in animals,
most especially when they subsequently make extrapolations to human clinical uses
[145]. Studies have been carried out where, if extrapolated to adults, a dose of 5,000
Botox® units or greater would have been administered (see, for example, [146]-
[148]). Explanations for these differences in BoNT sensitivities between animals
and humans are only now finding explanations, probably in relation to the reduced
sensitivity of human BoNT receptors compared to those of other species [33].

No detailed review of the various animal studies and the related pharmacological
data obtained is possible in the context of the present work since this would warrant
a further chapter. But two aspects are discussed below which are representative of
past approaches and future directions in this area, as illustrations of the subject.

2.9.1 Attempts to Relate Animal Data to Safety in Humans

One of the biggest uses of animal studies with BoNT, relating to clinical use, started
in the late 1990s, when the first work emerged that attempted to relate the results
of animal studies with safety of use in humans. A model was adapted from other
uses that claimed to demonstrate useful results when BoNT was included [123].
The original model, called the tail suspension test, was adapted shortly after this
initial work to be called the digit abduction scoring (DAS) assay. Basically, mice
were injected in one hind limb with different doses of BoNT and then suspended by
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the tail. Trained observers could then ‘measure’ the angle that the foot digits were
extended to in what is normally described as ‘the startle response’ of the animal [84].
However, the scale of effect is arbitrary and the result qualitative. Doses as high as 30
Botox® units/kg were employed and, as commented by the workers themselves, ‘do
not reflect clinical doses’ [123]. In addition, the species difference between rodents
and man was also acknowledged by the investigators.

Nevertheless, this work was evolved to the point at which claims of safety dif-
ferences between the BoNT products were being made, based upon these animal
pharmacological studies [149]. The investigators revised their earlier comments into
using the animal data as representative of human doses (‘translational medicine’).

When these studies were looked at in detail, the results were clearly not as pre-
sented. Exceptionally high comparative doses of products were being used (up to 100
units/kg) [149] and the statistical analysis was flawed [150]. The kinetic analyses,
which purported to show different product characteristics, were shown subsequently
to be identical, when appropriate differences in the potency units of the products
under study were taken into account [150]. There was actually no demonstrable
difference in the dose—response of the products tested [150].

2.9.2 Modern Approaches to Pharmacological Studies

Since the studies of the early 2000s, several groups have regrettably repeated the er-
rors when trying to understand the mechanisms of clinical action, the pharmacology,
of the BoNT products, as discussed above. But new approaches are slowly emerging
that could be of significant value in the future.

The recent work of Hale and colleagues [151] has used the technique of near-
infrared whole body analysis to examine the pharmacokinetics of a detoxified BONT
molecule in mice. The images clearly show the kinetics of BoNT diffusion throughout
the animals (Fig. 2.4). Intramuscular injections in the tail remained localised over the
duration of the study (24 H), but intravenous, intraperitoneal and oral administration
showed dissemination throughout the animal. The mutated BoNT molecule had
previously been shown to bind to neuronal cells and has been well characterised
[152], [153].

This modern approach may herald a new era in ADME studies of BoNT. Future
data and publications are awaited with great enthusiasm by the BoNT scientific and
clinical communities.

2.10 Conclusions

The manufacture and quality aspects of the various main families of clinical BONT
products are defined and established. Although more than 25 years old, the major
products are still finding new clinical applications today and, as always has happened,
clinicians are leading the way in developing those new uses.
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Fig. 2.4 Use of near-infrared technology for whole body in vivo monitoring of metabolism of a
detoxified recombinant botulinum toxin labelled with the dye 800 CW. Images for each scan were
captured at white light, 700 and 800 nm and fluorescent signals were analysed using the Pearl Cam
software supplied with the Odyssey Imaging System (LiCor Inc). (Reprinted from Hale M, Riding
S, Sing Bal Ram (2010) Near-infrared imaging of Balb/c mice injected with a detoxified botulinum
neurotoxin A. Botulinum J 1(4):431-441, Copyright (2010), with permission)

As the decades pass, new technology on formulations and pharmacological aspects
are finding their way into use, to advance even further our understanding of these
essential, potent and fascinating products. The coming 25 years are awaited with
great anticipation.
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