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Botulinum toxin therapy, immunologic 
resistance, and problems with 

available materials 
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Botulinum toxin injections have become an ex- 
tremely useful therapeutic modality in the treatment 
of certain segmental movement disorders such as 
blepharospasm, adult onset spasmodic torticollis, 
spasmodic dysphonia, and oral mandibular dystonia. 
Clinical efficacy is substantially better, and compli- 
cations of this therapy are significantly lower than 
alternative approaches for many of these disorders. 
Short-term complications have often been the result 
of undesirable diffusion away from the injection loca- 
tion, resulting in transient weakness. The study re- 
ported by Jankovic et all deals with immunologic 
resistance, the major long-term complication of re- 
peated injection~. 

Historic concern becomes a current reality. 
Botulinum toxins have long been known to be anti- 
genic proteins, with different serotypes characterized 
by the use of neutralizing antibodies. Because botuli- 
num toxin is used to treat chronic diseases and re- 
peated injections are necessary over a long period of 
time, sensitization after repeated injections is an on- 
going concern of both clinicians and regulators from 
initial studies to the present. 

Concern regarding antibody production was 
present in the original formulation for clinical stud- 
ies. Initial emphasis was placed on the drying to 
achieve preservation to prevent contamination. How- 
ever, the original method of drying had serious prob- 
lems because of 80 to 90% loss of activity of the 
material in this process. In 1979, Schantz2 and Scott 
were perfectly aware that the inactivated botulinum 
toxin may be as antigenic as active toxin; however, 
there was insufficient clinical experience to assess 
the significance of this observation. This formulation 
approved in the United States has become accepted 
over the past decade. By altering the drying process, 
it is now possible to prevent botulinum toxin inacti- 
vation, hence lowering incidental toxoid accumula- 
tion within the vials.3 

Alternative immunotypes: the issue of bio- 
equivalency and efficacy. Once neutralizing an- 

tibodies are present to immunotype A, the clinical 
results of subsequent injections are ~b l i t e ra ted .~ .~  Al- 
though other immunotypes of botulinum toxin are 
under development, clinical studies indicated that 
distinct biological property differences between im- 
munotypes are important in medicinal applica- 
t i ~ n . ~ - l l  For instance, botulinum toxin type F has 
demonstrated some efficacy in botulinum A toxin- 
resistant patients yet has a short duration of action 
(3 weeks) compared with botulinum toxin type A.' 
Botulinum type B also has been shown to have a 
shorter duration of action than botulinum type A in 
animal models.lOJ1 

Clearly, when used to treat chronic diseases, botu- 
linum toxin preparations with the longest duration 
of action would be preferable to limit the frequency 
of injections. Additionally, recent studies indicated 
differences in regional denervation potency between 
various immunotypes of botulinum toxin, with cer- 
tain preparations of botulinum toxin type A having 
the highest poten~y.~-ll  

With the clinical and laboratory data suggesting 
that certain preparations of botulinum toxin type A 
may be unique in its duration of action and denerva- 
tion potency, the issue of sensitization becomes even 
more relevant. Because of these observations, it is 
important to understand the factors important in 
preventing this complication: (1) clinical experience 
regarding dose and methods of administration; (2) 
better understanding of the sensitivity of the assay 
for the botulinum toxin antibodies; and (3) scientific 
issues relating to formulation of the botulinum neu- 
rotoxin protein. 

Clinical observations and experience. As indi- 
cated by Jankovic et al,' sensitization is a major 
cause of decreased or absent clinical response after 
repeated injections. Jankovic et a1 related resistance 
to dose exposure per injection cycle. This finding is 
consistent with past experience comparing the inci- 
dence of sensitization between blepharospasm and 
torticollis, the two wide-scale clinical indications for 
botulinum toxin injection over the past 10 years. 
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Blepharospasm therapy usually involves the injec- 
tion of 15 to 50 LD,, units into four to six locations to 
each orbicularis muscle. In comparison, torticollis 
therapy usually involves injections of 150 to 300 
LD,, units into dystonic cervical muscles, often in 
multiple locations. Retrospective review of the litera- 
ture reveals the incidence for sensitization in the 
blepharospasm indication to be small using the stan- 
dard mouse bioassay technique,l"13 whereas the sen- 
sitization has been significantly higher for the larger 
dose application, spasmodic torticollis (3 to lo%)." 
The findings of Jankovic et all within just the dysto- 
nia population further reinforces the notion that sen- 
sitization is a dose-dependent complication of long- 
term repetitive botulinum toxin injections. Their 
findings are further substantiated by previous evalu- 
ations made by Hathaway and Dang.I4 The authors 
believe that these data as well as the results re- 
ported by Jankovic et al actually underestimate the 
problem. 

Antibody test. The clinical significance of circulat- 
ing botulinum toxin antibodies has been dis- 
c ~ s s e d . ~ , ~ ~ - ' ~  The work of Jankovic et all indicates 
that the presence of neutralizing botulinum toxin 
antibodies has significant predictive value for results 
obtained with subsequent injections. These findings 
have been the general consensus for those using the 
therapeutic technology for some time. Recently, 
other investigators using a nonbioassay method for 
antibody testing (microsphere technique) did not find 
correlation with clinical results.17 Only the bioassay 
can detect neutralizing antibodies a t  this time. Other 
techniques such as ELISA need to be validated for 
neutralizing antibody determination before inter- 
preting the results, because these techniques may 
detect antibodies to inert protein (e.g., hemaggluti- 
nin) within the botulinum toxin formulation, which 
may have no therapeutic significance. In short, the 
distinction between neutralizing and nonneutraliz- 
ing antibodies needs to be clearly defined in subse- 
quent clinical studies. 

Another important issue relative to antibody test- 
ing is the sensitivity of the test. The mouse bioassay 
for botulinum antitoxins was developed to advance 
toxoid research for various botulinum toxin immuno- 
types.18 The assay was set at a sensitivity that would 
confer immunity to multiple lethal challenges of bot- 
ulinum toxin.lR Because of this, the sensitivity of the 
mouse bioassay assay reported in neurologic and 
ophthalmologic literature to date is low. In practice, 
the quantity of neutralizing antibody must be suffi- 
cient to inactivate small amounts of botulinum toxin 
used to create regional denervation over a given in- 
jection area. Such small antitoxin levels may not be 
picked up by a bioassay that has been set at a 
threshold sensitivity that detects antitoxin levels ca- 
pable of resisting a 10,000 to 100,000 times LD,, 
challenge.18 If the assay's sensitivity threshold is 
low, its specificity may be quite high. This interpre- 

tation of the current mouse bioassay can be used to 
explain three clinical phenomena noted in practice. 

1. Inconsistent positivity of the mouse bioassay 
when patients are repetitively tested over time. An- 
tibody titers may vary above and below assay sensi- 
tivity thresholds a t  varying times since last antigen 
exposure. 

2. Very strong concordance between positive bio- 
assay result and subsequent clinical results (100%' as 
reported by Jankovic et all). 

3. A series of patients are reported who are sero- 
negative yet show no muscular atrophy to botulinum 
type A but do develop muscular atrophy when in- 
jected with another serotype, botulinum type F (per- 
sonal communication, S. Fahn). 
Because the clinically important level of antitoxin is 
that level sufficient to neutralize regional denervat- 
ing doses and not lethal doses of botulinum toxin, 
the reported mouse bioassay should be considered a 
very specific but not a necessarily sensitive test for 
circulating antitoxin in patients receiving therapeu- 
tic injections. 

To further understand resistance after repetitive 
injections of botulinum toxin, efforts have been made 
to evaluate the problem using different methods. 
One clinical method has been the remote point injec- 
tion.lg Initial data on this method appear to indicate 
higher sensitivity for resistance detection, and the 
test has predictive value for subsequent clinical re- 
sponse to therapeutic botulinum toxin injection~. 

Given the limitations of the botulinum toxin anti- 
body test to date, i t  is probable that the true inci- 
dence of sensitization to botulinum toxin preparation 
is significantly underestimated in the clinical litera- 
ture. 

Specific activity and botulinum toxin. Of all 
published medical literature on botulinum toxin 
therapeutic technology and immunologic resistance, 
little consideration has been given to preparation, 
formulation, and specific toxicity of botulinum toxin 
for human use. Specific activity is defined as follows: 

specific activity = biological activitylnanograms of 
botulinum neurotoxin. 

Biological activity has been conventionally mea- 
sured in LD,, units. Nanograms of botulinum toxin 
are measured with spectrophotometry in early for- 
mulation or ELISA in the final preparation. The spe- 
cific activity index gives a direct measurement of 
both purification grade and quality of protein prepa- 
ration to produce a desired biological effect. In clini- 
cal terms, biological effect is synonymous with ther- 
apeutic effect. The LD,, units or other bioassay 
measurements are conceptual based on the protein 
ability to produce a certain effect. Nanograms in the 
specific activity formula merely reflect the quantity 
of protein used in the therapeutic preparation. The 
study by Jankovic et al,' as well as retrospective 
review of the literature, indicates that antigenicity of 
botulinum toxin preparations is not only directly re- 
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Table Dose per injection cycle" 

Dose i n  Dose in  
LD,, units nanograms Sensitization 

-- 

Spasmodic 150-300 38-150 Significant 
Torticollis problem 

Blepharospasm 15-80 4-40 Very 
uncommon 

* Doses apply only to BOTOX botulinum toxin type A (Allergan, 
Inc.. Irvine, CA). Substantial differences exist when other for- 
mulations of botulinum toxin type A are used. 

lated to dose in LD,, mouse units but directly re- 
lated to quantity of botulinum toxin in nanograms 
used per injection. In  fact, nanograms per injection 
cycle is probably a much more relevant unit because 
immune response will occur to mass of protein anti- 
gen exposed per inoculation (therapeutic botulinum 
toxin injection) probably irrespective of other biolog- 
ical effects of that  protein. 

Given the above definition of specific activity and 
given that  the measured specific activity of BOTOX 
botulinum toxin type A is between 2 and 4 LD,, 
units per nanogram of neurotoxin, the table repre- 
sents the usual doses per injection cycle for two large 
therapeutic applications of botulinum toxin. 

The table applies only to BOTOX botulinum toxin 
type A (Allergan, Inc., Irvine, CAI. Substantial dif- 
ferences exist when other formulations of botulinum 
toxin (e.g., DYSPORT, Porton Products Ltd., Berk- 
shire, England) are used in therapy." From the ta- 
ble, i t  can be derived tha t  incidence of sensitization 
is not only related to dose exposure in  LD,, units per 
injection cycle but  also nanograms of botulinum 
toxin exposure per injection cycle (protein load). Spe- 
cific activity is the measurement which indicates 
how much protein exposure a patient receives both 
cumulative and with each botulinum toxin injection 
hence represents a n  important aspect of drug evalu- 
ation process. 

Botulinum toxin used in clinical practice in the 
United States is from a single batch produced in 
1979 by Edward Schantz (lot 79-11). A sample of this 
toxin kept in Schantz's laboratory indicates tha t  i t  
has lost considerable activity, having a specific activ- 
ity of 2.3 LD,, unitslng. Freshly prepared botulinum 
A toxin has a specific activity of about 33 LD,, units1 
ng, which is consistent from lot to lot. 

High specific activity botulinum A toxin. The 
most consistent prospective and retrospective clinical 
data indicate that  sensitization is related to dose in 
nanograms and LD,, units per injection cycle, meth- 
ods tha t  can be useful to decrease antigen exposure 
per injections cycle and may offer improvements to 
mitigate this problem for high-dose applications of 
therapeutic botulinuin toxin injections, such a s  those 
used to treat adult onset spasmodic torticollis. Alter- 
ing the specific activity in the botulinum toxin prep- 
aration to yield the highest possible significant bio- 

logical effect with the least amount of neurotoxin 
protein would be preferable. 

Because i t  is possible to improve the specific activ- 
ity of the currently US licensed form of botulinum 
toxin A from 2.3 LD,, unitslng to 25 to 30 LD,, 
unitslng, i t  is possible to reduce the protein exposure 
from the current 38 to 150 nanograms per injection 
cycle to 5 to 12 nanograms per injection cycle for 
large dose indications. Essentially, the higher spe- 
cific activity botulinum toxin reduces the protein ex- 
posure for high-dose indications such as  those cur- 
rently used to spasmodic torticollis to low-dose 
indication currently used to treat blepharospasm. If 
a quantity of neurotoxin protein exposure is a prime 
determinant of immunogenicity a s  suggested by clin- 
ical experience and study, then this formulation im- 
provement should be a considerable advance to re- 
ducing sensitization after repeated therapeutic 
injections. However, prospective clinical evaluation 
of sensitization rates with high specific activity botu- 
linum toxin in clinical practice remains to be re- 
ported. 

Interim recommendations. Retrospective analy- 
sis of ophthalmic and neurologic literature and stud- 
ies on antibody positive cases against negative cases 
indicate dose per injection cycle is linked to antibody 
formation. Limiting total dose per injection cycle a t  
this point until a higher specific activity botulinum A 
toxin becomes available would be a logical step in 
preventing sensitization. As ophthalmic applications 
are only rarely associated with sensitization and al- 
most never are associated with use of >I00 LD,, 
units, limiting total dose to 5100 LD,, units per 
injection cycle a t  3-month intervals may be very 
helpful in preventing this complication. 

Summary. Botulinum toxin is a valuable technol- 
ogy for the treatment of regional movement disease. 
High-dose applications (>I00 LD,, units per injec- 
tion cycle) have been associated with sensitization 
that  renders further therapeutic injections ineffec- 
tive. The true incidence of sensitization is probably 
underestimated by the mouse bioassay. Other immu- 
notypes of botulinum toxin have been effective in 
producing some therapeutic benefit; however, dura- 
tion of action (botulinum toxin type F)  and lower 
potencies may make these less attractive alterna- 
tives than botulinum type A. Increased specific activ- 
ity botulinum toxin may be a method to reduce anti- 
gen exposure and mitigate against immunoresis- 
tance associated with dystonia therapy. Limiting the 
dose to 5100 LD,,, units per injection cycle may limit 
this complication in the interim. 
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