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Abstract: Background: The aim of this study was to determine the prevalence of neutralizing antibodies in a
large cohort of long-term treated patients with cervical dystonia (CD) still responding to repetitive injections

with botulinum toxin (BoNT).

Methods: Consecutively recruited CD patients (n = 221) under long-term BoNT treatment (>2-21 years)
underwent a clinical examination at the same time blood samples were taken for neutralizing antibody
determination. Collected data included demographics, mean dose of the last 10 botulinum injections,
treatment duration, Tsui score for CD severity, and patients’ subjective impression of treatment effect. Blood
samples were screened for antibody presence by ELISA; positive samples were further analyzed by mouse
hemidiaphragm test. The two laboratories performing antibody testing were blinded to the coded samples.
Results: Antibody status could be determined for 212 patients; 39 (18.4%) were ELISA positive and 31 (14.6%)
additionally positive in the mouse hemidiaphragm test. Patients with positive neutralizing antibody titers had
significantly higher Tsui scores and were treated for a significantly longer time with significantly higher doses.
There were no differences between male and female patients and between onabotulinumtoxinA- and
abobotulinumtoxinA-treated patients. When BoNT preparations had been switched during the last 10
injections, a significantly higher proportion of neutralizing antibody-positive patients was detected.
Conclusions: Neutralizing antibody prevalence in long-term treated, still responding CD patients is
substantially higher than suggested by follow-up studies with a shorter time frame. It should therefore be
emphasized that antigenicity of BoTN preparations is still a relevant problem and should be taken into

account in long-term treatment decisions.

Botulinum toxin (BoNT) type A (BoNT/A) preparations are the
treatment of choice for cervical dystonia (CD)," but efficacious
treatment requires intramuscular injections every 10 to 16 weeks.
Thus, the patient’s immune system is regularly confronted with
large BoNT/A molecules and its complexing proteins,>> and a
certain proportion of patients show an immune response not only
against the complexing proteins, but also against the BoNT/A
molecule.® Some of the induced antibodies neutralize the bio-
logical activity of BoNT,>® leading to reduced clinical efficacy
(partial secondary treatment failure; PSTF) and, in some patients,
even to a complete abolishment of BoNT action (complete sec-
ondary treatment failure; CSTF). In previous years, PSTF and
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CSTF occurrence in BoNT/A treatment for CD was observed
quite frequently.* Improvement of BoNT/A preparations and
reduction of protein content reduced the immune response
considerably.”? Neutralizing antibody (NAB) rates as low as 1.2%
have been reported for the new onabotulinumtoxinA formula-
tion”"®; the rates seem to be even lower for incobotulinumtoxinA,

2,8-10
However, these

a preparation free of complexing proteins.
rates rely on studies determining patients’ antibody status for less
than 3 years and provide an estimate of NAB incidence (propor-
tion of new NAB-positive patients per year), rather than an esti-
mate of NAB prevalence in a cohort of long-term treated

patients.
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It has been suggested that NABs probably develop early in
the course of treatment and that PSTF occurrence later in the
course of treatment is quite rare.!"'? However, the database
for this hypothesis is small. The number of patients with
short-term treatment is much higher than the number of
patients monitored carefully over a long time period. This
might be one of the major reasons why NAB development is
observed more frequently at the start of BoNT/A treatment.
We previously suggested Kaplan-Meier’s survival analysis (cen-
soring all patients in whom therapy was interrupted for what-
ever reason) as the adequate method to estimate NAB
prevalence in long-term treated patients.”> Studies using this
method®'? show a much higher proportion of NABs (>20%)*
or PSTF (>15%)"” in long-term BoNT/A-treated CD patients
than suggested by the low rate estimates between 2% and
504, 7-8:14-16.

Another adequate method is the deduction of NAB preva-
lence in a large patient cohort from a detailed analysis of a small
representative patient sample.'” Using this approach, Kranz
et al. estimated up to 40% of NAB-positive patients in their
cohort of long-term treated CD patients. However, this method
heavily relies on the selection of the representative sample; a
bias in the selection procedure might result in misleading find-
ings. The investigators hypothesized that there will be a consid-
erable proportion of patients still responding to BoNT
injections, but with positive antibody titers, in a cohort of CD
patients under continuous treatment.'”

The present cross-sectional monocentric study was designed
to determine the precise NAB prevalence in a large cohort of
CD patients still responding to BoNT treatment.

Patients and Methods
Patients

In 2010, all CD patients treated at our BoTIN outpatient clinic
with BoNT injections every 3 to 4 months for at least 10 times
(without interruption during the last 2—3 years) and who still experi-
enced a treatment effect were asked to participate in the present
study. Patients who did not experience a treatment effect were
excluded from the study. A total of 221 patients agreed to partici-
pate and gave their written informed consent. A general approval
from the local ethics committee allows us to take blood samples
and publish anonymized clinical data and results of antibody test-
ing of patients having given informed consent.

Patients underwent a clinical examination at the same time
blood samples were taken for NAB determination. Besides
demographic data, BONT preparation and mean dose of the last
10 BoNT injections, treatment duration, and CD severity
(using the Tsui score'®) were determined by the attending
physician. Patients’ subjective impression of the overall
treatment effect of the last injection cycle, compared to CD
severity just before start of BONT therapy, was rated on a visual
analog scale (VAS; 0-100; 0 =no more symptoms and
100 = CD severity just as bad as before start of BoNT therapy).

Patients had been treated with abobotulinumtoxinA, onabo-
tulinumtoxinA, incobotulinumtoxinA (BoNT/A preparations),
or rimabotulinumtoxinB (BoNT/B). For comparison, doses
were transformed to unified dose units (uUDU): because most of
the patients had been treated with abobotulinumtoxinA, doses
of onabotulinumtoxinA and incobotulinumtoxinA were multi-
plied by 3, doses of rimabotulinumtoxinB were divided by 10,
and abobotulinumtoxinA doses remained unchanged. The mean
of the unified doses of the last 10 single injections was used for

data analysis.

Determination of antibody status

Blood samples were first sent to BioProof AG (Munich,
Germany) to determine the presence of antibodies using enzyme-
linked immunosorbent assay (ELISA) testing (luoroimmunoassy).
Neutralizing antibody titers of ELISA-positive samples were then
determined with the mouse hemidiaphragm assay (MHDA®) by
Toxogen GmbH (Hannover, Germany). Both laboratories were
blinded to the (coded) samples and did not receive any clinical
information, except the time the samples were taken. Antibody
status could be determined in 212 patients.

Statistical analysis

Data analysis was based on the 212 patients with known anti-
body status with stratification into the following subgroups: all
ELISA-negative patients (group I: n = 173); all ELISA-positive,
but MHDA-negative, patients (group II: n = 8); and all ELISA-
and MHDA-positive patients (group III: n = 31). Groups II
and III were combined for further analysis of all ELISA-positive
patients (n = 39). NAB prevalence and incidence were also
compared according to BoNT preparation.

All statistical analyses were carried out with the commercially
internationally available SPSS package (SPSS, Inc., Chicago,
IL). After an analysis of variance had yielded differences among
subgroups in a first step, comparisons between subgroups were
then performed nonparametrically using Kendall’s tau B test.
Results were confirmed by t testing if group size and parameter
used allowed the use of the f test. Both nonparametric and para-
metric testing yielded the same significant results (with slightly
different levels of significance). Pearson’s correlation coefficient
was determined for the correlation analysis.

Results

Patients included in this analysis (mean age: 61.0 £ 11.8 years;
60.4% female) had suffered from CD for a mean of
17.7 £ 8.9 years. Table 1 summarizes demographic and clini-
cal characteristics of the cohort stratified by antibody status.
During the last 10 injection cycles, 128 of the patients had
been treated exclusively with abobotulinumtoxinA, 36 with
onabotulinumtoxinA, 16 with incobotulinumtoxinA, and four
with rimabotulinumtoxinB. Preparations had been changed in

28 patients.
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TABLE 1 Demographic and clinical characteristics and mean BoNT dose of patients treated long term with BoNT for CD

Entire Cohort  Group | Group I Group llI Group Il + 1l Significance
(ELISA Negative) (ELISA Positive but (ELISA Positive, (ELISA Positive) (I vs. Il + III)
MHDA Negative) MHDA Positive)
No. of patients 212 173 8 31 39 na
Age, years 61.0 + 11.8 59.8 + 12.0 65.5 + 13.7 64.4 + 9.7 64.6 + 10.4 <0.018
Female sex (%) 128 (60.4) 102 (59.0) 7 (87.5) 19 (61.3) 26 (66.7) ns (0.114)
Weight, kg 75.2 +£17.9 75.5 + 18.3 75.8 + 13.6 74.0 + 15.4 74.4 + 15.4 ns (0.76)
Age at onset of CD, years 43.1 £ 11.1 42.8 £ 11.2 40.6 + 10.0 45.3 + 11.0 44.1 + 10.8 ns (0.532)
Duration of treatment, years 1,7 25 563 1,2 =25 5.5 13.5* 4.8 13.0 £ 4.1 13.5 = 4.2 <0.022
Tsui score 4.93 £ 3.3 4.75 £ 3.2 5.25 + 3.5 6.29 + 3.8 6.08 + 3.7 <0.015
Patients’ rating of 46.6 £ 27.9 46.3 + 27.3 34.3 + 30.3 51.8 £+ 29.2 48.3 + 29.8 ns (0.696)
treatment effect (VAS 0;100)

Dose per injection (uDU) 719 + 146 704 + 148 727 + 111 798 + 117 782 + 119 <0.004

Only patients with known antibody status were analyzed (n = 212). Data are mean + standard deviation or number of patients (%).

20nabotulinumtoxinA/abobotulinumtoxinA/rimabotulinumtoxinB 1:3:10
na, not applicable; ns, not significant.

Clinical outcome after long-term
cd treatment with BoNT

The mean Tsui score of the entire cohort was 4.93 £ 3.3 (Table 1).
Plotting of scores against treatment duration showed a completely
flat trend line (Slope SL = —0.0024 Tsui point/year; 7 = 0.00002;
P = 0.879; Fig. 1A). On average, there was no difference between
scores of patients having been treated for a rather short time (appro-
ximately 2-3 years) or for approximately 20 years. Patients scored
treatment efficacy as 46.6 £+ 27.9% (VAS 0-100; Table 1), indicat-
ing that they experienced a reduction of CD symptom severity by,
on average, more than 50%. This rating decreased significantly with
duration of treatment (SL = —0.7363%/year; ©* = 0.017; P < 0.04).
Mean dose per injection over the last 10 injections was 719 £ 146
uDU. A significant increase (SL = 50.24 uDU/year; ¥ = 0.0313;
P < 0.015) was observed with duration of treatment.

Prevalence of ELISA- and MHDA-
positive patients in the cohort

Thirty-nine blood samples were ELISA positive (18.4%); 31 of these
were also MHDA positive (14.6% of entire cohort). Because mean
treatment duration of the entire cohort was 11.7 years, mean NAB
incidence in our cohort was 1.26%/year. There was no influence of
sex on NAB development: 19 of 128 females (14.8%) and 12 of 84
males (14.3%) had a positive MHDA test (P = 1.0).

Comparison of treatment-
related parameters in ELISA-
positive and -negative patients

ELISA-positive patients (group II + III) had a significantly
longer treatment duration (P < 0.022), were significantly older
(P < 0.018) with a significantly worse Tsui score (P < 0.015),
and received significantly larger mean BoNT doses (P < 0.004)
than the ELISA-negative patients (Table 1). There were no
obvious clinical predictors for the presence of NABs. Patients’
subjective scoring of treatment effect was even less sensitive
than Tsui score (determined by the treating physician) or dose
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Figure 1 Tsui scores for different treatment duration. (A)
Entire cohort (n = 212), regression line (—). (B) Stratified by
antibody status. Group |, ELISA-negative patients (O); group
Il, ELISA-positive, but MHDA-negative patients (O); group I,
ELISA- and MHDA-positive patients (M); regression line for
group | (—), regression line for group Il (—).

and did not show a significant difference between patients

testing positive or negative (P = 0.696; Table 1).

Tsui scores during long-term
treatment stratified by antibody
status

Figure 1B shows the Tsui scores according to treatment years

stratified by antibody status. Analysis of separate trend lines for
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ELISA-positive, but MHDA-negative patients (group II;
SL = —0.0497 Tsui point/year; P = 0.0073; P = 0.335) and
ELISA-/MHDA-positive patients (group III; SL = +0.1002
Tsui point/year; ¥ = 0.0112) reveals a mild improvement of
Tsui scores over time in MHDA-negative patients and a mild
worsening in MHDA-positive patients.

Clinical outcome of MHDA-positive patients varied over an
extremely wide range with Tsui scores between O and 15, but
variability was at least as large in MHDA-negative patients
(Fig. 1B). On first glance, the values of the positive patients
seemed to be randomly embedded in the range of values of the
negative patients. To further investigate this, we determined the
proportions of only ELISA-positive (open bars, group II) and
MHDA-positive patients (black bars, group III) in seven succes-
sive TSUI score ranges (1-2, 3—4, ..., 11-12, and 13-14 Tsui
score points), nine ranges of the mean unified dose during the last
10 injections (100-200, 200-300, . . ., 800-900, >900 unified dose
units), and 10 time periods of treatment duration (0-2, 2—4, .. ..,
16-18, and >18 years; Fig. 2A—C). The proportion of MHDA
positive patients increased with increasing Tsui scores, higher
BoNT doses, and longer treatment duration (except for the high-
est ranges). These factors thus increase the risk to develop NABs.
Reasons for the low proportion of ELISA-/MHDA-positive
patients in the highest ranges will be discussed below.

Prevalence and incidence of
patients with neutralizing
antibody titers according to
BoNT preparation

Stratification according to BoNT preparation resulted in five
subgroups: patients treated exclusively with onabotulinum-
toxinA (n = 36); with abobotulinumtoxinA (n = 128); with
incobotulinumtoxinA  (n = 16); with rimabotulinumtoxinB
(n = 4); and patients in whom BoNT preparation was chan-
ged during the last 10 treatments (switcher group: n = 28).
Because of the small sample size, the incobotulinumtoxinA
and  rimabotulinumtoxinB  groups were not analyzed
separately.

Of the patients testing positive for antibodies in the ELISA
assay, 4 (11.1%) received onabotulinumtoxinA, 21 (16.4%)
abobotulinumtoxinA, and 10 (35.7%) belonged to the switcher
group. There was no significant difference between onabo-
tulinumtoxinA and abobotulinumtoxinA groups (P = 0.601),
but prevalence of ELISA-positive patients was significantly
higher in the switcher subgroup compared to the two others
(P < 0.014). Among the ELISA-positive patients, 17 (13.3%) in
the abobotulinumtoxinA, 2 (5.6%) in the onabotulinumtoxinA,
and 8 (28.6%) in the switcher group tested positive in the
MHDA assay, with no significant difference between onabo-
tulinumtoxinA and abobotulinumtoxinA groups (P = 0.254).
The switcher subgroup had a significantly higher proportion of
MHDA-positive patients (P < 0.02).

Mean treatment duration in the onabotulinumtoxinA group

was 9.5 £ 3.3 years resulting in an estimate of mean NAB

>
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Figure 2 Proportion of only ELISA-positive (00) and MHDA-
positive (M) patients according to (A) Tsui score. (B) Mean
unified dose of the last 10 injections. (C) Treatment duration.

incidence of 0.59%/year. Mean treatment duration in the
abobotulinumtoxinA group was significantly higher (12.6 £ 5.3
years; P < 0.001) resulting in a mean incidence of 1.05%/year.
In the switcher group, treatment duration was comparable to
the onabotulinumtoxinA group (9.6 & 6.4 years); the estimated
mean incidence in this subgroup was 2.98%/year, which is

approximately 5 times higher than in the onabotulinumtoxinA

group.

Discussion

Lack of predictors for the
presence of neutralizing
antibodies

The present study presents data on CD patients effectively trea-
ted long term with intramuscular BoNT injections for up to

MOVEMENT DISORDERS CLINICAL PRACTICE 503

doi:10.1002/mdc3.12322



RESEARCH ARTICLE

Prevalence of Neutralizing Antibodies in CD

21 years. There is no evidence for a systematic loss of efficacy
of BoNT injections or that patients treated over decades
respond not as well to BoNT than those treated for only a few
years. This was also reported in other publications on long-term
BoNT treatment in CD.">'*'"?" When we plotted the Tsui
score against treatment duration, a completely flat regression
line resulted. Patients’ scoring of treatment eftect even indicated
a continuous improvement with duration of therapy. There
were patients reporting little clinical eftect of BoNT treatment
who did not develop NABs, whereas others responding well to
treatment developed NABs. Thus, neither objective Tsui scores
nor subjective patients’ efficacy scoring are good parameters to
reliably predict NAB presence. Increased proportions of patients
with a positive NAB test with high CD severity, with higher
BoNT doses, and with long treatment duration underline the
well-known fact that these are obvious risk factors for NAB

21

development.” However, there is no obvious, good clinical

criterion clearly predicting the presence of NABs.

Partial secondary treatment
failure and switching of BONT
preparation as a predictor for
NAB presence

So far, there is no precise definition of partial secondary treatment
failure in the literature. Without a clear-cut formal PSTF criterion
based on CD severity, a blood test for NAB presence ordered
when treating physician and/or patient think that treatment is
unsuccessful, may show surprisingly few positive test results:
Among 362 samples of CD patients with treatment failure col-
lected from 65 centers across Germany, only 175 (48.3%) were
MHDA positive.'> Similarly, only 4 in 22 (18.2%) patients with
“a less than satisfactory response” tested positive in the mouse
protection assay.”’ Furthermore, only 4 of 8 CD patients “who
reported a less than satisfactory response to their BoNT injections
on two consecutive visits” tested positive in the MHDA.'® A sim-
ilar low percentage (48.3%) of NAB-positive patients among their
secondary nonresponders was reported by Kessler et al.'*

Using a formal PSTF criterion based on a systematic worsen-
ing of at least 2 Tsui score points over two treatment cycles, 31
PSTF patients were detected and analyzed for the presence of
NABs (these patients are not included in the present study
cohort).” In 25 of them (80.6%), MHDA was positive (manu-
script submitted). Therefore, PSTF is a strong predictor of
NAB presence: The stronger the clinical criteria for PSTF, the
higher the probability of NAB presence.

Patients switched from one BoNT preparation to another are
also high-risk subjects for the presence of an immune
response.” In our switcher subgroup, a high proportion (>28%)
of NAB-positive patients was found. Thus, switching of BoNT
preparation may be a further predictor for PSTF development
and NAB induction.

Patients with a high Tsui score receiving high BoNT doses
are highly likely to not experience a clear clinical effect, a crite-

rion necessary for inclusion into the present study. These
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patients are at a high risk to develop PSTF. Some of these
patients discontinued BoNT therapy; several others were
referred to DBS.**2* This is probably the reason why the
groups with the highest Tsui score and the highest doses did
not have the highest NAB prevalence in the present study
(compare Fig. 2A-C).

High prevalence and low
incidence of NAB induction in
long-term CD treatment

At first glance, a prevalence of 14.6% of NAB-positive patients
in our cohort seems high (although a similar proportion of
16.6% was previously reported'”). However, mean treatment
duration in our study was 11.7 years. This results in a NAB
incidence of 1.26%/year, which concurs with Kaplan-Meier’s
analysis of a (retrospective) study in which a PSTF incidence of
1.65%/year was estimated.'” Taking into account that around
80% of PSTF patients (identified as PSTF with our formal defi-
nition) presented with NABs (manuscript submitted), an inci-
dence for NAB induction of 1.32%/year (1.65 x 0.8) can be
expected from the retrospective study,'® which is very close to
the 1.26%/year in the present study.

Our data stratified by BoNT preparation also match data in
the literature. We estimated a NAB incidence of 0.59%/year
for onabotulinumtoxinA, which compares well to the study by
Brin et al.” Their mean treatment duration was 2.5 years, yield-
ing an incidence of at least 0.49%/year. For abobotulinum-
toxinA, slightly higher incidences between 0.9%/year” and
2.2%/year”® have been reported compared to our estimate of
1.05%/year. Because only a few patients had been exclusively
treated with incobotulinumtoxinA or rimabotulinumtoxinB, the
small sample size did not permit separate analyses for the
incobotulinumtoxinA and the rimabotulinumtoxinB subgroups.
Recent literature suggests that NAB incidence for incobo-
tulinumtoxinA is even lower than that of onabotulinum-

3,9,10,27,28

toxinA,’ and that it is much higher for

rimabotulinumtoxinB than for all BONT/A preparations.>>""
The relevant factor for these differences is probably the different
antigenic protein load of the different BONT preparations.®>

In summary, the estimates of NAB incidence in the literature
seem to be consistent. Given that induction or boostering of
NABs may occur at any time during the course of BoNT treat-
ment, high NAB prevalence has to be expected with long dura-
tion of treatment despite low NAB incidence. The present cross-
sectional study strongly supports this expectation and indicates
that despite low NAB incidences in CD, the problem of neutral-
izing antibodies for long-term treatment is underestimated.

Avoidance of high NAB titers and
CSTF in long-term CD treatment
High Tsui scores, need of high doses, and long treatment dura-

tion are obvious risk factors for NAB induction and PSTF
development. When injections are performed on a regular basis

doi:10.1002/mdc3.12322
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every 3 months, PSTF usually begins with a reduction of effect
duration,"" which corresponds to a systematic worsening of CD
severity at the end of the injection intervals."> Therefore, care-
ful monitoring of patients’ CD severity helps to detect PSTF
early.

Limitations of the study

In this cross-sectional study, clinical and NAB testing were per-
formed only once. Therefore, no information on the temporal
development of NABs, which may be very complex,” and on
the clinical course in parallel to NAB development, especially
in BoNT switchers, can be derived from the present study.
Furthermore, differences in subgroup sample size and duration
of treatment did not allow to test for differences in antigenicity

of the different BONT preparations.
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