




log10(0.01), because 0.1 is the next titre value below the
detection limit of 0.1 mU/ml.
For group comparisons, an ANOVA was performed

(Kruskal–Wallis test), for group mean comparisons the
non-parametric Mann–Whitney U-test was used. These
tests are part of the commercially available statistics
package SPSS.

RESULTS
The two figures show the temporal course of NABTs over
a period of up to 50 months in secondary non-responders
who were either switched to incobotulinumtoxinA
(figure 1), or did not receive any further BoNT treatment
(figure 2).
Antibody titre values of one of the CD patients with

cessation of BoNT treatment (figure 2) were included
for a visual marker in figure 1 (symbol: black square,
bold line). This patient had high titres (upper limit of
detection); after a slow decline over the first 30 months,
the neutralising antibody test was negative at the end of
the 50-month observation period. Despite a transient
increase in 10 patients in the first 24 months under
incobotulinumtoxinA treatment (figure 1), NABTs
declined well below the initial titre in the majority of
patients (31 patients, 84%, p<0.001, � 2 test). Test assay
results were even negative or below the lower detection
limit in 23 (62%) of the patients in the follow-up, that is,
antibody titres were � 0.1 mU/ml. In figure 2 decline of
titres is demonstrated for the patients in whom therapy
was stopped (light grey squares=published patients, col-
oured circles own patients).
There was considerable interindividual variability in

the steepness of the titre decline in all three patient
populations (figures 1 and 2). In most patients receiving
incobotulinumtoxinA treatment (figure 1), baseline
titres were lower than in the patients with discontinued
treatment (figure 2). Under incobotulinumtoxinA treat-
ment, antibody titres seemed to decline into the nega-
tive detection range as rapidly as after cessation of
therapy and in some cases became negative even earlier

than in those patients who had discontinued their
BoNT/A treatment, probably because of lower initial
titres.
Mean slope of NABT decline (Š0.0516 log10(mU/

ml)/year) was lowest in the patients with partial therapy
failure in whom BoNT treatment was discontinued after
detection of positive NABTs (group 1). Variability of
slopes was also highest in this group (minimum:
Š0.2168; maximum: 0.0048; SD: 0.6463). The NABTs
reported in the literature for patients with complete
treatment failure (group 2) declined rather homoge-
neously (Š0.0664; minimum: Š1.1620; maximum:
Š0.0348; SD: 0.2897). However, the mean slope for
group 2 did not differ significantly from the mean slope
for group 1 (p=0.12). The steepest mean slope of NABT
decline (Š0.0750) was observed in group 3 (minimum:
Š0.9484; maximum: 0.1505; SD: 0.1725).
The Kruskal–Wallis test did not show any significant

differences of slopes of NABT decline between the
groups (p=0.269). Even when groups 1 and 2 were com-
bined and slopes of patients with and without
incobotulinumtoxinA treatment (group 3 versus groups
1+2) were compared, no significant difference could be
detected (p=0.816).

DISCUSSION
IncobotulinumtoxinA is a preparation free of complex-
ing proteins with a high specific biological activity.3 17

The patients included in our investigation had already
developed secondary treatment failure and neutralising
antibodies under the former treatment with botulinum
toxin type A formulations containing complexing proteins.
Despite their sensitivity to react to BoNT/A treatment with
antibody formation and despite a possible increase of
doses up to 500 MU incobotulinumtoxinA, more than
80% of these patients showed a decrease in antibody titres
and in more than 60% a reduction down to the detection
limit was observed. The antigen load of repetitive injec-
tions with 200–500 MU incobotulinumtoxinA every
3 months was apparently so low that in this cohort of

Figure 1 Decline in NABTs in 37

partial secondary non-responders

(group 3) with cervical dystonia who

were switched from their previous

botulinum neurotoxin type A

therapy to incobotulinumtoxinA

treatment following the detection of

neutralising antibodies. (coloured

symbols●, ▴, x, ▪, � ) patients
receiving incobotulinumtoxinA; (▪,
bold line) data from one patient with

cessation of botulinum toxin

therapy were included as visual

marker for comparison with figure 2.

NABT, neutralising antibody titre.
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immunologically critical patients no permanent booster-
ing of antibody titres was observed. This confirms our
hypothesis. We do not know whether this occurs because
the low protein load of 0.88–2.2 ng (200–500 MU) of
active neurotoxin is not detected by the human immune
system after intramuscular injections or because of the
lack of complexing proteins. The role of complexing
proteins regarding the efficacy of treatment in secondary
non-responders with BoNT/A is still unclear but deserves
further interest.
Since NABTs under incobotulinumtoxinA treatment

declined at least as rapidly as after cessation of therapy,
we recommend to detect antibody-induced therapy
failure as early as possible to avoid any further increase
in NABTs and development of complete treatment
failure. Comparison of figures 1 and 2 indicates the ten-
dency that in patients with partial therapy failure
(groups 1 and 3) titres return to negative values earlier
than in patients with complete therapy failure and
higher antibody titres (group 2).
This is important for further continuation of BoNT/A

treatment. It has been observed that in a patient with
antibody-induced therapy failure and negative antibody
titres after cessation of therapy after several years, no
new formation of neutralising antibodies and clinical
response occurred when continuously high doses of
incobotulinumtoxinA were injected in the following
years.18 Clinical response was also observed in the majority
of our patients after switching to incobotulinumtoxinA.13

The present data show that NABTs did not increase by
incobotulinumtoxinA treatment and we also present evi-
dence that the decline in NABTs was not significantly
different in patients who were continuously treated with
incobotulinumtoxinA following partial therapy failure
with other BoNT preparations compared with patients
who no longer received BoNT treatment after NABTs
were detected.
The present study has a potential impact on patient

management. If it is confirmed in additional studies that

the antigenicity of incobotulinumtoxinA is as low as
suggested here—it has to be kept in mind that the pre-
sented data were produced in an uncontrolled, non-
randomised study from a single centre—injection inter-
vals and dosages can possibly be modified to meet
patients’ need for an optimised individual treatment.
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