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Abstract

Background Patients with cervical dystonia (CD) typically require regular injections of botulinum toxin to maintain symp-
tomatic control. We aimed to document long-term patient satisfaction with CD symptom control in a large cohort of patients
treated in routine practice.

Methods This was a prospective, international, observational study (NCT01753349) following the course of adult CD treated
with botulinum neurotoxin type A (BoNT-A) over 3 years. A comprehensive clinical assessment status was performed at
each injection visit and subjects reported satisfaction in two ways: satisfaction with symptom control at peak effect and at
the end of treatment cycle.

Results Subject satisfaction remained relatively stable from the first to the last injection visit. At 3 years, 89.9% of subjects
reported satisfaction with symptom control at peak effect and 55.6% reported satisfaction with symptom control at end of
treatment cycle. By contrast, objective ratings of CD severity showed an overall reduction over 3 years. Mean + SD Toronto
Western Spasmodic Rating Scale (TWSTRS) Total scores (clinician assessed at end of treatment cycle) decreased from
31.59+13.04 at baseline to 24.49 + 12.43 at 3 years (mean + SD reduction from baseline of — 6.97 + 11.56 points). Tsui
scale scores also showed gradual improvement; the percent of subjects with a tremor component score of 4 reduced from
12.4% at baseline to 8.1% at 3 years.

Conclusions Despite objective clinical improvements over 3 years, subject satisfaction with symptom control remained
relatively constant, indicating that factors other than symptom control also play a role in patient satisfaction.
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Introduction
The members of the INTEREST IN CD2 study group are
presented in acknowledgements section. Primary cervical dystonia (CD) is the most common type of
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pain, and embarrassment with social withdrawal are often
prominent features of CD and numerous studies highlight
the negative impact of CD symptoms on everyday func-
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rimabotulinumtoxinB (rimaBoNT-B) each have regulatory
approval for CD across several countries, and are commonly
used.

In the pre-BoNT-A era, natural history studies reported
an initial worsening of symptoms over the first years before
a period of symptom stabilisation [10]. As a rule, pri-
mary CD is not associated with spread to other body parts,
although a proportion of patients will also have postural
limb tremor and/or another focal dystonia [11]. Remission
from CD symptoms is rare, and most patients repeatedly
return for BONT-A re-injection to maintain control of their
symptoms [12—16]. Since the average age of diagnosis is
around 40 years old [17], patients usually need treatment
over decades. Surveys of CD patients have found that the
most common reason for stopping BoNT-A treatment is a
perceived lack of efficacy, even when there is a clear treat-
ment effect on clinical scales [18]. Other studies have also
identified the inconvenience of frequent injections (e.g., long
travel distances and costs) and high out-of-pocket costs as
other possible causes of discontinuation [16, 19]. Such data
indicate the need to set reasonable patient expectations of
treatment [7].

Patient-reported outcomes (PROs) are increasingly rec-
ognized as key measures of effectiveness as they provide
‘real-life’ information about a given intervention from the
patient’s perspective [20, 21]. In the case of CD, patient
satisfaction is considered especially important because it
is known to directly correlate with willingness to continue
treatment [15, 16]. The primary aim of this large, long-
term, observational study was to document long-term (over
3 years) patient’s satisfaction with CD symptom control and
identify prognostic factors for satisfaction in a large cohort.

Methods

INTEREST IN CD2 (NCTO01753349) was a 3-year mul-
ticentre longitudinal cohort study following the course of
adult idiopathic CD patients treated with BONT-A. Base-
line analyses have previously been reported [22]. The study
was conducted in compliance with the International Soci-
ety for Pharmacoepidemiology (ISPE) Guidelines for Good
Pharmacoepidemiology Practices (GPP) [23]; it began on
10 December 2012 and the last visit occurred on 25 Sep-
tember 2017. Independent Ethics Committee/Institutional
Review Board approval was obtained prior to each centre
initiation. Written informed consent was obtained prior to
subject enrolment and performance of any study procedures.

Population

Specialist centres recruited adult subjects (> legal age in
each country) with primary CD presenting for treatment

with BoNT-A in routine clinical practice. To avoid selec-
tion bias, sites were asked to recruit 8 consecutive subjects
during BoNT-A consultations during a defined period or 8
subjects recruited according to predefined frequency (e.g.,
every third patient) if consecutive inclusions were not fea-
sible. Subjects could be new to BoNT-A treatment or previ-
ously treated with BoNT, provided there had been at least a
12-week interval between the last injection and study entry.
During the study, subjects could be treated with any BoNT-
A formulation, but the decision to treat was taken prior to,
and independently from, the decision to offer enrolment to
the subject for participation in the study.

Study visits and assessments

There were four visit types in the study: Baseline Visit,
Injection Visits, End of Study Visit, and Early Discontinua-
tion Visit. Visits were scheduled according to the Investiga-
tor’s usual practice. All subjects underwent a comprehensive
clinical CD assessment at every injection visit.

The primary measure of effectiveness was subject satis-
faction with symptom control. At every visit, subjects self-
reported their satisfaction in two ways:

1. Recall of their highest level of satisfaction at any time
since the last BONT-A injection (i.e., peak of BONT-A
effect, ‘Highest Satisfaction’).

2. Rating of their current level of satisfaction with symp-
tom control (i.e., end of injection cycle, “Today Satisfac-
tion’).

Both types of satisfaction were rated on a 5-point Likert
scale (1. completely satisfied; 2. rather satisfied; 3. neither
satisfied nor dissatisfied; 4. rather dissatisfied; 5. completely
dissatisfied).

Clinical outcomes including the Toronto Western Spas-
modic Torticollis Rating Scale (TWSTRS) [24] and Tsui
scale (tremor component) [25] were also assessed as sec-
ondary measures. Data were collected using an electronic
case report form (eCRF) with sections for patterns of dys-
tonia (e.g., rotation, laterocollis etc.), injection parameters
(muscles selected, injected dose, injected volume, number
of injection sites, use of injection guidance technique),
TWSTRS, and Tsui tremor scale scores. At the start of the
study, a survey was sent to all sites to ascertain whether they
reinjected according to fixed re-injection intervals (hospi-
tal rules/usual practice), a flexible schedule (depending on
patient needs) or a mix of both.

Safety

No safety assessments were planned in this study; hence no
safety data were recorded in the clinical database. However,
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in compliance with the European Medicines Agency guide-
line on good pharmacovigilance practices (GVP Module
VI), investigators were required to report all serious adverse
events (SAEs) and all study drug-related non-serious adverse
events (AEs) occurring with aboBoNT-A to the sponsor’s
pharmacovigilance department. Safety data for other BoNT-
A were to be reported in line with national requirements but
were not available for analyses. We made an effort to review
all aboBoNT-A safety data reported and cross-checked with
this study.

Statistical analyses

We estimated that a sample size of 1050 subjects would
allow to estimate proportions of satisfied/dissatisfied sub-
jects with a precision of at most 3% based on a two-sided
95% confidence interval. Primary analyses of effectiveness
were based on the Main Study Population (MSP), which
includes all patients treated with BoNT-A at baseline,
with > 1 post-baseline satisfaction assessment and > 1 post-
baseline TWSTRS assessment. The statistical analyses of
this report are primarily descriptive. Mean and standard
deviation (mean + SD) or median measures were used to
summarise continuous variables, and absolute and relative
frequencies expressed as percentage (%) are presented for
categorical information. Satisfaction with symptom control
was predefined as a score of 1 or 2 (completely satisfied or
rather satisfied). Reported rates of patient satisfaction with
symptom control at the baseline visit were for the subgroup
of patients who had been previously treated with BoNT and
assessed previous BoNT cycle prior to study entry. Satisfac-
tion throughout the study was assessed from Cycle 2 to the
last visit.

Multivariate analyses were performed to identify the
factors associated with Today and Highest Satisfaction at
3 years. In cases of multiple injections after 1005 days from
the baseline injection, the 3-year visit was defined as the
injection visit closest to 1098 days from baseline injection.
The following 3-step procedure was used:

1. Univariate logistic regression analyses were used to
identify factors potentially associated with satisfac-
tion. The dichotomous variable where 1 =Satisfied and
0=Not satisfied was described and compared according
to potential associated factors. All predictors with a p
value <0.20 in the univariate analyses were retained for
the next step.

2. Each retained parameter was tested with the others at
the 0.001 level, to check for presence of any strong asso-
ciation between them. Associations were tested using
the Pearson correlation for continuous variables, the
Spearman’s correlation coefficient for mixed categori-
cal and continuous variables, ¢ tests for mixed binary
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and continuous variables and Chi-square test for cat-
egorical variables. If independence was not shown for
two parameters (p < 0.001), the factor with most clinical
relevance was retained.

3. Finally, a multivariate analysis to select the most rel-
evant model using a stepwise logistic regression model
was conducted to identify the prognostic factors for sat-
isfaction (modelling the probability of being satisfied or
not). A significance level of 0.2 was required to allow a
variable into the model and a significance level of 0.05
was required to retain variables in the model.

Results

The study included 113 active investigational sites in 34
countries. Of the 1050 enrolled subjects, 995 (94.8%) met
criteria for the MSP and 55 (5.2%) subjects were excluded,
with the most common reason being that the subject had
no post-baseline visit (Fig. 1). Baseline characteristics for
the MSP population are presented in Table 1 and were
similar to the interim data previously reported [22]. Most
subjects were female (68.0% overall) and the mean + SD
age was 54.8 + 13.1. Most subjects (73.9%) had a com-
plex pattern (i.e., > 2 patterns) at baseline, with rotation
(66.2%) and laterocollis (23.0%) being the most common
predominant CD patterns.

Study exposure to BoNT-A treatment

The mean + SD length of study exposure was
34.20 +9.90 months and number of treatment cycles was
8.65+3.25. At baseline, 689 subjects received aboBoNT-
A, 247 subjects received onaBoNT-A and 59 subjects
received incoBoNT-A. Injection practices were generally
in line with BoNT-A prescribing information (Table 2).
As previously reported for baseline interim data [22], the
most frequently injected muscle groups at baseline/first
visit were the splenius capitis, sternocleidomastoid, tra-
pezius, levator scapulae, semispinalis capitis, and scalene
group. These six muscle groups remained the most fre-
quently injected muscles throughout the study. Most sub-
jects were reinjected at intervals of 12-16 weeks (58.6%)
and switches between BoNT-A preparations were uncom-
mon (14.9%).

Of the 113 active sites, 68 sites treating 583 subjects
completed the survey of injection schedule practice. Of
these, 7.2% of subjects were injected at fixed re-injection
intervals, 37.4% with a flexible schedule (depending on
patient needs) and 55.4% with a mix of both.
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Discontinued (N=295)
Lost to follow-up, n=110
Withdrew consent, n=50

Enrolled
N=1050
Main study population
N=995
Excluded from main study population (N=55)
Discontinued after baseline, n=11
Eligibility criteria not fulfilled, n=3
No baseline assessment, n=3
No post-baseline visit/assessment, n=38
Completed
N=755

Fig. 1 Patient flow through the study

Subject self-reported satisfaction with symptom
control

Overall, 55.6% of subjects reported satisfaction at the end
of their last treatment cycle at 3 years (‘Today satisfaction’).
Rates of satisfaction at peak effect (‘Highest satisfaction’)
were higher, with 89.9% of subjects reporting satisfaction
over the treatment cycle prior to the 3-year visit. In general,
subject levels of satisfaction (both types) remained relatively
stable from the first to the last injection visits, with ratings of
‘Highest satisfaction’ being consistently higher than ratings
of ‘Today satisfaction’ (Fig. 2).

Factors predictive of patient satisfaction

Results for the Step 1 univariate analysis (including all base-
line factors tested) and Step 2 are presented in the Supple-
mentary Appendix (Table el and e2). Multivariate analyses
revealed that the Mean injection interval prior to satisfaction
measurement was the only significant factor in the multivari-
ate analyses associated with ‘Today satisfaction’ and was
also associated with ‘Highest satisfaction’, where longer
intervals were associated with higher satisfaction with symp-
tom control (Table 3). Higher TWSTRS baseline total scores
significantly predicted lower ‘“Today satisfaction’.

Clinical assessments and safety
Over the course of the study, no relevant changes were

observed in the overall population in terms of the anatomic
location of CD nor the predominant or secondary head/neck

Lack of effectiveness, n=10
Protocol violation/did not meet entry criteria, n=11
Other, n=114

deviation patterns or components. However, we did observe
some changes in those patients who were BoNT naive at
study entry. For this subgroup of patients, the proportion
of subjects with simple CD (one pattern) increased from
27.9% at baseline to 32.2% at 36 months, and conversely the
proportion of subjects with complex CD (at least two pat-
terns) reduced from 72.1% to 66.1%. Taken overall, 10.2% of
previously BoNT naive subjects had a shift from rotation to
laterocollis and 6.8% had a shift from laterocollis to rotation.

Mean TWSTRS Total scores (assessed at the end of
each injection cycle) appeared to continually decrease over
the course of the study (from 31.59 at baseline to 24.49 at
3 years) (Fig. 2). The mean + SD reduction from baseline in
TWSTRS Total score was — 6.97 +11.56 points at 3 years.
There was a general shift of TWSTRS Severity scores from
severe (TWSTRS severity score > 15) to mild—moderate
(TWSTRS severity score < 15). At 6 months, 15.8% subjects
shifted categories from severe to mild—-moderate and 7.4%
shifted from mild—moderate to severe versus baseline. At
36 months, 26.1% subjects shifted from severe to mild—mod-
erate and 5.5% shifted from mild—moderate to severe ver-
sus baseline. Likewise, CD-related tremor also tended to
decrease as evidenced by subtle improvements in the Tsui
categories of severity and duration. At 6 months, 12.5%
subjects had improved tremor severity from baseline (a
shift from severe to mild/none or from mild to none), while
5.7% subjects showed a worsening (from mild to severe or
from none to mild/severe). At 36 months, 17.5% subjects
had improved tremor severity from baseline and 10.0% had
worsened. Improvement was also seen in Tsui duration cat-
egories. Subjects with continuous tremor decreased from
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Table 1 Baseline characteristics (main study population)

Table2 BoNT-A treatment parameters

Demographics N=995 Injection parameters N=995
Age (years); mean+SD 54.8+13.1 Number of injection cycles; median [range] 10 [1-17]
Categories: n (%) Dose (units); median [range]

18-30 40 (4.0) aboBoNT-A (N=614) 500.0 [50.0-1833.3]
31-40 107 (10.8) incoBoNT-A (N=44) 198.6 [45.6-514.3]
41-50 211 (21.2) onaBoNT-A (N=186) 150.0 [13.3-500.0]
51-60 277 (27.8) Number of muscles injected; median [range] 4.25[1.0-18.2]
61-70 242 (24.3) Injection interval (days)
>70 118 (11.9) Mean +SD 121.5+48.4

Female/male; n (%) 677 (68.0)/ 318 (32.0)

Region; n (%)

Asia 125 (12.6)
Australia 38 (3.8)
Europe 610 (61.3)
Latin America 79 (7.9)
North Africa and Middle East 107 (10.8)

USA 36 (3.6)
CD characteristics
Type of CD; n (%)

Sporadic 932 (93.7)
Familial 63 (6.3)
Time since diagnosis (years); mean+SD 8.7+8.1
Categories; n (%)
<1 72(7.2)
1-5 361 (36.3)
>5 562 (56.5)
TWSTRS score; mean (SD)
Total 31.59+13.04
Severity 15.90+5.66
Disability 9.39+6.28
Pain 6.29+4.86
Predominant CD pattern; n (%) N=993
Rotation 657 (66.2)
Laterocollis 228 (23.0)
Retrocollis 59 (5.9)
Anterocollis 20 (2.0)
Lateral shift of the column 15 (1.5)
Sagittal shift of the column 10 (1.0)
Not applicable* 4(0.4)
Other head/neck components; n (%) N=993
Shoulder elevation 501 (50.5)
Tremor 486 (48.9)
Jerk 95 (9.6)
Not applicable 234 (23.6)

CD cervical dystonia, SD standard deviation, TWSTRS Toronto West-
ern Spasmodic Torticollis Rating Scale, USA United States of Amer-
ica
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Median [range] 107.0 [44.0 -547.0]

Mean injection interval categories (weeks); n (%)

<12 weeks 11 (1.1)
12-16 weeks 580 (58.6)
> 16 weeks 399 (40.3)

aboBoNT-A abobotulinumtoxinA, BoNT-A botulinum neurotoxin type
A, incoBoNT-A incobotulinumtoxinA, onaBoNT-A onabotulinumtox-
inA, SD standard deviation

28.0% at baseline to 22.9% at 6 months and then remained
roughly stable (22.5% at 36 months). Taken overall, the per-
cent of subjects with a Tsui tremor component score of 4
(i.e., maximal severity and duration) reduced from 12.4% at
baseline to 8.9% at 6 months, and then remaining relatively
stable thereafter (score of 8.1% at 3 years).

Overall, the AE data reported were consistent with the
known safety profile for aboBoNT-A and were as expected
in this study population. The study did not raise any new
safety concerns or changes to the known safety profile of
aboBoNT-A in this indication.

Discussion

The INTEREST IN CD2 study represents the largest CD
patient cohort treated with BoNT-A to be followed longitu-
dinally over 3 years. A previous single-cycle study, INTER-
EST IN CD1 [26], had shown that patient satisfaction with
treatment is a valuable measure of treatment efficacy, and
it was thus used as the primary outcome measure in this
larger study. We show that, despite continued improvements
in clinical features over 3 years, subject satisfaction with CD
symptom control remains relatively constant.

In this study, nine in ten patients (89.9%) were satisfied
with their symptom control at peak BoNT-A effect and just
over half (55.6%) were still satisfied at the end of their injec-
tion cycle. These rates of satisfaction are similar to those
reported in the survey conducted by Sethi et al. where 88.3%
of patients reported satisfaction at peak effect and 60.8%
were somewhat/very satisfied just prior to their next injec-
tion [26]. The lower level of satisfaction with symptom
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Fig.2 Subject satisfaction with symptom control and TWSTRS
Total scores over 3 years. Baseline satisfaction was only assessed in
patients who had previously been treated with botulinum toxin prior

to study entry. CI confidence interval, TWSTRS Toronto Western
Spasmodic Rating Scale

Table 3 Factors associated
with satisfaction in Step 3
(multivariate analysis of main

study population)

Factor Effect p value (Wald Chi- Odds ratio
square)
Highest satisfaction
Mean injection interval Continuous p=0.0364 1.073 [1.010, 1.150]
(weeks) prior to satisfaction
measurement
Today satisfaction
TWSTRS Total score Continuous 0-85 p<0.001 0.980 [0.970, 0.989]
Mean injection interval Continuous p=0.0422 1.033 [1.003, 1.069]

(weeks) prior to satisfaction
measurement

TWSTRS Toronto Western Spasmodic Torticollis Rating Scale

control on the day of the clinic visit is to be expected because
(in most cases) at least 12 weeks had passed since the last
injection when the therapeutic effects of the last injection
are expected to be waning. In this context, it could even
be suggested that the level of “Today’ satisfaction is rather
high. Indeed, at the start of the study, we questioned whether
subjects at some of the earliest recruiting centres (Cycle 1)
understood the difference between the two types of satis-
faction being assessed and provided extra training to those
sites and all new recruiting sites. It is therefore reassuring
that rates of ‘Today’ satisfaction remained relatively stable
throughout the study. The reasons why patients are still sat-
isfied at the end of a routine treatment cycle merit further
investigation. It could be that these patients were benefit-
ing from a long-lasting effect of BoNT treatment, which

provided coverage of their symptoms over the treatment
cycle. However, patients with long-term conditions often
develop excellent therapeutic relations with their treating
physician, and a good relationship is associated with better
subjective outcomes [27], including greater treatment satis-
faction [28, 29].

We found that those subjects with longer treatment inter-
vals are significantly more likely to be satisfied with control
of their symptoms than those with shorter intervals, both at
peak effect and end of cycle. In terms of satisfaction at peak
effect, it should be noted that many subjects were treated
at centres which allowed for flexible/semi-flexible injection
timings, and it may be those subjects who responded best
and were able to achieve good symptom coverage over the
full treatment cycle were the ones who had longer injection
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cycles. The reasons for greater satisfaction at end of cycle
are harder to explain, as intuitively one could expect that a
longer interval between injections would be associated with
lower ‘Today’ satisfaction. Again, it could be that subjects
with the best response were the ones who could manage
longer injection cycles. Nevertheless, the observation that
longer injection intervals do not negatively affect patient
satisfaction with symptom control is of practical inter-
est because longer intervals would help reduce the social
(fewer appointments and injections) and economic (reduced
drug costs, less physician time) burdens associated with the
ongoing management of CD. Our results also confirm the
clinical experience that patients with more severe CD (as
evidenced by higher TWSTRS Total scores in this study)
are less likely to be satisfied with their symptom control
from established BoNT-A treatment at the end of cycle. This
indicates a need for clinicians to help set clear and realistic
expectations for therapy. Patient surveys have highlighted
the high expectations patients have for their treatment, with
over 60% of patients expecting freedom from spasms and/
or freedom from pain and over half expecting to be able to
return to a normal routine [7].

Our findings of relatively constant levels of satisfaction
despite gradually improving disease severity (as evidenced
by objective rating scales), indicate that factors other than
symptom control also play a role in self-reported satisfac-
tion. For example, most patients with CD also suffer from
non-motor symptoms which may not respond to BoNT-A
treatment and which may be associated with dissatisfaction
[30]. According to the recent analysis of the minimally clini-
cally important TWSTRS change reported by Espay et al.
[31], the reduction of 7 points in Total-TWSTRS scores over
3 years represents a clinically meaningful improvement—
despite the fact that these TWSTRS assessments were per-
formed at the end of each treatment cycle. As such, these
data are in line with the suggestion that patients do not allow
their symptoms to return to baseline before requesting their
next treatment. Indeed, the majority of sites who responded
to the in-study survey reported some level of flexibility built
into their service provision. A patient observed ‘BoNT wan-
ing of effect’ may actually represent the start of diminishing
benefit and not a complete loss of benefit. Our observation
may also reflect a potential disease modifying effect from
repetitive injections. For example, Skogseid et al. reported
on five patients who had discontinued from their long-term
(=1.5 years) BoNT treatment because ‘their symptoms had
reduced to the extent that no further treatment was required’
[15].

The observation that changes in clinical presentation (i.e.,
patterns of head/neck deviation) were apparent in the sub-
group of subjects who were previously naive to treatment is
of some practical importance. In routine practice, and par-
ticularly in busy BoNT injection clinics, time limitations
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often restrict the ability to regularly perform the compre-
hensive assessments as used in this study. Patients are often
reinjected according to their prior injection schema. How-
ever, it is thought that a common cause of non-response to
BoNT treatment is poor muscle choice (or other injection
parameters) [32], and our data suggest that injectors should
pay close attention to new patients in case their pattern of
dystonia changes.

Key strengths of this study include its size, international
reach and inclusion of all BoNT-A products. Many other
studies have been restricted to one product and often one
country [25-27]. Nevertheless, the fact that the majority
of patients used aboBoNT-A in this study indicates some
site selection bias. Indeed, many of the sites involved in
the INTEREST IN CD1 study continued within the clini-
cal study program. However, it should be noted that half
(50.5%) of sites used multiple BONT-A brands (mostly offer-
ing aboBoNT-A and onaBoNT-A). The lack of routine safety
assessment is another limitation; however, the safety data
collected for the sponsor’s own product are in line with the
well-established literature [9, 12], and no new concerns were
noted. Other limitations include those inherent to observa-
tional studies. For example, the level of missing data.

In summary, the results from this study provide a compre-
hensive overview of patient presentation during the routine,
long-term management of CD with BoNT-A. While there
was a clear tendency to reduce disease severity, the majority
of patients required repeat injections to maintain therapeu-
tic efficacy and satisfaction with symptom control. A good
understanding the various factors associated with treatment
satisfaction is vital when discussing the goals of treatment
with patients (i.e., setting of realistic expectations) and for
planning treatment regimens.
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