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Abstract

Objective: Botulinum toxin (BT) therapy is a first-line treatment for spasmodic
dysphonia (SD). However, a detailed chronological course and clinical factors that
affect the therapeutic effect have been vague. In this study, we analyzed the data
from our placebo-controlled, randomized, double-blinded parallel-group comparison/
open-label clinical trial of BT (Botox) to clarify these.

Methods: A total of 22 patients with abductor SD (ADSD) were enrolled. The
female-to-male ratio was 20:2 with a mean age of 40.0 £ 10.3 years and a median
duration of symptoms of 7.5 years. The therapeutic effect was evaluated based on
the change in the number of aberrant morae (phonemes), GRBAS scale, Voice Handi-
cap Index (VHI), and Visual Analogue Scale (VAS).

Results: The change in the number of aberrant morae peaked at 2 weeks and lasted
for 12 weeks in the BT group with significance (P < .01) compared to the placebo
group. Objective improvement (number of aberrant morae and [S] element in GRBAS)
preceded subjective improvement (VHI and VAS). The change in number of aberrant
morae and VHI showed a significant correlation (P < .01). The changes in the number
of aberrant morae, VHI, and VAS in younger subjects were greater than in older sub-
jects. Patients who presented with post-treatment breathy hoarseness or dysphagia
showed better therapeutic effects.

Conclusions: BT therapy was effective for ADSD based on both objective and sub-
jective assessments. Improvements in subjective parameters were delayed compared
to objective measures due to post-treatment breathy hoarseness. However, this
adverse event was believed to reflect the treatment effect.

Level of Evidence: 1b.
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1 | INTRODUCTION

Spasmodic dysphonia (SD) is a rare form of focal dystonia that
occurs in the absence of paralysis or other structural pathology in
the phonatory organs. It is characterized by involuntary intermit-
tent spasms of the intrinsic laryngeal muscles.!? Depending on
the muscles involved, SD is divided into adductor, abductor, and
mixed types. Among them, 80-95% are adductor SD (ADSD)
followed by abductor SD (ABSD) and mixed SD.®> In ADSD,
intermittent glottal closure blocks expiratory airflow during pho-
nation causing voice breaks, which makes the voice strained and
strangled. SD may affect females more, with a 1.1:1 to 4.1:1
female: male ratio.?*® The mean age of onset ranges from 31 to
51 years.2>”7 Treatment modalities for ADSD aim to prevent
vocal fold hyperadduction and include voice therapy, botulinum

8-10 and

toxin (BT) injection into the thyroarytenoid muscle,
surgical interventions that include thyroarytenoid myectomy,
selective adductor denervation-reinnervation surgery, and type
2 thyroplasty.111>

Among them, BT injection therapy is generally the treatment
of choice for SD.>1%1617 However, few well-controlled clinical
studies have been performed.18 In addition, BT for SD treatment
has not been approved in the USA, Europe, or Asian countries.®
Therefore, we conducted a multi-center placebo-controlled, ran-
domized, double-blinded parallel-group comparison/open-label
clinical trial of BT (Botox) therapy (the “BOtulinum toxin Injection
therapy for Spasmodic dySphonia” [BOISS] study) in Japan. That
study confirmed the effectiveness and safety of BT therapy for
both ADSD and ABSD,*’ and BT therapy for SD was approved in
Japanin 2018.

Although BT injection is an effective treatment modality, there
remains an issue that a chronological course of post-treatment voice
change and clinical factors to affect the therapeutic effect have not
been clarified by high-quality clinical studies. Therefore, we further
analyzed data from the BOISS study to increase our understanding of
clinical pictures after BT therapy for ADSD by evaluating disease spe-

cific voice parameters.

2 | MATERIALS AND METHODS

The BOISS study was performed as an investigator-initiated clinical
trial approved by the Pharmaceuticals and Medical Devices Agency
(PMDA) of Japan under Good Clinical Practice (GCP) guidelines. It was
conducted at eight Japanese institutes. In the present study, we ana-
lyzed data of ADSD subjects to explore the post-treatment clinical

course in detail.

21 | Participants

The major inclusion criteria of ADSD patients were aged 12 years or
older, duration of SD voice symptoms 26 months, and moderate to
severe SD (212/25 in aberrant morae). The exclusion criteria were
coexisting systemic neuromuscular disease excluding dystonia, vocal
fold paralysis or symptomatic swallowing disorder, prior surgical treat-
ment for SD, and having received voice therapy within the last
8 weeks or BT therapy within the last 24 weeks. Participants were
randomly assigned to either the BT or placebo group at a 1:1 ratio
using a computerized randomization method. The patients and physi-
cians were both blinded until the key code was opened 16 weeks
after the initial injections and data were fixed in all patients.

2.2 | Study design

For the initial injections in ADSD patients, we followed a double-blinded
and randomized procedure, and up to two re-injections of BT were
allowed as an open-label study. The drug and placebo were dissolved in
saline and transcutaneously injected into the thyroarytenoid muscle
through the cricothyroid membrane under electromyography guidance.
The initial injection dose was 2.5 U and the first re-injection dose was
1.0-2.5 U depending on the initial response. These two injections were
administered unilaterally to prevent possible severe adverse events (AEs)
by BT. The second re-injection dose was 1.0-2.5 U unilaterally or bilater-
ally. The interval between injections was at least 12 weeks. After each
injection, patients were followed-up at 2 and 4 weeks, and every 4 weeks
thereafter, during the entire 48-week study period. At each visit, the num-
ber of aberrant morae, GRBAS scale, VHI, and VAS scores were collected.

2.3 | Moramethod

In Japanese, mora refers to a minimum rhythmic sound unit (pho-
nemes) as represented by a single Japanese vowel or consonant-
vowel complex.2° Japanese words are composed of morae, analogous
to syllables in English. Phonatory disorder in SD is represented by
aberrant mora production. According to a previous report by Kumada
et aI,21 the patients were asked to read the following sentence aloud:
“mu/ka/shi/a/ru/to/ko/ro/ni/ja/k/ku/to/i/u/o/to/ko/no/ko/ga/i/ma/
shi/ta” (many years ago, there lived a boy named Jack). It contains
25 morae with many vowels and voiced consonants, which are likely
disturbed in ADSD. Voices were recorded using a digital sound
recorder (ICD-UX543F, Sony, Japan) without any personal informa-
tion. The voice data were sent to a central evaluation committee

online and three phoniatric experts separately evaluated each mora as
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normal or aberrant and counted the numbers of aberrant morae.

Median values of the three were used for analysis.

24 | GRBAS scale

The GRBAS scale developed by the Japan Society of Logopedics and

Phoniatrics?%%2

was used to objectively evaluate the characteristics of
dysphonia. Grade (G) indicates the severity of hoarseness, roughness
(R) for a rasping or rattling voice, breathiness (B) for a whispery voice,
asthenia (A) for a weak voice, and strain (S) for an effortful or con-
stricted voice. Each element of the GRBAS is scored as follows: O (nor-
mal), 1 (mild), 2 (moderate), or 3 (severe). Voice disorder in ADSD is
characterized by a high score of the (S) element. In this study, each

physician evaluated the GRBAS scale by listening to patient voices.

2.5 | Voice Handicap Index

The VHl is a patient-rated scale developed by Jacobson et al to rate the
severity of disability caused by verbal communication impairment.?*
The questionnaire of VHI includes 30 items and a 5-point scale is used
for each item: O (never), 1 (almost never), 2 (sometimes), 3 (almost
always), and 4 (always). Total scores range from O to 120; the more
severe the subjective voice disorder, the higher the total score. We

used the Japanese version of the VHI?® with minor modifications.

2.6 | Visual analogue scale

Participants subjectively assessed their dysphonia severity using a
100 mm VAS; higher scores indicated that phonation was more
affected. The left and right anchor points corresponded to no dyspho-
nia (0) and the worst dysphonia (100), respectively.

2.7 | Safety evaluation

As safety evaluations, laboratory blood tests were examined and vital

signs were recorded. Any undesirable or unexpected signs, symptoms,

TABLE 1  Subject demographics

BT (n = 11)
Age (y) 38.5+11.2
Female:male 10:1
Disease duration (y) 10.5 + 10.0
Number of aberrant morae 19.2 +1.36
(S) in GRBAS 21+0.21
VHI 78.5 £ 5.69
VAS 71.9 £ 3.56

diseases, or accidents arising after injection throughout the study
period were collected as AEs, based on thorough interviews by clinical

research coordinators.

2.8 | Statistical analysis

The outcomes included the changes in number of aberrant morae,
GRBAS scale, VHI, and VAS at each evaluation timepoint. Differences
in least-squares mean values between groups were calculated with
two-sided 95% confidence intervals (Cls) and P-values. Data were
analyzed using the Wilcoxon sign rank test, and the Wilcoxon rank
sum test was used to compare differences between the two groups.

For all comparisons, a P-value < .05 was considered significant.

29 | ETHICS STATEMENT

The clinical trial was performed in accordance with GCP guidelines
and the ethical principles of the Declaration of Helsinki. The study
protocol and informed consent form were reviewed and approved by
the Institutional Review Board of Kochi Medical School (ID: 1492501)
and of other institutions. Written informed consent was obtained
from each patient prior to randomization. The trial was registered with
the Center for Clinical Trials of the Japan Medical Association
(Registry ID: JMA-1IA00176).

3 | RESULTS
A total of 22 ADSD patients were enrolled and 11 were assigned to
each of the BT and placebo groups. The ages, female-to-male ratios,
and disease durations did not differ between the two groups
(Table 1); neither did the number of aberrant morae and (S) scale, VHI,
and VAS at enrollment.

Changes in aberrant morae at 4 weeks after injection (primary
endpoint) were —7.0 + 2.30 and —0.2 + 0.46 in the BT and placebo
groups, respectively. The least mean-squares difference (95% CI)
between the two groups, of —6.5 (—11.6, —1.4), was statistically sig-
nificant (P = .0148) (Figure 1). In the BT group (n = 11), dysphonic

Placebo (n = 11) P
41.6 + 10.0 429
10:1 1.000
59+34 .575
21.3+1.86 263
1.9 £0.34 .366
72.5+5.01 .093
729 £545 .843

Abbreviations: BT, botulinum toxin; VHI, Voice Handicap Index; VAS, visual analogue scale.
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parameters after BT/placebo administration were chronologically
compared to baseline (Table 2). Aberrant morae significantly
decreased from the baseline for 2-12 weeks post-injection with a
peak at 2 weeks. The (S) element in GRBAS also decreased after 2 to
8 weeks. VHI significantly improved from 4 to 12 weeks but was non-
significant at 2 weeks. VAS showed post-injection improvement; how-
ever, it was statistically nonsignificant. The placebo group did not
show any apparent changes throughout the study period.

All 22 subjects received at least one BT injection. The parameters
significantly decreased (vs baseline) at 4 weeks after initial BT injec-
tion: number of aberrant morae, —8.7+7.8 (P <.01); (S), —0.82
+1.03 (P <.01); VHI, —24.1 £ 26.7 (P < .01); and VAS, —21.9 + 28.3
(P < .01). The decrease in number of aberrant morae and VHI showed
significant correlations (P < .01, Spearman's rank correlation coeffi-
cient) (Figure 2).

Subjects were divided into two groups according to their ages:
younger (<40 years, n = 12) and older (=40 years, n = 10) groups.
Although there was no statistical significance, the changes in all
parameters were greater in the younger group than in the older group

(Table 3). Disease durations of the subjects ranged from 6 months to

©——@ botulinum toxin
0----0 placebo

change value of aberrant morae

-16 T T T T T
baseline 2w 4w 8w 12w

FIGURE 1 Changes in the number of aberrant morae in the
ADSD patients. The number of aberrant morae significantly decreased
from the baseline for 2-12 weeks after botulinum toxin injection with
a peak at 2 weeks. Placebo group showed nonsignificant

change. *P < .05

TABLE 2 Chronological change
values of the dysphonic parameters

Aberrant morae BT

Placebo

Placebo

Placebo

(S) in GRBAS BT
VHI BT
VAS BT

Placebo

30 years with a median of 7.5 years. Dividing the data into two groups
based on disease duration, 11 subjects had durations of <8 years and
another 11 had durations of 28 years. Although the changes in the
parameters showed nonsignificant differences between the two
groups, aberrant morae, VHI, and VAS tended to decrease more in
those with durations of >8 years (Table 3).

Nineteen subjects received at least two BT injections. We subse-
quently compared the changes in parameters at 4 weeks after the ini-
tial and second administrations of BT in them. The (S) element in
GRBAS showed a significantly greater change after the second BT
injection than after the initial injection (Table 4). Changes in aberrant
morae number, VHI, and VAS did not show significant differences.

In the BOISS study, three subjects (2 in the BT group and 1 in the
placebo group) showed no relevant change in aberrant morae after
any sessions of BT injection. We investigated these non-responders
to explore the cause of the negative response. Among them, the
(S) element, VHI, and VAS showed a tendency to improve after BT
injection (Table 5). In the protocol of the trial, the mora method was
conducted using a two-step evaluation of normal or abnormal; there-
fore, we reevaluated each mora of the three subjects using a three-
step (normal, mildly disturbed, severely disturbed) evaluation. The
results showed a gradual increase in mildly disturbed morae and a
decrease in severely disturbed morae as the number of injections
increased, although the number of normal morae was unchanged.

After the initial BT injection, 12 subjects presented with breathy
hoarseness and/or aspiration of drinking water as AEs. Ten subjects
presented with neither symptom. The changes in the parameters
(number of aberrant morae, [S], VHI, and VAS) at 4 weeks after injec-
tion were compared between the groups with/without AEs, and all
were greater in the group with AEs (P < .01, P <.05, P <.05, and
P < .05, respectively) (Wilcoxon's rank sum test) (Figure 3).

4 | DISCUSSION

Laryngeal injection of BT for SD was first introduced in 1984 by

Blitzer et al.! Since then, several studies have supported the

(Mean * SE)

2w 4w 8w 12w

—9.9 +2.66° —7.0+2.30° -6.3+1.90° —-3.5+142°

—-1.1+0.68 -0.2+£0.46 -0.3£0.62 0.4 +0.43
-1.18+033° -091+037° —0.73%0.36 —0.36 £0.24
-0.18 +0.18 -0.27 £ 0.36 —0.00 £ 0.19 —0.27 £0.30
—14.6 +7.35 -240+9.637 -20.6+9.91° -16.7 £7.59°

—-9.8+3.32 —-53+343 —-8.0+352 —5.7+4.90
—11.6 + 8.67 —20.5+8.74 —18.6 £ 10.53 —15.6 +8.68

—2.0+4.09 —62+4.67 -0.2+4.70 —-32+£395

Abbreviations: BT, botulinum toxin; VHI, Voice Handicap Index; VAS, visual analogue scale.

2<0.05 (vs baseline).
b<0.01 (vs baseline).
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effectiveness of this therapy. Blitzer et al reported a 91.2% response
rate in a large series of 1300 patients.® Tisch et al treated 144 patients,
of whom 81.9% showed excellent or very good outcomes.® However,
most previous studies were case accumulation series and the quality
of evidence was limited. Boutsen et al?® analyzed 30 studies and
reported that BT therapy led to a moderate improvement; however,
patient cohorts, measurements, and treatment conditions varied. A
systematic review?” found only one study with high methodological
quality on BT therapy for ADSD. In that study, Troung et al,?® which

100
80
°
60 ° o« -
5 40 o . .
20 °
o ©®
.3" - ® 9 0
0| - .
e °
°
-20
-5 0 5 10 15 20 25

number of aberrant morae

FIGURE 2 Correlation between the number of aberrant morae
and VHI at 4 weeks after botulinum toxin injection. The decreases of
number of aberrant morae and VHI showed significant

correlation. (P < .01)

was a prospective, randomized, double-blinded clinical trial with
blinded outcome assessments, the BT group showed a significant
reduction in voice perturbation and fundamental frequency range. In
addition, the spectrographic voice characteristics and speech scores
improved. However, these parameters are not specific for SD, and
subjective parameters were not included in their study. Therefore, we
performed a placebo-controlled, randomized, double-blinded parallel-
group comparison/open-label clinical trial for ADSD to create high-
quality evidence of the therapy.’ It showed that BT therapy led to
significant improvement in voices in terms of aberrant morae. In addi-
tion, the (S) component of the GRBAS, as well as VHI and VAS,
improved. These results demonstrated that both objective and subjec-
tive parameters improved.

In this study, the aberrant morae number and (S) scale showed a
peak of improvement at 2 weeks after BT therapy and the improve-
ments lasted for around 12 weeks. These results indicate that objec-
tive improvement in the voice was achieved in early phase. However,
VHI and VAS as subjective parameters showed peaks of improvement
at 4 weeks. The time lag of the peak therapeutic effect between
objective and subjective parameters may be explained by post-
treatment breathiness of the voice, which impairs verbal function. The
breathy voices gradually disappeared within 4 weeks leading to fur-
ther subjective improvements in VHI and VAS. Although there was a
time lag, the decrease in aberrant morae and VHI showed a significant
correlation at 4 weeks. We believe that a combination of objective
and subjective assessments provides a detailed picture of post-
therapeutic clinical course after BT therapy.

The present study showed that improvement in objective and
subjective parameters lasted for 12 weeks or longer. This is consistent
with previous studies reporting a duration of therapeutic effect of
11 to 16 weeks.>?172% On the other hand, the change in VAS was
not significant, although it showed an improvement. This suggests

that VHI is a better subjective indicator than VAS. Previous studies

TABLE 3 Change values at 4 weeks by age and disease duration after BT injection

(Mean + SE)
n Aberrant morae (S) in GRBAS VHI VAS
Age (years) <40 12 -10.8 +2.07 —-1.00+0.22 -29.8+8.16 —-27.9+794
240 10 —6.2+244 —0.60 £ 0.35 -171+7.21 —14.7 £ 8.68
Disease Duration (years) <8 11 —6.5+2.29 —0.82 £0.32 —16.8 £8.28 —18.3£8.30
>8 11 -10.9 +2.18 —0.82+0.30 -31.3+7.19 —25.5+8.61
Abbreviations: BT, botulinum toxin; VHI, Voice Handicap Index; VAS, visual analogue scale.
TABLE 4 Change values at 4 weeks
M + SE
(Mean ) after initial and second BT injection
Aberrant morae (S) in GRBAS VHI VAS
Initial —-85+1.88 —-0.79 £0.24 2 —257+6.31 —23.1+6.62
Second —-10.2+2.01 —1.37+0.23 —23.6 £5.75 —28.0+7.56

Abbreviations: BT, botulinum toxin; VHI, Voice Handicap Index; VAS, visual analogue scale.

#<0.05.
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TABLE 5 Re-evaluation of morae after BT injection in non-responders

Morae

1093

Case ID BT inj. Normal/abnormal
01-01 (BT group) Baseline 1/24
Initial inj. 1/24
1st re-inj. 1/24
2nd re-inj. 1/24
02-03 (Placebo group) Baseline 1/24
Initial inj. 1/24
1st re-inj. 1/24
07-02 (BT group) Baseline 3/22
Initial inj. 1/24
1st re-inj. 2/23
2nd re-inj. 1/24
Abbreviations: BT, botulinum toxin; inj., injection.
25 - — p<0.01 —
)
£ 20
=
: R
— ° )
= 157
s H
= -4
——
2 10
<
3 |
5 O] $
= °
= o)
= == ¢
-5
AE (-) AE (+)
—— p<0.05 —
80 1
g
= 601 °
=
o
(=7
s 40 W N
?g .
< 20 1 °
= =
3
£ ol H
> [ ]
——
-20
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1/0/24
1/0/24
1/6/18
1/16/8
1/0/24
1/0/24
1/5/19
1/2/22
1/9/15
2/14/9
1/19/5

(S) in GRBAS

Visual analogue scale

Normal/mild/severe (S) in GRBAS VHI VAS
3 95 100
3 79 73
1 62 50
1 78 75
2 53 64
3 61 66
1 40 43
2 82 47
2 67 43
2 63 39
2 65 41
—— p<0.05 —
3.0
2.5
2.0 o
1.5
1.0 1 s00e
0.5- ‘L
0.0 ——eesesce—
-0.5 1
-1.0 1 i
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FIGURE 3 Comparisons of post-treatment change values between subjects with and without adverse events (AEs). Change values of number
of aberrant morae, (S) in GRBAS, VHI and VAS were greater in subjects with AEs than those without AEs
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have also reported that VHI is commonly used to assess the treatment
effect for SD.3032

In younger patients or those with longer disease duration, the
therapeutic effect tended to be greater. This result is seemingly con-
tradictory, as younger patients likely have a shorter disease duration.
However, in subjects of this clinical trial, there was no significant cor-
relation between age and disease duration. It is possible that younger
patients have more plasticity of the disordered central nervous system
network. Patients with longer disease duration may have stable or lit-
tle progression of SD. This may explain why they tended to show bet-
ter responses, although further study is required. The (S) element
showed greater change after the second administration than after the
initial administration. The number of aberrant morae, and VHI and
VAS scores, after second injection tended to show better improve-

ment. Namin et al®®

reported that BT dosing decreases as the treat-
ment is repeated. This is suggestive of an increase in the therapeutic
effect over time. Patients with SD usually have secondarily acquired
strained phonation. Repeated BT administration may address this
issue and lead to an increased therapeutic effect.

In the BOISS study, the primary endpoint was evaluated by
aberrant mora, and three subjects did not respond to any of the admin-
istrations. The original mora method evaluated each phoneme using a
two-step assessment of normal or abnormal. Therefore, we reevaluated
the voice data using a three-step assessment. The results indicated a
gradual shift of severely to mildly disturbed morae. It indicated that a
partial response was achieved by BT therapy, even in these non-
responders. The improvements in (S), VHI, and VAS also support this
partial response. Severely advanced SD or secondarily acquired hyper-
tonic phonation may lead to incomplete restoration of disturbed morae.

Temporal breathy hoarseness and liquid aspiration are common
AEs after BT therapy. Brin et al® reported that these AEs are mild and
generally restored within 2 weeks and thus are not clinically problem-
atic. In the present study, patients presenting with these AEs showed
a significantly better therapeutic effect in terms of objective and sub-
jective assessments. Previous studies have also reported that patients
with post-treatment hoarseness or aspiration show better or longer
treatment effects.®1”3* These AEs are believed to reflect the thera-
peutic effect.

The major limitation of this study was the small number of sub-
jects due to the strict inclusion criteria and rarity of the disease. In
addition, the BOISS study was conducted as a multi-center clinical
trial and BT injection was performed by multiple investigators. This
may lead to technical variance among injections. However, we believe
that the high-quality study design and thorough observation address
these limitations. Also, disease specific objective evaluation in terms
of aberrant morae and GRBAS provides a detailed understanding of
clinical picture after BT injections in patients with ADSD.

5 | CONCLUSION

We conducted further analysis of outcomes after BT injection therapy

for ADSD. Significant voice improvement was achieved for around

12 weeks after treatment. Younger patients or those with longer
disease durations tended to show better treatment effects. Due to
post-treatment breathy hoarseness, improvements in subjective
parameters (VHI and VAS) followed improvements in objective parameters
(aberrant mora number and [S] scale). However, patients who showed
breathy hoarseness or liquid aspiration had greater treatment effects.
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