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Abstract

Introduction—Nondystrophic myotonia (NDM) is caused by mutations in muscle chloride and
sodium channels. Currently there is no standardized instrument for documenting symptom
frequency and severity in NDM.

Methods—Subjects used an automated interactive telephone-based voice response diary (IVR) to
record frequency and severity of stiffness, weakness, pain, and tiredness once a week for 8 weeks
following their baseline visits.

Results—Here we describe the VR and report data on 76 subjects for a total of 385 person-
weeks. Overall there were 5.1 calls per subject. Forty-eight subjects called in 5 or more times, and
14 called in 8 times. Stiffness was both the most frequent and severe symptom. Warm-up and
handgrip myotonia were associated with higher severity scores for stiffness.

Discussion—IVR is a convenient technology to allow patient reporting of repeated and real-
time symptom frequency and severity, and is being used in a trial of mexiletine in NDM.
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Introduction

Methods

Non-dystrophic myotonia (NDM) is caused by mutations in the skeletal muscle sodium and
chloride channels [1-7], and includes disorders such as myotonia congenita, paramyotonia
congenita, potassium aggravated myotonia, and hyperkalemic periodic paralysis. The
hallmark of NDM is myotonia, impaired muscle relaxation following voluntary or evoked
contraction. Myotonia can be associated with stiffness, weakness, and pain. Although there
are some classic phenomenon associated with NDM—reduction of symptoms with
repetition (warm-up) in myotonia congenita, transient paresis in autosomal recessive
myotonia congenita, and worsening of symptoms with repetition (paramyotonia) in
paramyotonia congenita—in practice there is considerable clinical overlap between different
genetic subtypes|[5, 8, 9]. Diagnosis is based on clinical examination, electrophysiological
studies, and, ultimately, genetic testing. Myotonic dystrophy type 2 (DM2) is caused by an
unstable expansion of a CCTG tetraplet and can have a similar clinical presentation to
NDM. Unlike myotonic dystrophy type 1 which presents with significant weakness and
muscle atrophy, DM2 can present primarily with myotonia[10].

Although many promising drugs have been evaluated for the treatment of myotonia, there
are no FDA approved treatments for NDM[11]. In the Cochrane review looking at treatment
in myotonic disorders, one of the major problems identified with studies to date has been
lack of clearly defined outcome measures[12]. Although there have been a number of
genotype phenotype studies, there is no gold standard for either quantitative or qualitative
assessment of myotonia. Most studies that include patient-reported symptoms simply state
how many subjects reported a given symptom during a particular study visit or whether a
given symptom got worse, remained the same, or improved[13, 14]. In fact, it is unclear how
quantitative measures of myotonia relate to patient perception of improving or worsening
symptoms.

Increasingly, patient-reported outcome measures (PROSs) are being used to help characterize
patients’ experience of their disorder directly [15-18]. PROs have the advantage of recording
the patient experience as it occurs, without the bias of interpretation by an interviewer.
These measures can be collected in many formats, from pen and paper questionnaires, to
interactive call-in responses, and they can be used to establish outcomes as diverse as quality
of life and symptom severity. The U.S. Food and Drug Administration has increasingly been
encouraging industry to adopt PROs in public forums, and it has published guidelines for the
use of PRO measures by industry[19]. This report describes our initial use of an automated
interactive voice response diary (IVR) of real time and repeated patient-reported symptom
frequency and severity in a natural history study, which includes how the system works, as
well as initial results of symptom frequency and severity for NDM. This IVR system is
currently being used as the primary endpoint measure in an ongoing phase 11 trial of
mexiletine for NDM.

The NDM subjects enrolled in this study (n=76) were all part of the Consortium for Clinical
Investigation of Neurological Channelopathies (CINCH) Group’s Non-dystrophic Myotonia:
Genotype-Phenotype Correlation and Longitudinal Study, sponsored by the NIH Office of
Rare Diseases Research. Subjects were recruited from 6 academic centers across the United
States, Canada, and United Kingdom between 2006 to 2009. All sites received approval by
their IRB for investigations involving human subjects, and informed consent was obtained
from all study participants. For subjects less than 18 years of age patient assent and parental
consent were obtained. Inclusion criteria were: age greater than 6 years; clinical symptoms
or signs suggestive of myotonic disorders; presence of myotonic discharges on
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electromyography; and persistence of symptoms and signs after discontinuation of
medications that produce myotonia (fibrate acid derivatives, hydroxymethylglutaryl CoA
reductase inhibitors, chloroquine, and colchicine). In addition subjects had to have the
absence of features suggestive of myotonic dystrophy (ptosis, temporal wasting, mandibular
weakness, and cataracts occurring before the age 50, evidence of multisystem involvement).
Exclusion criteria were: inability or unwillingness to provide informed consent, or other
neurologic conditions that might affect the assessment of the study measurements.

All subjects underwent a baseline visit which included a symptom questionnaire, physical
examination, and electrophysiological studies. Genetic testing was performed on all
participants. For this study, subjects were grouped into chloride channel mutations, sodium
channel mutations, DM2, and no mutation detected. Genetic testing was based on previously
published mutations (OMIM # 255700, 160800, 118425, 168300, 170500, 608390, 602668),
and subjects with no mutations detected may turn out to have novel mutations.

Interactive Voice Response system (see Figure 1)

At the baseline visit, participants were given a brief orientation to an automated interactive
voice response (IVVR) system, and were expected to call in once weekly for 8 consecutive
weeks. As part of the IVR system orientation, subjects were given the toll-free phone
number, a unique identification number, and an instruction sheet for use of the telephone-
based IVR data collection system. When subjects first use the system by dialing the toll-free
phone number, they hear a brief welcome message, a reminder that their participation is
voluntary, and are instructed to press specified keys on the telephone number pad to begin
reporting their symptoms. This IVR system assessed symptom severity and frequency in
four categories: muscle stiffness, weakness, pain, and tiredness. When subjects called in
they were asked to answer four core questions: whether or not they experienced stiffness,
weakness, pain, or tiredness (yes/no) in the prior week. If they gave a positive response to
any of the core questions, second tier questions asked them to rate the frequency they had
each symptom (days/week) and to rank the severity of each symptom on a scale of 1-9, 1
being minimal and 9 being the worst ever experienced. Before moving on to each element of
the IVR the automated system asks participants if the information they have entered is
correct. As the interest here was in creating a real-time voice response diary of symptom
frequency and severity, once entered there was no mechanism to edit an IVR entry. This
approach was taken to reduce “editing” of entries after the fact, introducing “back-filling”
bias seen in traditional paper diaries [16, 17]. The subject response data were immediately
stored on an Oracle database. After the baseline visit a reminder was sent in the mail to the
pa:]rticipants after 1 week. A phone call reminder to complete the IVR was placed after the
4™ week.

Statistical Considerations

If there was more than one call into the system in a given week and the adjacent week had
no calls, the average severity score and number of days was extrapolated into the two week
period. In cases where the number of days reported exceeded 7 days, it was reduced to 7
days. Compliance was considered 100% if a subject called in at least once each week for the
first 8 weeks.

Severity data fit a normal distribution and standard deviation both within subject and
between subjects was estimated. Median data is presented with quartile data in parenthesis
(15t quartile = Q1 = 25% of data, 3™ quartile = Q3 = 75% of data). When comparing genetic
subtypes, a mixed model was used (Laird and Ware) when fitting the severity scores and
regressing on various covariates using the maximum likelihood method. The subject
characteristics were entered as fixed effects, while each subject was considered to have a
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random intercept effect. The Wald test was used to compute significance level for the fixed
effect covariates.

76 subjects (42 male, and 34 female) had 8 week follow-up data available at the time of this
report. The mean age was 45.7 years, the median 46 years, and the range 12-79 years. The
mean age of stiffness symptom onset was 13.7 years. Twenty-five subjects (32.9%) had
sodium channel mutations, 27 (35.5%) chloride channel mutations, 5 (6.6%) DM2
mutations, and 19 (25.0%) had no mutations detected (Table 1).

The 76 participants accounted for 385 person-weeks reported during the first 8 weeks after
the baseline visit. Overall there were 5.07 calls per participant (63.4%). Forty-eight (63.2%)
subjects called in 5 or more times, and 14 (18.4%) called in all 8 weeks (Table 2).
Comparing compliance for weeks 5-8 (month 2) to compliance for weeks 1-4 (month 1)
there was a median of 1 fewer calls per participant (Q1, Q3: 0, 2).

The weekly frequency of symptoms was: stiffness 344 (89.4%), weakness 243 (63.1%),
tiredness 267 (69.4%), and pain 242(62.9%) (Figure 2A). Weekly reporting included the
number of days for which each subject experienced a given symptom. The median numbers
of days per week reported for each symptom were: stiffness 5 (Q1, Q3: 2, 7), weakness 2
(Q1, Q3: 0, 5), tiredness 3 (Q1, Q3: 0, 6), and pain 2 (Q1, Q3: 0, 7).

For each week a given symptom was reported, the patient was also asked to rate the severity
of the symptom on a 1-9 scale. The median symptom severity for each symptom was:
stiffness 4 (Q1, Q3: 2, 6), weakness 2 (Q1, Q3: 0, 5), tiredness 3 (Q1, Q3: 0, 5), and pain 3
(Q1, Q3: 0, 5). The mean symptom severity was stiffness 3.85, weakness 2.53, tiredness
2.85 and pain 2.68 (Figure 2B). Figure 2C shows the within-subject and between-subject
standard deviation (SD) for symptom severity. The within-subject SDs were 1.50 for
stiffness, 1.41 for weakness, 1.13 for tiredness, and 1.38 for pain. The between subject SDs
were 1.82 for stiffness, 2.08 for weakness, 2.35 for tiredness, and 2.25 for pain. The within
subject SD was less than the between subject SD for all symptoms reported.

Stratifying the study population by genetic mutation, there were significantly higher severity
scores for tiredness and pain for DM2 compared to chloride channel mutations (Figure 2D).
When tiredness severity scale was regressed on the genetic mutation the mean estimates
were 4.71 for DM2 and 2.30 for chloride channel mutation (p = 0.04). When the dependent
variable was pain, the mean estimates were 4.09 for DM2, and 1.71 for chloride channel
mutation (p = 0.007). Of note, stiffness did not differ significantly in either severity or
frequency by genetic subtype.

For subjects who had handgrip myotonia on clinical examination there was an average
increase in the severity score for stiffness of 1.12 (p=0.02). For subjects who had warm-up
on clinical examination there was an average increase in severity score for stiffness of 0.99
(p=0.03). There was no association between any symptom category on the IVR and eye
closure myotonia, clinical measures of paramyotonia or electromyography myotonia grade
for any muscle tested.

Discussion

We report the use of an automated telephone call-in diary of symptom severity and
frequency in subjects with NDM. Traditionally, subject compliance for paper-based diaries
has varied widely. One study noted a compliance rate of 90%, but actual on-time
compliance as low as 11%][18], and other studies have reported compliance between 11%
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and 20%[16]. In this study, we report a mean 5.07 out of 8 possible calls (63.4%) per
participant for the IVR.

The closest gold-standard for patient reported outcomes is the paper diary. Designing a
study that would compare the IVR system with a paper diary is in our opinion not feasible,
because it would require micro-managing the subject on a daily basis. Any validity study
would require recording the outcome for a specific time period in both systems, while at the
same time recording their outcomes independently of each other. We anticipate that patients
would use the diary as a script to make their VR calls. Once this occurs the disconcordance
would simply represent phone keying errors and would not reflect any error on the part of
the diary.

In addition, we do not consider the paper diary a gold-standard in the sense that it is more
accurate than most methods. To the contrary, it has been documented to be flawed in many
ways. It is well documented that patients who do not have access to their diary for an
extended period have tried to complete the diary by recall (back-filling). In addition patients
can fill in multiple forms prior to the time they are due (forward-filling)[17, 18].
Furthermore, most diaries allow the patient to see what they have recorded previously and
may cause a subliminal tendency to maintain consistency.

The IVR system represents a unique medium for patients to document their outcomes. The
natural benefit has been that a phone (land-line or cell) would be available to patients more
often than a paper diary. The IVR call is date-stamped and would prevent forward- or back-
filling of forms. In addition this automated approach reduces the time burden and potential
for mistakes seen in transcription of traditional paper forms. Based on the experience in this
natural history trial, when we designed the ongoing randomized control trial of mexiletine in
NDM we made adjustments to the protocol so that patients call in daily rather than weekly.
We designed an automated reminder system to patients for their daily calls, and if they did
not call on a particular day we contacted them again directly.

No previous studies have detailed the frequency and severity of symptoms related to
myotonia on a weekly basis over a two month period. A recent paper described 62 patients
with NDM from the Netherlands and suggested that subjects with chloride channel
mutations reported weakness significantly more than subjects with sodium channel
mutations, and subjects with sodium channel mutations reported “painful myotonia” more
than chloride channel mutations[14]. Interestingly, in our analysis of the IVR there was no
significant difference in patient-reported weakness between genetic subtypes. Pain and
tiredness appear to correlate with mutations in DM2. Overall, we found stiffness was the
most frequent and severe symptom reported, and it did not differ significantly between
genetic subtypes.

NDM is classically considered a chronic condition, although day-to-day and even hour-to-
hour variations in the degree of myotonia are often reported. A study that examined a
quantitative measure of handgrip myotonia in myotonic dystrophy reported daily test-retest
variability of 22.6% and same day intertrial coefficient of variation of 33.2%[20]. Our study
supports this notion. We found variability in weekly symptom severity, regardless of
symptom category. However, subjects report stiffness 89.4% of the time, with a median
daily frequency of 5 days per week. And higher severity scores for stiffness on the IVR, in
particular, appear to be associated with warm-up and handgrip myotonia seen on clinical
examination.

Based on the severity score for stiffness and standard deviations reported here, a two-period
cross-over study design would provide 87% to 93% statistical power to detect a change in
the severity scale of 2/3 of a standard deviation with complete outcome data from 60
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participants. Some degree of over-sampling would be required to assure that 60 subjects
provided complete outcome data. The power estimate is based on Monte Carlo simulations
using a mixed linear model rounding the random variable to the nearest integer from 1 to
9[21].

Currently, stiffness on the IVR is being used as a primary outcome measure in an FDA
Orphan Drug grant supported phase Il placebo-controlled cross-over study examining the
effects of mexiletine in NDM.
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Participant Id
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General Message
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STIFFNESS
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during the last waek
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Please rate your average amount of
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1 being minimal and 9 being the
‘worst stiffness you ever had

v

How many days of stiffness did you
have during the last week
(1to7)

hom

PAIN
Have you had
pain during the last week
If Yes press 1
If No press 2

Please rate your average amount of
pain from1to 9
1 being minimal and 9 being the
worst pain you ever had

v

How many days of pain did you
have during the last week
(to7)
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g )

Please rate your average amount of
attacks of weakness from1to 9

Have xﬁﬁgiﬁi’(s of 1 being minimal and 9 being the ‘

weakness during the last week 7 worst attacks M:Zakness you ever
If Yes press 1 YES 3
If No press 2 *

How many days of attacks of
weakness did you have during the
last week
(1to?)

Please rate your average amount of
tiredness or fatigue from 1to 9
1 being minimal and 8 being the
worst symptoms you ever had

v

How many days of tiredness or
fatigue did you have during the last |
week
(1t 7)
1 |

TIREDNESS
Have you had tiredness or
fatigue durlng the last week ?
If Yes press 1

If No press 2 YES

b @

7]
g
3

Figure 1.

Flow diagram illustrating the subject call-in process for the IVR. All subjects are identified
by entering a participant ID. Then they are asked to enter 1 for yes or 2 for no whether they
had a given symptom (stiffness, pain, weakness, tiredness) in the preceding week. Second
tier questions ask them to estimate the number of days in a given week the symptom is
experienced and then to estimate the symptom severity on a 1-9 ranked scale.
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Figure 2.

IVR—frequency and severity of reported symptoms. A. Weekly frequency of reported
symptoms (n=76, total of 385 person-weeks recorded). Subjects were considered to have the
given symptom if they answered yes to the first tier question whether they experienced a
given symptom in the prior week. Stiffness was the most frequently reported symptom at
344 weeks (89.4% of total person-weeks reported). B. Mean symptom severity (n=76, total
of 385 person-weeks recorded). If subjects experienced a given symptom in the prior week
they were asked to rate severity on a 1-9 ranked scale, 1 being minimal and 9 being the
worst ever experienced. If a symptom was not experienced, severity was assumed to be 0.
Stiffness was the most severe symptom recorded with a mean of 3.85. C. Standard deviation
for symptom reported (n=76, total 385 person-weeks recorded). The within subject standard
deviation was less than between subject standard deviation for all symptoms reported. The
standard deviation was relatively high compared to the mean for each symptom category and
may reflect natural variation in week-to-week symptomology in subjects with NDM. D.
Mean severity score by genetic mutation. There were significantly higher severity scores for
tiredness (p=0.04) and pain (p=0.007) for DM2 compared to chloride channel mutations. * =
p< 0.05, ** p< 0.01, *** = p< 0.001.
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Table 1

Demographics. 76 subjects, 385 person-weeks recorded.

Demographics

Factor | No. (%)
Subjects | 76 (100.0)
Male 42 (55.3)
Female 34 (44.7)
Mean Age (yrs.) 45.7
Median Age 46
Range 12-79
Mean Age at Diagnosis (yrs.) 31.2%

Sodium Channel Mutations 25 (32.9%)
Chloride Channel Mutations 27 (35.5%)
DM2 5 (6.6%)

No Mutation Detected 19 (25.0)

Based on 23 subjects reporting
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Table 2

Page 12

Number of weeks a call was recorded by the IVR system. Total number reporting 76. Forty-eight subjects

called in 5 or more times (63.2%), and 14 called in 8 times (18.4% of the total population).

Number of Weeks a Call was recorded by IVVR System

No. of Weeks Frequency Percent
0 2 2.6
1 6 7.9
2 4 5.3
3 7 9.2
4 9 11.8
5 11 145
6 14 18.4
7 9 11.8
8 14 18.4
Total 76 100.0
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