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Clinical study for the promotion of clinical development related to muscular dystrophy

Research summary report
1. Objective
a) Up until now, the Remudy patient registry and MDCTN clinical study network have been

managed individually, contributing to the implementation of clinical trial feasibility surveys,
patient recruiting, epidemiological research, institutional surveys within networks, and multi-
center clinical research. In order to fulfill the changing needs of clinical development such as
multi-center clinical research and practical application of evaluations after manufacturing and
sales, this study presents a new and improved clinical research framework.

b) The platform above was used for clinical studies contributing to clinical development such as
natural history research, surveys following manufacture and sales, and investigation of
biomarkers.

¢) Aclinical study was conducted which creates evidence and aims to improve standardized
treatment.

d) This study also presents useful methods for disclosing information to patients, their family
members, medical staff, researchers, and corporate personnel.

3. Results

a-1) Fusion of Remudy and MDCTN: In order to achieve efficient and universal operations,
preparations began in 2017, a joint operations committee was formed in 2018, and 2019 CareCure-
NMD (a conference for the promotion of cutting-edge care for neuromuscular dystrophy patients) was
launched in 20109.

a-2) Operation of various registries

Dystrophinosis registry (NCNP Nakamura): Registered members are gradually increasing, and the

registry has been used multiple times for feasibility studies and clinical trial subject recruiting. The
registry is currently being rebuilt so that it can be used for efficacy and safety evaluations after
manufacturing and sales.

Myotonic dystrophy (DM1) reqistry (operated by Osaka University): As of the end of November 2019,

there are 954 patients registered nationwide, making this one of the largest registries in the world. This
registry has been used for analysis of factors such as genetics and phenotype, treatment, metabolism,
and fatigue, as well as questionnaires related to patient care and preliminary surveys for guidelines. In
addition, patient recruitment for an intervention trial of DDP4I in patients with diabetes was
conducted.

oculopharyngeal muscular dystrophy (OPMD) registry (Kumamoto University Yamashita):

Preparations such as setting the data to be used for registrations have been completed, and the
registered is expected to start operations in FY2020.
Genetic analysis department (NCNP Nishino group members): This registry has been used for genetic

analysis of dystrophinosis and GNE myopathy, with analysis of 152 cases and 88 cases, respectively,
performed over a 3-year period. Mutation data for 1,497 cases of dystrophinosis was analyzed, and the
milder Becker-type characteristics of 34 cases with nonsense / frameshift mutations were considered.



Mini gene was used to create constructs with mutations identical to these 34 cases. When the
constructs were introduced into HeLa cells and the skip efficiency was measured, exon skip was
confirmed in 14 cases. In addition, higher skip efficiency was associated with milder symptoms, and
when the skip efficiency cut-off was set to 5%, the immunostaining results were consistent with
clinical symptoms and the presence or absence of exon skip in 89% of cases. When in silico software
was used for analysis, in all 14 cases without exon skip, mutations were present which either destroyed
the splicing enhancers or created new splicing silencers. As such, this was considered to the be the
means by which nonsense / frameshift mutations produce exon skip.

a-3) Implementation of multi-center collaborative research

Natural history research studies on Duchenne muscular dystrophy (DMD) and Becker muscular
dystrophy (BMD) with MDCTN as a foundation are currently being conducted. For both of these,
CareCure-NMD also functions as a research secretariat and has established fundamentals for assuring
quality in this clinical research.

b-1) Natural history research

Duchenne muscular dystrophy (DMD) natural history research study (NCNP): A protocol was created
through discussions with corporations and regulatory agencies, and after approval by the ethics
committee, a startup meeting, and a training session with evaluators, subject enroliment was launched.
The study is ongoing, and there are currently 28 registered subjects. A preliminary analysis conducted
in FY2019 confirmed that the data acquired reflects the natural history.

Becker muscular dystrophy (BMD) natural history research study (NHO Matsumoto Medical Center
Nakamura): Using MDCTN as a foundation, AMED research funds were selected, and a multi-center
retrospective study coordinated with AMED research funds is currently underway. Data from over 240
cases has been registered and is currently being analyzed. Preparations are also underway for a
prospective natural history study.

Fukuyama congenital muscular dystrophy (FCMD) respiratory function natural history (Tokyo

Women's Medical University Ishigaki): A nighttime respiratory assessment of 40 FCMD patients was

performed using a transcutaneous carbon dioxide concentration monitor. No patients refused endtidal
carbon dioxide concentration monitors, and the study was conducted on subjects with ages ranging
from 2 to 37. In all cases without artificial ventilators fitted, although no increase in CO2 was found
and symptoms did not fit the definition for respiratory failure, detailed data from both infant cases and
adult cases is currently being analyzed to search for sensitivity markers showing a tendency toward
respiratory failure.

b-2) Clinical evaluation and biomarker research
Establishment of new DMD disease biomarkers using urinary titins (Kobe University Awano):

Successfully developed an ELISA method that enables high-sensitivity identification of titin
breakdown products from small samples. This study determined that the urinary titin levels of DMD
patients are significantly elevated in comparison to healthy people, and this biomarker was shown to
indicate a high level of muscle breakdown activity. Among DMD patients with progressive symptoms
who have serum CK within standard levels as well, urinary titin was higher than in healthy people,
indicating that urinary titin is a more accurate marker muscle breakdown than serum CK. Accordingly,



urinary titin was determined to be a biomarker for the diagnosis of DMD. In mass screenings, this
biomarker was shown to be useful for detecting DMD.

Creation of revised GMFM for FCMD (Tokyo Women's Medical University Ishigaki): Reported the
validity of a gross motor function (GMFM) scale for FCMD patients. These results were used for

100 rounds of Rasch analysis implemented on 41 FCMD patients (age range 7 months - 24 months 5
years). After excluding the 12 cases with INFIT values of 2 or above, GMFM was extracted as an
evaluation item with high clinical applicability, 68 items were selected for a revised GMFM scale.
When evaluations were conducted by 4 physiotherapists using the revised GMFM scale, the results
showed that the revised GMFM could be implemented in a short time period, correlation with the
original GMFM-88 was shown to be good, and the validity of the revised scale was confirmed. The
paper has been submitted and is currently in the revision stage.

Activity scale evaluation for CMD patients using active life (Tokyo Women's Medical University

Ishigaki): The activity of six FCMD patients was measured continuously using the Philips Actiwatch
Spectrum PRO for 48 hours, with the exception of bathing time. The activity amount was recorded
every minute using units called activity counts (AC), and the average values were calculated. In
addition, for four months before and after this measurement period, motor function was evaluated
using GMFM-88, and statistical analysis was used to determine correlation between the two. For the
AC 48-hour per-minute average value and GMFM-88 scores, r2 = 0.7554. Furthermore, when
correlation was calculated for the items within GMFM-88 concerning the upper limbs only, the value
was r2 = 0.6001. Both were examined using linear regression analysis. This analysis of a small
number of cases suggests that the use of actigraphs is an appropriate method for FCMD patient motor
function evaluation.

Study on the motor function evaluation index of muscle disease using triaxial acceleration activity

meters (NHO Matsumoto Medical Center Nakamura): The use of an activity meter for measuring daily

activity volume was considered. As prerequisites for this process, (1) it must be possible to extract data
for each two-minute period covering steps taken, exercise volume, low intensity exercise not including
walking, and medium to high-intensity exercise; (2) the device must be compact, low cost, waterproof
for daily wear, and easy to put on; (3) it must be easy to use NFC for data acquisition and transfer data
to cloud storage after analysis. To fulfill these requirements, a new activity meter (MTN300VVHO)
and analysis software (drafted in MS Office Excel) were developed.

Lactate levels in saliva (NHO Matsumoto Medical Center Nakamura): When the Arkray Lactate Pro 2
was used to measure lactate levels in the saliva and blood of healthy people in various conditions and
at various exercise loads, high correlation was found in both for high-load full-body exercise after
brushing teeth. 10 healthy male subjects performed jump squat exercises for 1.5 minutes, then their
blood and saliva lactate levels where measured. In addition, when a multiple regression method was
used to estimate peak blood lactate levels for all of the subjects based on body composition, the
formula was as follows. Peak blood lactate levels = 14.787 (constant) + saliva lactate peak value x
(0.840) + heart rate x (-0.122) + SMI (Skeletal Muscle Index) x 1.276. The correlation coefficient
between the actual measured blood lactate values and those predicted from the multiple regression
equation was 0.90 (p < 0.01).



Creation of a Japanese-language DMD Functional Ability Self-Assessment Tool (Shiga Medical Center

for Children Fujii): After obtaining the permission of the copyright holder, a Japanese-language version

of this tool was created and validated.
Consideration of FGF-21 and GDF-15 hiomarkers related to mitochondrial dysfunction in OPMD
(Kumamoto University Yamashita): The subjects were 5 OPMD patients and a contrast group of 6

sporadic inclusion body myaositis (sIBM) patients and 5 ALS patients. Using a Quantikine ELISA kit,
FGF-21 and GDF-15 were measured and their correlation with OPMD patient registered data (CK,
disease duration, and age of onset) was evaluated. Although a portion of OPMD cases showed high
levels of FGF-21, no significant difference from the sIBM and ALS cases was identified, and no clear
correlations between FGF-21 and GDF-15 measured values and OPMD patient registered data could be
found.

Automation of skeletal muscle mass measurement (Yokohama Rosai Hospital Nakayama): Al-driven
automated skeletal muscle mass analysis software was developed as a cooperative project with an IT
company.

¢) Clinical research to generate evidence
Skeletal muscle image analysis using an online image registration system (NHO Suzuka National

Hospital Kuru): Developed and published a method for automatic calculation of degree of muscle
damage according to Mercuri's classification that achieved results which were nearly identical to CT

and T1-weighted images. Using the aforementioned degree of muscle damage, atrophy of each muscle
affected myotonic dystrophy was evaluated year by year and the results were presented at an
international conference.

Survey on pneumothorax complication in DMD (NHO Akita Hospital Kobayashi): The showed that

incidence rate of pneumothorax in DMD was 10.6% and that pneumothorax patients had significantly
lower body weight and larger Cobb angle than those without the condition. With cooperation from
MDCTN, a nationwide survey on the incidence of pneumothorax complication in other types of
muscular dystrophy and neuromuscular diseases. Of the 5,122 patients surveyed, there were 79 cases
of pneumothorax in a one-year period, and the incidence rate per person-year was highest for DMD, at
3.6%. The next highest rates were for congenital myopathy and FCMD, which 2.7% per person-year
and 2.0% per person-year, respectively. On the other hand, DM1 had an extremely low incidence rate
of 0.1% per person-year.

DMD prognosis prediction for myocardial damage (NCNP Segawa): Factors predicting DMD

cardiomyopathy heart failure death were considered, and the study found that echocardiography of left
ventricular end diastolic diameter (LVDd) =55 mm on echocardiography was a predictor of poor
prognosis.

Consideration of early detection of dysphagia complications and gastrostomy construction timing for

muscular dystrophy patients (NCNP Yamamoto): Subjects were adult patients with muscular

dystrophy (DM1 patients: 126, DMD patients: 44, and facio-scapulohumeral muscular dystrophy
(FSHD) patients: 33). When swallowing contrast test results were considered, dysphagia was
identified for 84.9% of DML1 patients, 79.5% of DMD patients, and 30.3% of FSHD patients. A
dysphagia questionnaire was also implemented, and when patients’ awareness of their dysphagia was



evaluated, statistically significant correlation between awareness and dysphagia complications was
found only for FSHD (sensitivity: 82%, specificity: 82%). DM1 patients had low awareness and DMD
patients were able to adjust their diet early on to cope with dysphagia. The medical records of 56
DMD patients were surveyed and characteristic symptoms of patients with gastrostomy were
considered. Decision tree analysis identified three characteristic symptoms: tracheotomy, coughing
when eating hard food, and inability to eat hard food. The decision tree determined patients with
significant gastrostomy risk (sensitivity: 77%, specificity: 95%).

Respiratory care (NHO Yakumo Hospital): Using the international guidelines listed for DMD NPPV

and airway clearance (mechanically assisted coughing = MI-E) for proper clinical applications. A
clinical study was conducted at this facility, information was exchanged with other research inside and
outside of Japan, and progress was made on the development of an environment to meet the needs of
patients and related institutions.

Study on spinal fusion caused by scoliosis (Kitasato University): Subjects were neuromuscular

scoliosis patients who underwent posterior spinal correction whose progress could be monitored for 2
years or more. Parameters such as Cobb angle (Cobb) and pelvic tilt (PO) were measured before
surgery, immediately after surgery, and during the follow-up period using seated front and side X-rays.
45 cases were available for analysis. Progress was classified as poor for 18 of these cases and
comparison of the two groups identified significant differences in a total of 7 different factors,
including Cobb, PO, and Cobb and lumbar lordosis in a supine position (SuCobb and SuLL). When
these factors were investigated using multivariate analysis, SuCobb and SuLL remained as
independent risk factors, with larger SuCobb values and smaller SuLL values indicating higher
residual pelvic tilt risk. In addition, the results of the regression analysis were used to obtain a
prediction formula. When the ROC of the scores was calculated, AUC of 0.930 had 95% CI and the
range of 0.858-1.000 had P < 0.001. The cutoff value based on the value which gave the maximum
sum of sensitivity and specificity was -0.92 (sensitivity: 78%, specificity: 89%). Supine position
Cobb and lumbar lordosis were risk factors for residual pelvic tilt. If Cobb angle remained high and
lumbar lordosis was low in a supine position, this could be an indicator of high risk for residual pelvic
tilt after surgery.

d) The MDCTN website was completely revised so that more multifaceted information can be
provided. Public lectures with over 100 participants were held in October 2017 in Okayama and
October 2019 in Niigata. At the 4th and 5th MDCTN workshops held in July 2017 and July 2018, an
opinion exchange forum was established for doctors, researchers, business people, and regulatory
authorities.

4. Topics for future study

Integrated operation of registries and clinical research using CareCure-NMD is establishing a system
for carrying out clinical development and research which organically links parties involved with both,
and multi-center research in particular should continue to be promoted. There is need for applying
registries to the accumulation of effectiveness and safety evaluation after manufacturing and sales, and
initiatives for this purpose should be carried out using Remudy as well. The use of real-world data
which contributes to clinical development for practical application of new modalities such as wearable



devices and image analysis should also be considered. For ailments such as muscular diseases which
have a slow and gentle progression, it’s highly likely that pharmaceutical treatments can be more
effective when started early through proper diagnosis. For this reason, continuing investigation of
early diagnosis and treatment systems for these diseases, including newborn screening, should be
conducted.
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