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Background and Objectives: Patient-reported outcomes (PROs) have gained increasing recognition with the
advancement of patient-centered care, and their application as endpoints in clinical trials for pharmaceuticals and
medical devices has expanded in recent years. The use of electronic PRO (ePRO) systems is expected to increase further
with the rise of decentralized clinical trials (DCTs) and the digital transformation of clinical trials. While several
guidelines and recommendations on PRO implementation have been published, these primarily address general
considerations and lack disease-specific guidance. Regarding data collection methods, the FDA guidance mentions that
undue physical burden during PRO completion can negatively impact data quality and completion rates. However, it
does not specifically address the challenges faced by patients with upper limb motor dysfunction, such as muscle
weakness, ataxia, dysmetria, or involuntary movements. While electronic data capture is generally expected to improve
accuracy and collection rates, it is unclear whether electronic PRO collection is the optimal approach for patients with
neuromuscular diseases. This study aimed to identify considerations and strategies for improving PRO data collection
and reliability in clinical trials involving patients with upper limb motor dysfunction, focusing on optimizing study
design and minimizing bias towards milder cases or missing data in more severe cases.
Results: We first investigated the current status and challenges of PRO implementation in neuromuscular disease clinical
research involving motor dysfunction. Using Clinicaltrials.gov, we searched for phase 2-4 clinical trials initiated since
2007 in neuromuscular diseases with primary motor dysfunction that included PROs as endpoints. We analyzed trends in
trial numbers by year and disease, and the types of PRO measures used. While previous reports indicate PRO inclusion
rates of 5-8% in other disease areas (oncology, respiratory, cardiovascular, diabetes, rheumatism, etc.), our study found
considerably higher rates in neuromuscular diseases, ranging from 20% to 80% depending on the specific disease.
Furthermore, the number of PRO-related clinical trials showed an increasing trend over time for most diseases. While
generic PRO measures were predominantly used in the past, there is a recent trend towards disease-specific PRO
measures, even those with a larger number of items.

Next, we conducted a survey to understand electronic device usage and associated challenges among patients with
upper limb motor dysfunction. Of the 70 respondents, 87% could operate a smartphone, computer, or tablet
independently, consistent with general societal trends. However, a substantial proportion reported difficulties with

smartphones or computers, even when limited to younger or literate patients. This suggests that ePRO implementation in



neuromuscular disease requires careful consideration, even in younger or less severely affected populations, to minimize
complex operations and excessive input requirements.

To determine optimal ePRO specifications for patients with motor dysfunction, we conducted a clinical study
comparing completion rates across different modalities (paper, smartphone, tablet) for the same set of questions.
Questions were simple and simulated PRO formats like Likert scales, Net Promoter Score (NPS), Visual Analogue
Scales (VAS), and numerical/text input. In the patient group with predominantly non-muscle weakness symptoms
(involuntary movements, ataxia, parkinsonism), completion rates were lower with electronic devices, even in milder
cases, and further decreased in more severe cases. This was particularly pronounced for direct input or NPS formats
requiring fine motor control. Reasons for incomplete responses included missing items, accidental logouts due to
scrolling errors, exceeding time limits, and input errors. Conversely, in the muscle weakness predominant group,
completion rates were comparable or even higher with electronic devices, especially in more severe cases. These results
suggest that data completeness and accuracy in neuromuscular disease PROs can vary significantly depending on the
response format and data collection method. However, with appropriate considerations, such as selecting the appropriate
modality based on the patient's symptoms, it is possible to collect PRO data across a range of severity levels.

Based on these findings, we developed an ePRO system using a specific PRO measure to assess feasibility across
severity levels and the impact of caregiver assistance. We created a draft of Japanese self-administered version of the
ALS Functional Rating Scale-Revised (ALSFRS-R) and implemented it as an ePRO tailored for patients with upper limb
motor dysfunction. The utility of the draft of Japanese self-administered version of ALSFRS-R (ePRO version) was
investigated by examining the PRO data acquisition rate, the concordance rate between clinician-rated ALSFRS-R scores
and patient-rated self-administered ALSFRS-R scores, and the concordance rate between caregiver-rated self-
administered ALSFRS-R scores and patient-rated self-administered ALSFRS-R scores. Of the 24 participating patients,
half were unable to write, but all were able to complete the ePRO independently. Data was missing from 4 out of 288
forms (1.4%). The intraclass correlation coefficient between patient and physician ratings was high (=0.9), suggesting
that the Japanese version of the self-administered ALSFRS-R (ePRO version) may be useful as a new PRO for ALS.
Furthermore, the use of ePRO may reduce bias, such as the inability to collect data from severely affected patients and
minimize missing data. On the other hand, discrepancies between patient and caregiver ratings were observed for items
difficult to assess objectively or related to caregiving needs, highlighting the need to consider potential caregiver
influence in neuromuscular disease PRO assessment.

Conclusion: Many neuromuscular diseases significantly impact daily living and quality of life, making patient-reported
improvements crucial treatment goals. Given the increasing trend of PRO inclusion in clinical trials and the growing
adoption of DCTs and digitalization, the importance of PROs in drug development is expected to increase further.

While existing guidance emphasizes minimizing patient burden during PRO data collection, this study focused
specifically on neuromuscular disease populations, analyzing the impact of modality and response format on PRO data
quality. Our findings demonstrate that data collection rates and accuracy vary depending on these factors, that optimal
modalities differ based on symptoms, and that careful consideration of response burden is necessary even in milder cases
or younger populations. While electronic data collection is generally perceived to improve data quality, this may not

always hold true in the neuromuscular disease context, requiring careful attention.



