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Background:

Rheumatoid arthritis (RA) causes persistent symptoms such as generalized joint swelling, pain, and
generalized fatigue, and leads to physical dysfunction from irreversible joint destruction. Since
these symptoms fluctuate daily and pain, general malaise, and fatigue cannot be detected by other
sensory examinations, it is difficult for patients to accurately communicate their condition to
their attending physicians except during consultations, and it is difficult for physicians to grasp
the arthritis status in online clinics where joint palpation is not possible. We planned the
following three research. The representative institution, Keio University School of Medicine
(Representative: Yuko Kaneko), carried out the research in collaboration with the subcontracting
institution, National Hospital Organization Tokyo Medical Center (Representative: Keisuke Izumi),

and the subcontracting institution, Tech Doctor, Inc (Representative: Kazumichi Minato).

Results:

1) The SDM-Q-9 physician evaluation improved significantly at 12 weeks. On the other hand, the SDM-
Q-9 patient ratings were already high at baseline, showing a ceiling effect, and no significant
improvement was observed at 12 weeks. In the 129 patients (mean age 55 years, mean disease duration
8 years) who completed the 12-week study period, higher number of steps taken with the wristwatch
wearable device was associated with lower disease activity in RA. The correlation between digital
biomarkers acquired with the wearable device and the Clinical Disease Activity Index (CDAI), a
measure of RA activity, was comparable to the correlation between traditional blood biomarkers such
as CRP and ESR and CDAI. A machine learning algorithm was also developed that can estimate joint
symptoms after 3 days based solely on data from a wearable device and environmental sensors

2) We developed an algorithm to differentiate RA and osteoarthritis (0A) from normal hand joints

We obtained consent to analyze the data from a prospective observational study on this research
theme together with data from a previous study and developed a machine learning algorithm using a
data set of 384 joint photographs (12,288 joints) together with data obtained in the same study

The learning algorithm was grown to the F1 score of >0.4 and an accuracy of 0.8 for the MP joint.
The F1 score of 0.25 for the PIP joints (0.1 for the intermediate analysis) was not sufficient, but
it is expected to be grown to an effective learning system.

3) We aimed to search for a precise biomarker that reflects the activity of arthritis even if the
C-reactive protein (CRP) level is normal. We analyzed 184 inflammation/vascular-related proteins,
and among pooled samples (n=129) with FC>1.5, p<0.05, week 0,12, we identified 28 candidate molecules
with CRP<O0. 15 that were elevated in RA compared to HC data including another cohort via a bridging
sample. Twenty—eight candidate molecules were extracted. The correlation between CRP and CDAI was
verified in all cases, and then the correlation was narrowed down to cases with CRP<0.15. CRP lost
significant correlation, but protein X and protein Y showed significant correlation with R>0. 3.
These may have novel potential as RA biomarkers that correlate even with CRP in the normal range,

and we are in the process of confirming this with the Intellectual Property Department.



