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Background Game Application Registry & Directory Data & Analysis Design Principles Summary

Summary

me Application * One application per clinical problem
Game ppiications * At-Facility or At-Home

CTGS (Clinical Telegaming System) * Solo (patient) or Dyadic (patient + caregiver) Play

Clinical Telegaming Gameplay telemetry T Feedback / next-task adjustment

* A Four-layer Architecture

* [llustrated with a game
application for dementia
caused by Alzheimer's disease

Domain Registry & Directory * Each scoped to its own problem domain (CTGaming)
' * Private data, public metadata
PDP (PORTAL-DOOR Project) » Traceable provenance

Metadata record registration T Validation / analysis results

Data & Analysis Infrastructure - Oneinfrastructure, many domains (NPDS)
NPDS (Nexus-PORTAL-DOORS-Scribe)  ° An analysis layer on top (LINKS)
LINKS (Learning Intelligence aNd Knowledge System)

Governing design principles T Quality metrics

Design Principles - The standard in data

DREAM (Discoverable Data with Reproducible ~ * Compliance is checked quantitatively
Results for Equivalent Entities with Accessible  * Applies uniformly, regardless of domain
Attributes and Manageable Metadata)
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Dementia

An acquired brain syndrome of progressive cognitive decline
 Decline across =22 cognitive domains
* Memory, attention, language, judgment, and more
* Severe enough to disrupt independence in daily activities
 Caused by an underlying disease of the brain nervous system

* Most commonly Alzheimer's disease ( 60-70%)

* Also cerebrovascular disease, Parkinson’s disease, Multiple Sclerosis, Pick’s
disease, Lewy’s disease,

ICD-11 (The International Statistical Classification of Diseases and Related Health Problems version 11)



https://icd.who.int/browse/2026-01/mms/en#546689346
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Alzheimer’s Disease (AD)

Rx only

XLEQEMBI

(lecanemab-irmb)
Injection

What? - e
« A progressive brain disease - | E
* Brain cells gradually die, causing the brain to atrophy | R
* Lead to cognitive define in memory, thinking and others

(100 mg/ml)

https://time.com/6245670/lecanemab-

Mechanism?
* Progressive accumulation of amyloid-p plaques in the brain medicare-costs-alzheimers-drug/

* Hypothesized (not yet proven) to be a major driver

Treatment? e
* Since 2023, increasingly treated with Disease-Modifying Therapies { Kisunig™ .GV o
(DMTs) to slow the underlying disease process itself ;§;°;;::::Zb"f
« Anti-amyloid antibodies that clear amyloid-B from the brain — /
* Lecanemab (2023, biweekly infusion), e |
* Donanemab (2024, monthly infusion)
https://pennmemorycenter.org/kisunla-donanemab/
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Problems of DMTs for AD-caused dementia

@ @
888 Patients’ Side % Clinicians’ Side

1. Medications and tests are costly * Treatment-continuation decisions
* $40,000 ~ $80,000 (estimated, vary) stay coarse-grained
* £60,000~£80,000 (not covered by NHS,  Wasted spending

private-pay only)

2. Side effects
1. Brain swelling or bleeding (ARIA)
2. Occasionally fatal

3. Sparse monitoring between visits

* Misses how a patient's daily functioning
actually unfolds at home

* More frequent visits aren't realistic (added
cost, time, and burden for patients with
limited access) 5

* Unwarranted exposure to side effects



Background Game Application

Approach: Design Game-based At-Home monitoring system

© ®, . . . .
888 Patients’ Side % Clinicians’ Side
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* The game brings monitoring to * Gameplay telemetry replaces
where they already spend their the incomplete picture with
time, at home continuous data between

: : atient’s clinic visits
* Played solo or with a caregiver P

* Digital biomarkers derived from
it (e.g., recall accuracy,
decision-making time)

* Also aims to improve well-being
and quality of life through shared

play with caregivers
* Support decisions on

treatment-continuation

Gameplay telemetry: records of actions and performance during play
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Background Game Application

Research Questions

* Game Design

* What game design can effectively engage patients and caregivers in at-home
gameplay to continuously monitor cognitive and social functioning

* in support of clinicians' treatment-continuation decisions for dementia care in
anti-amyloid therapies?
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Background Game Application

Research Methods

* Game Design
* Participatory design workshops with patients, caregivers, and clinicians

* |terative prototyping, following established game design frameworks
 E.g., Outcome > Game Task > Gameplay Design pipeline (MDAO)

* Longitudinal at-home deployment (~1 year), tracking session adherence and
retention


https://mechanicsofmagic.com/wp-content/uploads/2022/01/Guidelines-for-Designing-Effective-Games-as-Clinical-Interventions_-Mechanics-Dynamics-Aesthetics-and-Outcomes-MDAO-Framework-1-1-1.pdf

Background Game Application Registry & Directory Data & Analysis Design Principles

Clinical endpoints for game task requirements

@ Pre-treatment screening © Treatment & Safety Monitoring © continuing or Stopping Treatment
Check who can safely start treatment Regular medication doses with scheduled safety scans What happens next depends on which drug was used
e e A
Confirm early AD pathology thlon A..Lecanemab Option A: Lecanemab
by brain scan or spinal fluid test Given by IV drip every 2 weeks Treatment continues long-term
Safety brain scans at set points during treatment Can switch to a weekly at-home injection )
(& J (&
e e N
Genetic Risk Test Baseline MRI Option B: Donanemab Option B: Donanemab
To estimate side-effect risk To Che{:k safety before Given by IV drip once a month Follow-up scans check how much plaque has cleared
(ARIA) starting treatment Safety brain scans at set points during treatment Treatment can stop once enough has cleared
\ J \ J
'd M\ 'd N\
CLINICAL DECISION Scan Details Regular Check-ups
Py . . Different scan types are combined . . N X X
Ellglble for antl-amyI0|d DMT? o caialh swellinygpor bleeding early Ongoing visits with the care team continue either way
. J - )
Periodic Cognitive and Functional Assessment
Cognitive measures: CDR-SB, iADRS, ADAS-Cog14, ADCOMS, MMSE Instrument and frequency after treatment or during maintenance are instituion-dependent
Function: caregiver/informant report (e.g., ADCS-MCI-ADL; preceding four-week recall) These instruments form the basis for Clinical Telegaming's candidate in-game task mapping

Summary

* Approach: Design game task based on cognitive and functional assessment already

used during the monitoring phase

* Goal: complement DMTs by enabling more precise monitoring between clinic visits
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Lecanemab: CDR-SB
°
CDR®
Clinical Dementia Rating Assessment Protocol
CLINICAL DEMENTIA RATING (CDR)
o .
Ove er eW by CLINICAL DEMENTIA 0 0 5 1 2 3
. . RATING (CDR): .
* (uestion categories
H Impairment
°
I m p alrme nt d eg ree None Questionable Mild Moderate Severe
0 0.5 1 2 3
No memory loss or slight Consistent slight Moderate memory loss; Severe memory loss; only | Severe memory loss;
Memory inconsistent forgetfulness | forgetfulness; partial more marked for recent highly learned material .
recollection of events; events; defect interferes retained; new material only fragments remain
"benign"” forgetfulness with everyday activities rapidly lost
Fully oriented Fully oriented except for Moderate difficulty with Severe difficulty with time | Oriented to person only
. . slight difficulty with time time relationships; relationships; usually
Q ue St| ons fo r p at| en tS an d Orientation relationships oriented for place at disoriented to time, often
—_— examination; may have to place
H H geographic disorientation
caregivers respectively oy
Solves everyday problems | Slight impairment in Moderate difficulty in Severely impaired in Unable to make
& handles business & salving problems, handling problems, handling problems, judgments or solve
Judgment & Problem | financial affairs well; similarities, and similarities, and similarities, and problems
Solving judgment good in relation differences differences; social differences; social
to past performance judgment usually judgment usually impaired
~— maintained
o Independent function at Slight impairment in these | Unable to function No possibility of independent function outside home
usual level in job, activities independently at these Appears well enough to Appears too ll to be
; ; shopping, volunteer and activities although ma w u !
Community Affairs socil:z}arljlg.]%uvpsu stillngelz engagelélgin sonsile' be taken to functions taken to functions
appears normal at first ' outside a family home outside a family home
glance
. . Life at home, hobbies, Life at home, hobbies, Mild but definite Only simple tasks No significant ability to do
Q u e St| O N S fo r C a re g'Ve r S : and intellectual interests and intellectual interests impairment of function at preserved; very restricted things in home
Home and Hobbies well maintained slightly impaired home; more difficult tasks | interests, poorly
abandoned; more maintained
complicated hobbies and
interests abandoned
Fully capable of self-care Needs prompting Requires assistance in Requires much help with
Personal Care dressing, hygiene, personal care; frequent
keeping of personal incontinence
belongings

Clinical Dementia Rating Worksheet

Score only as decline from previous usual level due to cognitive loss, not impairment due to other factors.



https://knightadrc.wustl.edu/app/uploads/2021/10/English-New-Zealand.pdf
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Background Game Application
This is a semi-structured interview. Please ask all of these questions. Ask any additional questions

Le C a n e m a b ° C D R - S B necessary to determine the subject’s Clinical Dementia Rating (CDR). Please note information from the additional
L]

questions.

Memory Questions for the person close to the subject:

 Overview by 1. Does he/she have a problem with his/her memory or thinking? : Yes No
* qu eSt.iO n Catego ries la. If yes, is this a consistent problem (as opposed to inconsistent)? : Yes No
©oIm pairme ntd cgree 2. Can he/she recall recent events? Usually [ |Sometimes Rarely
3. Can he/she remember a short list of items (shopping)? Usually : Sometimes Rarely
4. Has there been some decline in memory during the past year? |:| Yes |:| No

5. Is his/her memory impaired to such a degree that it would have
interfered with his/her activities of daily life a few years ago (or B
pre-retirement activities)? (in the opinion of family and friends) Yes No

6. Does he/she completely forget a major event (e.g., trip, social —
function, family wedding) within a few weeks of the event? Usually [ | Sometimes Rarely

7. Does he/she forget pertinent details of the major event? Usually [ | Sometimes Rarely

8. Does he/she completely forget important information of the
distant past (e.g., birthdate, wedding date, place of —
employment)? Usually | __|Sometimes Rarely

9. Tell me about some recent event in his/her life that he/she should remember. (For later comparison with the
subject’s responses, obtain details such as location of the event, time of day, participants, how long the event
was, when it ended and how the subject or other participants got there).

Within 1 week:

Clinical Dementia Rating Worksheet



https://knightadrc.wustl.edu/app/uploads/2021/10/English-New-Zealand.pdf
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Cllllival poiiiciiuia l\ullllg YY UL MYIICTL

Le C a n e m a b : C D R - S B Judgment and Problem Solving Questions for Subject:

Instructions: If initial response by subject does not merit a grade 0, press the matter to identify the subject’s
best understanding of the problem. Circle nearest response.

° Ove I‘VieW by Similarities:
°* qu estion cate go ries Example: “How are a pencil and pen alike? (writing instruments)
* Im pairme ntd egl’ee How are these things alike?” Subject’s Response
1. carrot...... cauliflower
(0 = vegetables)
(1 = edible foods, living things, can be cooked, etc.)
(2 = answers not pertinent; differences; buy them)
2. desk...... bookcase
(0 = furniture, office furniture; both hold books)
(1 = wooden, legs)
(2 = not pertinent, differences)
Differences:

Example: “What is the difference between sugar and vinegar? (sweet vs. sour)
What 1s the difference between ﬂ1ese things?”

3. lie...... mistake
(0 = one deliberate, one unintentional)
(1 = one bad the other good — or explains only one)
(2 = anything else, similarities)

4. river...... canal (lake...... dam)
(0 = natural - artificial)
(2 = anything else)

Clinical Dementia Rating Worksheet 12



https://knightadrc.wustl.edu/app/uploads/2021/10/English-New-Zealand.pdf

Background Game Application

Lecanemab: CDR-SB

Overview by
* question categories
* |Impairment degree

Clinical Dementia Rating Worksheet

Registry & Directory Data & Analysis
Orientation Questions for Subject:
Record the subject’s answer verbatim for each question

1. What is the date today?

2. What day of the week 1s 1t?

3. What is the month?

4. What is the year?

5. What is the name of this place?

6. What town or city are we in?

7. What time 1s 1t?

8. Does the subject know who the person close to the subject 1s
(in your judgment)?

Design Principles

|:| Correct

|:| Correct

|:| Correct

|:| Correct

|:| Correct

|:| Correct

|:| Correct

|:| Correct

Incorrect

Incorrect

Incorrect

Incorrect

Incorrect

Incorrect

Incorrect

Incorrect

Summary
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Background Game Application

Game story: "A Day at the Market"

* Morning — Orientation

* Patients open their in-game journal/calendar to start the day
* Confirms today's date and day of the week before heading out

* Midday — Judgment and Problem Solving

* Player visits a market with a shopping list: "Gather the vegetables for tonight's
soup”

* Must sort and collect items belonging to that category, ignoring distractors
(tools, furniture, etc.) mixed in among them
* Evening — Memory

. Badck [;ome, a caregiver character asks: "What did you pick up at the market
today?"

* Player must recall the specific objects they collected earlier in that same
session — the same items from the Judgment task, now used as the delayed-
recall target

Clinical Dementia Rating Worksheet 14



https://knightadrc.wustl.edu/app/uploads/2021/10/English-New-Zealand.pdf

Game Application (VR)

* Studies show VR-based
games are feasible and
enjoyable for older adults
with cognitive impairment,
and support sustained
engagement
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Meta VR Glasses
o V R C a n S i m u la t e eve ryd ay From cinema-quality entertainment to everyday tasks, all powered by a puck small enough to fit

activities in 3D, closer to real
daily life than a clinic
interview

https://www.meta.com/jp/en/quest/quest-3/
https://www.meta.com/jp/en/vr-glasses/ 15
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Thank you!

* Presenter: Kento Shigyo

* Affiliation

* Department of Computer Science and

Engineering, The Hong Kong University of
Science and Technology

 Brain Health Alliance

* Contact
* kshigyo@bhavi.us
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