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Why psychiatric conditions are difficult to define and detect

Anxiety

Fear of situations.

For complex mental ilinesses,
such as depression, anxiety . . .

. . Having a sense of impending
and PTSD, reliable and tlmely danger or panic.
diagnosis has been Trembling.

q . Hyperventilating.
challenging due to: ——

Increased heart rate.

Easily distracted.
« Complex spectrum of S,

overlapping symptoms
« Heterogeneity
- Comorbidities

- Differences in life

Changes to

experiences menstrual cycle.

- Subjective assessments
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Stimming.
Poor impulse control.
Hypervigilance.
Sensory Issues.
(Could lead to) Sensory overloads.

PTSD

Caused by a traumatic experience.

Severe emotional distress or physical
reactions to something that reminds you
of a traumatic event.

Hyperarousal (high levels of anxiety
thinking about a traumatic event).

Recurring, unwanted memories and
nightmares about a traumatic event.

Poor working memory.

Thoughts/octions relating to self-harm.

Difficulty controlling emotions.
Easily upset.

Sleep problems.
Getting anxious casily.
Difficulty making decisions.
Rejection sensitive.

Low self-esteem.

Lack of energy.
Overthinking.

Depression

Changes in weight.

Difficulty concentrating.
Executive Dysfunction.
Emotional numbness.
Difficulty maintaining

friendships.
Hopelessness about the future.
Losing interest in things you used
to enjoy.
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Like neuropsychiatry,

neurodegenerative diseases o

exist on a spectrum

Alzheimer’s Other Dementias

Depression
Increased risk for Anxiety

wandering Slowness
Greater memory loss Impulsive

Forgetfulness ] .
9 Increased confusion behavior

Misplacin e L
P 9 Worsening judgment Hallucinations
things

Confusion about Disregarding
orientation eIt

Difficulty planning SR SANEES

Decision-making SillilTEss
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A,

Early onset
Autosomal Recessive
Juvenile Parkinsonism
+ Dystonia
Progressive Supranuclear Palsy,
Late onset

Corticobasal degeneration

Multiple System Atrophy +eye movement

+ Dysautononiia Parkinson’s  Amyotrophic lateral sclerosis,

. Guam Parkinsonism-dementia complex
Disease + motor neuron

*+ Non-motor Frontotemporal dementia

Yy

Postencephalitic
Parkinsonism

Dizhel ers \+dementio
+ psychiatric
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Key measurement challenges in CNS therapies

Translational
challenges from
Animal to Human

Complex
Spectrum of
Symptoms

Snapshot
Measurements

High Failure Rates

Hugh Marston
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Difficulties in predicting drug effect, target
engagement, and dose selection

Difficult to know what to measure - limitations of
SoC assessments, lack of biomarkers & overlapping
symptoms complicate patient stratification

Day-to-day variation in neurocognitive function and
data noise compromise accurate measurement

Neurological molecules have one of
the lowest rate of technical success at 5.9%
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Consensus resulting from
consultation with a group of
therapy developers

* Re-use of widely validated methods

+ Objective measurement of individual functional
domains and/or modalities

+ Suitable for repeated assessment

+ Suitable for deployment to small clinics, under-
resourced settings, and patients’ homes

+ Usable by patients with a range of
neurodegenerative, psychiatric and
neurodevelopmental conditions

+ Covering 5 main domains of consensus
importance

* Regulatory approval, audit readiness
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Cognition +2
Episodic memory,

executive function é— +1

Z .

EEG //// ,,% L s

Neuronal integrity, 2

network conniot?/vity /////Il;/% . 5; ‘\\\

o0 IMlirreeet e

Sleep qual .|ty metrics, "'....: ‘-II““‘

sleep staging l‘l‘l"‘: :::'.'.

Mood “ ‘$"0 ""' "

Emo’FionoI bias, \\\“ Q”g.:é“":%""

atypical mood \ ss = a",///
Na==

Language \ = = = //

Vocabulary, language,
organisation, prosody

Precompetitive consortium of 10 large pharma

co-designed solution, and validation studies
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Validated technologies in a patient
friendly and site deployable form T eI

G322 BN N g SN 6 92

EEEESHEE

- A unified patient-facing interface, including a range EENESNENEE
of tasks with broad basis in the literature S ——

*

- Judicious use of gamification to encourage
consistent and genuine engagement from users

* Involvement of representative patients in all stages
of technology development

* Real time feedback to clinical teams on remote
session compliance and data quality

* Industry standards for regulatory approval, quality
assurance, data protection

« Comprehensive guidance and support for patients
and clinical site teams b _ s —

61.29 2161 776 /62 100.00
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Recruitment, Screening, Endpoints

o . Average
+ Short clinic-based visual tasks can 8 I
T . e . I
elicit individual level estimates of 74 I
. . l
neuroplasticity I
6 - I
:
01+02+Pz 51 :
—— PREMODULATION L 4- :
4 = POSTMODULATION ]
3 -
2 -
s 2-
z O R, w N
>
_2 i O ! I II I I I I
0 1 2 3 4 5 6 7 8
—47 — — Frequency (Hz)
01 00 01 02 03 04 05 - Three-minute long passive image

Time (sec) from stim onset recognition task measures early

memory impairment
Milanovic et al (2023), ECNP 2023

Stothart et al (2021), Brain
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CNS101: Longitudinal Feasibility in AD dementia

° 59 Mild AD_type dementio Ond 60 ContrOIS Stage 1 ramiliarisation: up to 3cycles  Stage 2 5xrepeated cycles = 32112
wwv,  wn% w7z HllididIEEEEEE B ooys
. . . . Week 1 Week 2 Week 3 Week 4 Cycle Break
* In-clinic session to introduce technology
Stage 3 11 x fortnightly cycles
* 12-month period at-home use, total 52 sessions requested o o mmE
Week 5 Week 6 Week 7 Week 8 Week 9 Week 10
at ~30min each = _— —
Week 11 Week 12 Week 13 Week 14 Week 15 Week 16
+ ADAS-Cog and other benchmarks at months 0, 6, 12 " " mEE
Week 17 Week 18 Week 19 Week 20 Week 21 Week 22
HE] HE]
Diagram of the year long, staggered schedule of Week 23 Week 24 Week 25 Week 26
digital neuroassessments.
Stage 4 6 x monthtly cycles
(| [
Cycle Sessions Week 27 Week 28 Week 29 Week 30 Week 31 Week 32
[ooy2 | ¢ Jooya [N = , mE
vz § E & t\\K % Week 33 Week 34 Week 35 Week 36 Week 37 Week 38
C Psychomotor  Facial Affect Resting State  Visual Oddball
— Cognition Mood EEG Cognition & EEG -.. ...
A cycle is made up of 3 consecutive days: B , p Week 39 Week 40 Week 41 Week 42 Week 43 Week 44
g:z ‘z'sseezssllc():r‘\: Session C (overnight) l a‘ & k s [ ||
Day 3: No Session Psychomotor ~ Speech Assoc.Memory  N-back DSST
Cogpnition Language Cogpnition Cogpnition Cogpnition Week 45 Week 46 Week 47 Week 48 Week 49 Week 50
c L [ ]|
4_3 Week 51 Week 52
Buick et al (2023), CTAD 2023 sleep

UNIVERSITY OF

OXFORD
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°
CNSI01: Patient
Technology usage survey (percentage of responses per group).
°
Views of Technology prepepdee el i

Every day Rarely/never

+ Surveys and structured questionnaires used controts | 7%
to understand patient views of technology _ 9% 18% 5% .

before, during and after taking part in the
How confident do you feel about using

yeor-long StUdy technology such as smartphones, tablets and computers?

Very confident

« All enrolled participants filled out a baseline Controls _

Dementia

Not at all confident

24% 32% 3"/*6

survey on background technology usage. The ;
of : Dementia - 25% 33% 23% -
number of participants completing surveys
during the study (Clt-home and at in-clinic How much help do you feel you would need to get started with
. . . . a new technology that is like a smartphone, tablet or computer?
visits) were subject to attrition and No help at all ———

compliance with the protocol. Controls _ 27% 34% 14% I

0% 25% 50% 75% 100%
Percentage in group

Mild A'z.' 59 73.7 25.1
Dementia
Controls 60 71.1 8.9

"0 UNIVERSITY OF

= OXFORD

- B8 UNIVERSITY OF n
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CNSI101: Longitudinal Adherence to 12 months

Adherence by Stage, per Session Type.

Stage 1 Stage 2 Stage 3 Stage 4
5 (2 weeks, 3 cycles) (2 weeks, 5 cycles) (5 months, 11 cycles) (6 months, 7 cycles - ongoing)
@ 80 I - D R+« o5 s vovonnoenss: ool s o v oiss s i« N ¢+ s vsins vnnsnsannnsiorusrffaorasonaniiossunonanosns  Juso/ NN . . . ..« A e . . oo+ A« .o o ssinesiisine. Fio iR <+ <+ D s ccs s B oo oxcovvis s BRI o oo b o5 oo
(9}
qc) 60 |-/ - A A i | N RO BN | [N - I R - SN R |- R N B -
: Diagnosis
= 40 |- NN . N . | [ . [N N DN N | D U . [N U . [ U | [ R DN . mmm Controls
<\£ mmm Dementia
° yLEE | B2 | B= | Eaam | BE 2 2 BN | 42 N 2 2 BN @2 2 B 2 9 ags 2| 9 EN @ -
0
Wake EEG and Wake EEG and Sleep EEG (C) Wake EEG and Wake EEG and Sleep EEG (C) Wake EEG and Wake EEG and Sleep EEG (C) Wake EEG and Wake EEG and Sleep EEG (C)
tablet tasks (A) tablet tasks (B) tablet tasks (A)  tablet tasks (B) tablet tasks (A) tablet tasks (B) tablet tasks (A) tablet tasks (B)
Session type Session type Session type Session type

- Withdrawal rate of 27% (16 of total 59) for dementia patients, and 10% (6 of total 60) for controls

* interim analysis based on >99% sessions. Last patient out expected mid-March 2024

Fawd) UNIVERSITY OF

7 OXFORD

BH UNIVERSITY OF 12
4P CAMBRIDGE m
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CNS101: comparing at-
home tablet tasks to

. o Correlations with benchmarks ® Controls
cognitive benchmarks A0 Dementi
? L] — ™ L]
: 2 40 s =
» Aggregate data from five at-home g . g 50
. o o ey " ” . w E 35 L .. w o
sessions during initial “burst” sampling o Q A $ £
c S 30 * . J c @ 40 >
g3 XY : S E
« Spearman rank correlation of 0.76 for 88 25 ML S A i 8 S . .
) — — « @ . % * B a 30 O
executive task 28 20 . 8 8 e o
8 % ™ ¢ E E 20 ] ) L L
. . [S ) o - & . v -
- 0.75 for associative memory task 28 P . T3 U D R S
= g._ | |9 ?: .. : °
w 10 1 o 10 Al 2 s_. ] s *
g £ . -
: : - : 5 5 3
Executive Function Episodic Learning 3 0 |
Digit Symbol Substitution  Spatial Associative Memory 20 40 60 80 5 10 15 20 25 30 35 40
Coding (paper-based) Verbal paired associates (paper-based)
5 4799y 2 1 8 2 3
SEEDDEE]
BE SNOMEE
Buick et al (2023), CTAD 2023 Buick, et al. (2023) CTAD
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5 ol 02 Pz
CNSI101: group effects on s — — R
a5 LA ; - X | === AD Dementia
— | | 1
at-home 5 Wl \ \
I -20 —A . I
electrophysiology F W W\ VAL
& -25 ~ Y V| Nt W
. | NN
+ Aggregate data from five at-home -30 | ‘ ; | |
| 1 ! ! 1
sessions during initial “burst” sampling 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Frequency (Hz) Frequency (Hz) Frequency (Hz)
+ Cross-sectional differences align with
literature on slowing and weakening of s .
.. Pz P P
neural activity — Controls
5.0 —— AD Dementia
Resting state EEG Visual Oddball 5 25
o
Mixed models of PSDs Mixed models of Target o FAdl
during eyes closed condition P300 S 00 He {' -
. !
w,{ ;"
s ‘\iWJ
-04 00 04 08 -04 00 04 08 -04 00 04 08

Time (s) Time (s) Time (s)

Buick et al (2023), CTAD 2023
Fa X0 UNIVERSITY OF

7 OXFORD

. B8 UNIVERSITY OF 14
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CNSI101®: Individual digital “fingerprints” of disease

Older Healthy

a qEEG
Memory

0 qEEG

/.\17}

Decisions

3 Speed

.2

Faces

Waking

Grammar

Sleep
Meaning

Moderate AD

a qEEG
Memory

0 qEEG

.

Decisions

3 Speed

..J
. 2

Waking

Grammar

Sleep

Meaning
Faces

M cognition ™ EEG M Sleep M Mood M Language

Buick et al (2023), CTAD 2023
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Moderate ALS

o qEEG

Memory
0 qEEG

Decisions
P300

Speed

Grammar

Meaning
Faces

Fawd) UNIVERSITY OF

<% OXFORD

‘\7 Trinity College Dublin
(llT 6ide, Baile Atha Cliath
N The University of Dublin

Moderate FTD

a qEEG

Memory
6 qEEG

“‘ 3 Speed

Decisions

Grammar

Meaning
Faces

A B UNIVERSITY OF
{¥ CAMBRIDGE
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CNS101: Multimodal Composite Discrimination

« Bagging of decision trees chosen as
algorithm that performs well across
heterogenous input data types

» Cross-sectional analysis from early
“burst” sampling at-home

« Total 1111 sessions from n=47 patients
and n=54 controls

« Ten-fold cross-validation under 10
random repartitions of the user-

group

 Top performing model of AUC 0.953
yielded sensitivity of 87.1% and
specificity of 89.8%
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Comparison of detection performance of ADAS-Cog versus Cumulus at-home data
modalities (*3rd party assessments).

Cross-validated AUC per data type
(n: number of features)

1.0

AUC

T T T T

ADAS-Cog At-home Cumulus Face processing Language Cumulus Sleep quality
subscores data cognitive tasks tasks* production* EEG signals measures*
(n=13) (n=691) (n=50) (n=53) (n=12) (n=592) (n=22)

Fawd) UNIVERSITY OF

Y 8 UNIVERSITY OF 16
‘= OXFORD @¥ CAMBRIDGE m
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Cumulus Neuroscience

Cognition tasks show
subtle sedative effects

« Memory and executive functions are
modulated directly by levels of alcohol

« Many drugs have sedative effects, and
subtle impairments are seen in many
neurodegenerative and psychiatric
conditions.

+ 30 young healthy participants brought
just above drink driving limit

- Similar effects to conventional
benchmarks for memory and

executive function at peak intoxication.
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VAS

BAC vs self-reported (VAS) intoxication

Symbol Swap (Cumulus DSST) score
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Resting EEG gives direct
immediate insight into
drug engagement

+ 30 person cross-over placebo-controlled

study with intravenous racemic ketamine.

- Predicted eyes-closed qEEG changes
seen within minutes: disruption of
alpha/beta activity, and enhancement of
gamma activity.

Keep your eyes open, focus on the screen, and relax.

Try to remain still
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Fz

. Ketamine
-10 \“ Saline

_'|5 -

-20

PSD [dB]

-25

_30 -

-35 T T T T
0 10 20 30

Frequency [Hz]

Murphy, B, Barbey, F., Bianchi, M., Buhl, D. L, Buick, A. R,, Danyeli, L, Dyer, J. F., Gétting, F., Izyurov, |, Javaheripour, N, Krylova, M., Nolan, H,,
O'Donnell, P., & Walter, M. (2020). Demonstration of a novel wireless EEG platform to detect the acute and long-term effects of ketamine,
in the lab and in the home. FENS, Glasgow.

O'Donnell;, P, Johannesen, J., (2022) Scalable ERPs for clinical trials: At home assessments with remote devices. IPEG, NYC
(Presented by Sage)
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Cumulus Neuroscience

Alpha Peak Frequency
01 02 mam Pz

Resting EEG is reliable in
Alpha Peak Power
1.0 - 1 . P 1.0 1

: 0 02
lab, and in-home after
e 0.8 - 0.8 1
aggregation R
—~ | - |
;_ 0.6 % 0.6
» 30 person cross-over study, off-drug data. § 0.4 1 § 0.4 -
- qEEG endpoints are reliable when 0.21 0.2 1
collected in clinic, and reliability is 001~ : . | 0011 : - .
matched or exceeded with as few as 2 or s g oS oS s g oS5 o5
3 at-home sessions in aggregate. EE @ 8. B7 ®2 =9 8. ®o m@
Qo . .0 o v o Y Lo To o v o 9
oo o 0 o 0 o 0 o0 T 0 o W0 o W0
se of Sp 32 S¢ of 3¢ 32
heE 54 rcg rcg ne FHo rug fbg
c c
5 R RS ° 5 ¥f o<
© © © ©

Islam, N., Barbey, F., Buick, A, Nolan, H,. Rueda-Delgado, L, Murphy, B. (2022) Feasibility and reliability of real-world functional

neurophysiology with at-home use of Cumulus’ wireless EEG. IPEG, NYC
Barbey, F, Faring, F. R, Buick, A. R, Danyeli, L, Dyer, J. F, Islam, N, Krylova, M., Murphy, B, Nolan, H., Rueda-delgado, L. M., Walter, M., &

Whelan, R. (2022). Neuroscience from the comfort of your home: Repeated, self-administered wireless dry EEG measures brain function
with high fidelity. Frontiers in Digital Health, 4(944753). https://doi.org/10.3389/fdgth.2022.944753

Keep your eyes open, focus on the screen, and relax.
Try to remain still
35 Trinity College Dublin - M W 0770 VON GUERICKE
' Coldis e i ot Universitatsklinikum ;6 - aﬁyg‘gﬁm‘\é

l

Tiibingen

Col
The U
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Cumulus Neuroscience

Neuroplasticity can be

. o 01+02+Pz 01+02+Pz
measured non-invasively L remoouusmon — vosr e
44 = POSTMODULATION 4 4
s
24 > 5
s 8
2 04 R, W > 0 m/\_\/J%
=
q o a_.q -2 o —2 1
« Data from 11-minute in-clinic VEP-LTP task £
. o _ad —4
in off-drug baseline of 24-person phase 1a ¢ — - =
clinical trial for psychiatric indication. -01 00 01 02 03 04 05 -01 00 01 02 03 04 05
Time (sec) from stim onset Time (sec) from stim onset

* Very robust group level neuroplasticity
observed. Topography and morphology of
signals consistent with high-burden o o e
conventional task.

e

McWilliams et al. (2023) ECNP
Milanovic et al. (2023) ECNP . e OSLO UNIVERSITY HOSPITAL
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Fastball: mechanistic assessment of memory

Specificto AD, not age

1.6
o
® 14
b
©
C
o 1.2}
-~
‘©
C
.20
(%]
1
08! : ~ :
Young Old AD
Recognition
1 1.25 1.5
B 000

Signal to noise ratio
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Specific to aMCl, not naMCl

N - -
N E S (o]

Signal to Noise Ratio

-
o

—Healthy older adult
—Non-amnestic MCI
—Amnestic MClI

01 Pz P7 Cz F3 F4 P8 02
Electrode

Fastball signal strength (SNR)

= BATH

Translates to Mobile Dry EEG

Cumulus Neuroscience EEG vs Lab based EEG
Fastball equivalence testing, TOST procedure
Cohen's d 90% confidence intervals [-0.0524 0.1447]

o ;
Cumulus Fastball (n=15) Lab based Fastball (n=121)

EEG system

% University of
&I BRISTOL m

22
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