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[t takes a village to train an AI mode]

The Ieso Research Lab

Dr Andy Blackwell — Chief Scientist
Dr Valentin Tablan - Chief AI Officer

Scientists

Dr Ronan Cummins - Al

Dr Ana Catarino — Clinical science
Dr Michael Ewbank - Clinical science
Dr Justin Washtell-Blaise — Al

Dr Sabine Buchholz - Al

Software Engineers
Tom Clelford

Jordan Simbananiye
Dragos Gegea

Clinicians

Dr Sarah Bateup - Chief Clinician
Stephen Freer - Clinical Head UK
Dr Jennifer Gentile - SVP US Research & Supported by
Innovation 10+ Clinical supervisors

700+ Therapists

®&S@® 50,000+ Patients



Mental illness is a global problem

® O O O
k"

J

$6T

1 in 4 adults ~80% The global economic impact of
Experience at least one of these mentf;é}'é'ﬁ%%%’%ﬁ?&%ied to
diagnosable mental conditions go
health problem in any undiagnosed and Every $1 spent = $5 saved
one year untreated

Our mission is to make high quality therapy available to all on demand.

* Bloom, D.E., Cafiero, E.T., Jané-Llopis, E., et.al. (2011). The Global Economic
i e S ‘ Burden of Noncommunicable Diseases. Geneva: World Economic Forum.

digital health ©2021 Teso Digital Health 4



What is CBT?

Cognitive Behavioural Therapy is a talking therapy used to treat a range of common mental health problems. CBT works to help
people manage unhelpful thoughts, feelings and behaviours. Patients learn how to feel better and live the life they that want to live.

Behaviours

Feelings

eS®

digital health

©2021 Ieso Digital Health



Our dataset fuels science

« Primary presenting problems
« Demographics
» Medical history
* Location

For the first time in therapy, we
have a full record of every

e interaction between a clinician
and a patient from both during
and between therapy sessions.

Presentation

Treatment

+ PHQ-9

« GAD-7

+ SAQ

« Condition specific measures

* Recovery

e Improvement
» Deterioration
* Relapse

Qutcomes Measurement

eS®

digital health

©2021 leso Digital Health 6



R&D-driven therapy tools to increase engagement and quality
while decreasing costs

Engagement Quality
Eﬂgagemeﬂt Patients who don't complete ~ We measure quality of care in
terms of clinical outcomes for the

a treatment don’t fully

benefit patient, mainly improvement and

recovery.

Costs

COSt - Mental health budgets are
Reduction Quallty limited. Lower costs means

more patients can get help.

Current NHS access target
is 25%!

©2021 leso Digital Health
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Example: treatment response monitor

« Growth curves track symptom scores against expected progress, given initial severity and condition

eS®

digital health

PHQ9 Score

PHQ9

G 185 185

17.5 175 165 165

3 4 5 6 7 8
Treatment Number

-®- Phq9 Measure
® Normal PHQ Progression Region

GAD7 Score

20

15

10

Patient making good

progress; has reached
clinical recovery.

GAD7

185

175

165 16.5
1

1 2 3 4 5 6 7 8
Treatment Number

-8~ Gad7 Measure
@ Normal GAD Progression Region

Abnormal patient progress in
growth model;

Poor scores on multiple quality
categories may point to
deficiencies;

Supervisor should investigate.

PHQ9 Score

PHQ9

3 5 7 9 M 1B 15
Treatment Number

-8~ Phq9 Measure
@ Normal PHQ Progression Region

GAD7 Score

20

GAD7

1 3 5 7 9 11 13 15
Treatment Number

-®- Gad7 Measure
@ Normal GAD Progression Region

Data insights improve quality while driving down unnecessary costs

©2021 Ieso Digital Health




How can NLP help?

R e

S g ) S

.

Analysis

Clinical
Scientist

I T A e
I [ I A e
Ik [ I A e
Ik I I A e

Machine 00,000s hours

e5®



Therapy Insights Model (TIM): understanding therapy

NLP Analysis

Therapy Dataset

>30K patients
>100K sessions

*  Full text

» Patient
demographics

*+  Symptom
measurements

« Asynchronous
messages

Clinical Analysis

Clinical scientist tags 24
utterance types including:
« Agenda setting

« Change mechanisms

« Homework

« Therapeutic alliance

eS®

digital health

Tagged Data

00s of sessions with Train Model

manual tags « Hierarchical LSTM
recurrent neural network

©2021 Ieso Digital Health

Therapy Dataset +
Clinical Insights

>100K sessions

«  With clinical tags

+ Unique

« Comprehensive: presentation
X intervention x outcome

Learn what works for
whom



Therapy Insights Model, TIM! (2019): technical details

‘ greeting
TIM is a hierarchical neural network that:

uses the Tensorflow framework;
Hi Jane . <> <> <> <>

» uses pretrained embeddings (w2v) on our entire corpus
of transcripts (grey);

' ' mood check .« has a word-level BiLSTM with max-pooling over the
hidden states (green) to create an utterance
representation (orange)

How has your week been ? <> * has an utterance-level LSTM over the utterance
representations to create a hidden state for each
utterance in context ( )

set

‘ « has a final sigmoid layer (not shown) that maps these
' agenda utterances-in-context to a multi-hot encoded vector

What shall we cover today ? <

1. Cummins, R., Ewbank, M. P., Martin, A., Tablan, V., Catarino, A., & Blackwell, A. D. (2019, May). TIM:
A tool for gaining insights into psychotherapy. In The World Wide Web Conference (pp. 3503-3506).

eS®

digital health ©2021 Ieso Digital Health 11



Baselines comparison

MLP 52.61%
58.85%
Starspace 61.08%
59.97%
60.77%

Hi-Bi-LSTM 69.56%

Context-aware
(TIM)

Bi-Hi-Bi-LSTM 70.93%

eS®

digital health ©2021 Ieso Digital Health

44.19%

52.69%

54.25%

53.26%

58.03%

63.00%

65.40%




Demo

Patient View

@Enter to send

Therapist View

@ Enter to send

©2021 Ieso Digital Health

Session plan

Warm welcome

Agenda setting

Mood check / obtain
update

Review previous
homework

Change
mechanisms &
formulation

Eliciting feedback

Setting homework

Arrange next
session

Goodbyes

End session



An example of what we're learning

Which CBT features are associated with better outcomes?

Reliable Improvement — All Treatment Sessions

Ensure fidelity to protocols and understand how you can personalise mental healthcare. A unique differentiator.

eS®

digital health
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*hk

Positive relationship

Session Duration™*

Therapeutic_Praise- E ——
- = J : *kk 7 . . Ik >k k
JAMA Psychiatry Planning_for_future = /Theralpquc praise”***
Perceptions_of_Change- - —e = Plannmg for the future***
: *kk / i EX 33
_— Change_Methods- N /Perceonns of Chfk flie
JAMA Peychatry | Origis brvestigaton Set_Agenda- E — /Change me}::fds
Quantifying the Association Between Psychotherapy o ' ok Set Agenda
Content and Clinical Outcomes Using Deep Learning Elicit_Feedback- e ‘Elicit Feedback**
Nt e A e RO AR A G - Give_Feedback- E—.— /Give Feed back/*
e s Review_Homework 1 "°— ‘Review Homework’*
Spyiate: Obtain_Update- —o—
e Socratic_Questioning- —i-.— Age of patient***
o o2 Set_Goals- —— Start GAD***
Tt P . Medication not prescribed
s | Number of Sessions***
oo Mood_Check- —o—
Summarise_Session- .
e Collaboration- —e Negative relationship
foh s Therapeutic_Thanks- =l _
5 o ' ‘Risk Check***
{ - .
iem? PR ! "Therapeutic empathy***
20 901 310 « Set_Homework- —— ‘Other***
Goodbye- —a— ‘Greeting’***
xm = st Bridge- —e= E ’Bridge’**
A Hello- —=" ) ‘Goodbye’™*
Other- —O:" :
o Start PHQ***
Db roen: bt urmanet ek s vn 0422019 Risk_Check- —— : L _|_ C dt .
Tk . on erm ondailtion
Ewbank et al., JAMA Psych 2019 Therapeutic_Empathy - —— - 9

Significance ***<0.001; **<0.01; *<0.05;

13,073 cases - At caseness, engaged; 2013-2018

14



CTS-R!: therapy fidelity metric

“Cognitive Therapy Scale — Revised”

« Used in common practice to estimate adherence to CBT protocol

« Each item scored 0..6

DT B T

1  Agenda Setting & Adherence

2 Feedback

3  Collaboration

4  Pacing and Efficient Use of Time 10
5 Interpersonal Effectiveness 11
6

Eliciting Appropriate Emotional
Expression 12

1. James, I. A., I. M. Blackburn, and F. K. Reichelt. "Manual of the revised cognitive therapy scale." Newcastle
Cognitive and Behavioural Therapies Centre, Newcastle, UK (2001).

eS®

digital health ©2021 Ieso Digital Health

Eliciting Key Cognitions
Eliciting Behaviours
Guided Discovery
Conceptual Integration

Application of Change
Methods

Homework Setting

15



CTSR-R: towards an automated therapy quality metric
I S

Agenda Setting & Agenda setting set agenda, review homework, set goals
Adherence
2 Feedback Collaborative giving feedback, eliciting feedback, alliance
: feedback thanks, alliance encouragement
3 Collaboration
4 Pacing and Efficient Use of  Efficiency total therapist words less other words
Time

Interpersonal Effectiveness

6 Eliciting Appropriate
Emotional Expression

Eliciting Key Cognitions
Eliciting Behaviours
Guided Discovery

10 Conceptual Integration

1. James, I. A., I. M. Blackburn, and F. K. Reichelt. "Manual of the revised cognitive therapy scale." Newcastle
Cognitive and Behavioural Therapies Centre, Newcastle, UK (2001).

eS®

digital health ©2021 Ieso Digital Health
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CTSR-R: towards an automated therapy quality metric

I S S

Application of Change change method behavioural, cognitive,
Change Methods methods conceptualization, psychoeducation
12 Homework Setting Homework homework setting behavioural, cognitive, skill

teaching, psychoeducation

Engagement Logistic regression over
[ log(x) for x in change_education,
homework_cognitive, homework_education,
arrange_next_session, goodbyes, encouragement,
thanks, other]

eS®

digital health ©2021 Ieso Digital Health
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Therapy Quality Score: Automated vs Human (Recovery Rate)

« We compared the automated CTSR-R with the human CTSR in terms of correlation with therapist recovery rates
calculated from all cases conducted for Ieso

« The automated CTSR-R is more highly correlated with therapist recovery rate than the Human CTSR score for high
case loads

« Our hypothesis is that manually judging three sessions is increasingly unrepresentative of therapist competence as
the number of cases increases

Linear Correlation Between Therapist Competence Scores and Recovery Rate

0.4
0.35
0.3
0.25

o ——Human CTSR

- —e—Automated

0.05

s 0 20 40 60 80 100

eS®

e e Case Threshold (therapists with at least x cases) 18



Automated vs Human (Engagement Rate)

« We compared the automated CTSR-R with the human CTSR in terms of correlation with therapist engagement rates
using all cases conducted for Ieso

« The automated CTSR-R item is more highly correlated with therapist engagement than the Human CTSR score

Linear Correlation Between Therapist Competence Scores and Engagement Rate
0.25

0.2

0.15
——Human CTSR

0.1

——Automated
0.05 Engagement
Item

0 10 20 30 40 50 60 70 80 90 100

Case Threshold (therapists with at least x cases)

eS®

digital health ©2021 Ieso Digital Health 19



Example: Therapy Quality Assessment

« (CTS-R-R: 6 item scale inspired by Revised Cognitive Therapy Scale (CTS-R)
« Automatically code CBT sessions for fidelity to the model and guality.
PHQ9 GAD7 : :
2 Therapy provided has PHQ9 Abnormal patient progress in
25 2 ws good scores on most growth model;
2 195 s ey categories for most 20 ‘ Poor scores on multiple quality
20 185 185 o . s ; cate ' int t
o 18 165 165 o sessions gories may point to
4 & o o 15 o deficiencies;
213 5 3 $ Supervisor should investigate.
1 ~
2 . g g 10
2 s ,
o o [Treatment CTSRR Agenda CTSRR Collaborative CTSRR CTSRR Change CTSRR Homework CTSRR CTSRR Total
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 Number Setting Feedback Efficiency Methods Setting Engagement Score
Treatment Number Treatment Number 1 3 5 7 9 1 13 15
- Phq9 Measure Treatment Number
@ Normal PHQ Pr Treatment CTSRR Agenda CTSRR Collaborative CTSRR CTSRR Change CTSRR Homework CTSRR CTSRR Total
Number ~ Setting Feedback Efficiency Methods Setting Engagement Score -~ Phq9 Measure
o ® Normal PHQ Progression Region
a1
285
326
327
36.6

Ensure fidelity to protocols driving most effective and high-quality treatment

1e5®

digital health



L essons learned

You can do research in
industry

But need to provide value:

* increase quality
* increase speed
* reduce errors

* reduce costs

eS®

digital health

NLP/science is only part of
the solution

Al, and technology, are
only on element in a
complex solution. You
need to also consider
operations, training,
regulatory compliance,
etc.

As an industry scientist,
you need to understand
the application domain in
order to generate value.

©2021 Ieso Digital Health

“Black boxes” are scary

You could design an end-to-end
deep neural network that
maximises accuracy, but...

« will domain experts accept it?

« Will clinicians trust it and use
it day to day?

« will you know when it gets it
wrong?



Al and healthcare: the two cultures challenge

MOVE
FAST ANE

BREAR
THINGS




Al and healthcare: the two cultures challenge

i®se

OUR FIELD HAS BEEN
STRUGGLING WITH THIS
PROBLEM FOR YEARS.

STRUGGLE NO MORE!
I'™M HERE TO SOLVE
IT JITH ALGORITHITS!

M1 SIX MONTHS LATER:

WOL, THIS PROBLEM
15 REF\LLY HARD.

WW?'S‘)Y

A

https://xkcd.com/1831/



https://xkcd.com/1831/

Questions

@IesoHealthLtd
@vtablan

eS®

digital health

https://www.iesohealth.com/en-gb/data-science

©2021 Ieso Digital Health
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How common

.Agent:alliance_empathy
-Agent:alliance_encouragement
-Agent:alliance_thanks
gent:arrange next_session
.Agent:behavioural_reattribution
.Agent:bridge
.Agent:change_mechanisms
gent:cognitive reattribution
.Agent:collaboration
.Agent:conceptualisation
gent:eliciting_feedback
.Agent: giving_feedback
gent:goodbyes
.Agent: greeting
.Agent:mood_check
Agent:obtain_update
Agent:other
Agent:perceptions_of change
DAgent:planning_for_future
.Agent:psychoeducation
gent:review _homework
.Agent:risk_check
.Agent:set_agenda
gent:set_goals
gent:setting_homework
.Agent:skill_teaching
gent:socratic_questioning
-Agent:summarising_session
.Client:change_talk_active
Hc lient:change _talk_exploration
Hc lient:counter_change talk
-Client:describing __problems
BClient: follow neutral

Session starts with Hello

Greeting

is a sequence of tags in our 200k hours of therapy?

Teaching CBT skills

Other

I Follow Neutral I

General Discussion

I Change Mechanism II I Cognitive Reattribution I Goodbye
I Follow Neutral II
Looking at a single session we can seg, patterns, of teaching CBT skills, a beginning, and an end. 75



How common is a sequence of tags in our 200k hours of therapy?

80,000 —

Match Count

60,000 —

N
1 100 110 1 0 e

'
S 0 T A e e i

40,000

20,000 —

0-

360
Utterances



1.35

1.30

1.25

1.20

1.15 4

1.10

1.05

Relative Recovery Rate

How does a sequence of tags represent quality of therapy?

1.00

0.95

0.90

a _{"'\TM NMM <

Ll T 1 1 T T |l 1
120 160 200 240 280 320 360
Utterances

T T
40 80

Pictured: Sequence of tags aligned against 200k hours of therapy using the Smitﬁq\/\éﬁ%‘t@‘r@jﬂ?p Local Alignment algorithm. The bar chart represents regional maEghes
J L Ix,rl

at each site. A credible interval is calculated with an inverse cumulative dist’kTBﬁtldn
grey area.

s

unction of the beta distribution for the range 1% to 99%. This is plotted as the



