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The 2019 Middlemore Lecture

RICHARD MIDDLEMORE
(1804-1891)

In 1831 he gained the Jacksonian prize for an essay on diseases
of the eye. This essay he afterwards enlarged and elaborated, and
in 1835 published it } two volumes. This work occupies some 1,600
pages, and, curiously enough, does not contain a single illustration.

elbow. In cataract extraction he held 1t essential to a good
section that even the wrist should be moved as little as possible.
The propulsion of the knife should be by means of the movement
of the thumb and first and second fingers only. He used a
triangular knife, a sort of compromise between the old Beer knife
and that of Sichel, with a carefully thickened blade, which would
fill as far as possible the corneal incision as the knife advanced, and
so retain the aqueous. He used the lower sectlon and, of course,
did not employ iridectomy.

He did not regard the escape of vitreous with the fear \Vthh
oppresses most of us. In a hard eye he even thought it a possible

Two of his sayings recur to my recollection. The first, “ You
must diligently search after the cause of the ophthalmic complaint,
and treat such cause just as you would do if it did not occasion any
disease of the eye, adding local aid;” and the second is, “ A good
oculist should be a good physician, a good surgeon, and something
more.”’
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“Simple, kind, generous, always maintaining a
high professional standard.”

RICHARD MIDDLEMORE
(1804-1891)
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Artificial intelligence (AI)
Al equal with human experts in medical
diagnosis, study finds

Research suggests Al able to interpret medical images
using deep learning algorithm




Oculomics

Why the eye holds the ke
to systemic health and w

Alastair Denniston

University Hospitals Birmingham NHSFT

University of Birmingham

NIHR BRC for Ophthalmology, Moorfields Eye Hospital NHSFT/UCL
INSIGHT, Health Data Research UK
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“I would rather die from cancer
with my sight intact
than survive cancer blind.”
RCOphth, 2018




Brief Report
October 3, 2019

Evaluating Whether Sight Is the Most Valued Sense

Jamie Enoch, MSc'; Leanne McDonald, MSc'; Lee Jones, PhD'; Pete R. Jones, PhD'; David P. Crabb, PhD!

l M Sight ™ Hearing ™ Balance M Touch M Taste ™ Smell O Pain O Temperature ‘
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How the Immune System Functions in the Eye




Maintain transparent Eliminate infection Minimise collateral
visual axis damage
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Identification and quantification of cell type(s) in uveitis
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Denniston A.K.O., Curnow S.J. What can the aqueous humour tell us about uveitis? In: Pleyer U.,
Forrester J.S. Uveitis and Immunological Disorders, Progress lll. Springer, 2009.



Better Understanding of Disease

Identification and quantification of cell type(s) in uveitis

Denniston A.K.O., Curnow S.J. What can the aqueous humour tell us about uveitis? In: Pleyer U.,
Forrester J.S. Uveitis and Immunological Disorders, Progress lll. Springer, 2009.



Better Understanding of Disease

Characterisation of lymphocyte recruitment

CD45R0 =——>

Curnow SJ ... Murray PI, Salmon M. Inhibition of T cell apoptosis in the aqueous humor of patients with
uveitis by IL-6/soluble IL-6 receptor trans-signaling. J Immunol. 2004 Oct 15;173(8):5290-7



Better Understanding of Disease

Identification of disease-specific immune profiles
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Curnow SJ ... Murray PI, Salmon M. Inhibition of T cell apoptosis in the aqueous humor of patients with
uveitis by IL-6/soluble IL-6 receptor trans-signaling. J Immunol. 2004 Oct 15;173(8):5290-7

Denniston A.K.O., Curnow S.J. What can the aqueous humour tell us about uveitis? In: Pleyer U.,
Forrester J.S. Uveitis and Immunological Disorders, Progress Ill. Springer, 2009.



Better Understanding of Disease

First identification of live Dendritic Cell in the eye

Gating strategy: M H C |/| |+
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Denniston AK, Tomlins P, Williams GP, Kottoor S, Khan |, Oswal K...Wallace GR, Rauz S, Murray Pl, Curnow SJ. Aqueous humor suppression of
dendritic cell function helps maintain immune regulation in the eye during human uveitis. Invest Ophthalmol Vis Sci. 2012. 53:888-896




Better Understanding of Disease

Hypothesis: anterior uveitis isn’t actually uveitis

lan Reekie PhD. 2019- Resident ocular T-lymphocytes and their Relevance to Anterior Uveitis in Humans T .7



Brainwashing. When mice sleep, fluid-filled channels (pale biue) b
waste.

Maiken Nedergaard/Jeff Iliff

Hypothesis: existence of ocular ‘glymphatics’

. investigative
I OVS ophthalmology &
visual science
an ARVO journal
Paravascular Pathways in the Eye: Is
There an ‘Ocular Glymphatic

System'?

Alastair K. Denniston; Pearse A. Keane

[ =+ Author Affiliations & Notes

Investigative Ophthalmology & Visual Science June 2015, Vol.56, 3955-3956.
doi:10.1167/iovs.15-17243

In 2012, lliff and colleagues’ proposed the existence of a paravascular transport
system, which they termed the ‘glymphatic system." We propose that a similar
system is present in the eye, the ‘Ocular Glymphatic System,' and that this may be
a key player in retinal diseases ranging from AMD to retinal vasculitis.

Denniston, Keane IOVS 2015; I0OVS 2016
Denniston, Keane, Aojula, Sinclair, Mollan IOVS 2017

Better Understanding of Disease
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VISUAL I
Jaffe et al
NEJM 2016
VISUAL Il

Nguyen et al
Lancet 2016

Editorial on the VISUAL
studies

Denniston and Sen
Lancet.2016

erilirec

THE LANCET

ARTICLES | VOLUME 388, ISSUE 10050, P1183-1192, SEPTEMBER 17,2016

Adalimumab for prevention of uveitic flare in patients with inactive non-
infectious uveitis controlled by corticosteroids (VISUAL Il): a multicentre,

double-masked, randomised, placebo-controlled phase 3 trial

Prof Dr Quan Dong Nguyen, MD 2 Pauline T Merrill, MD « Prof Glenn J Jaffe, MD « Prof Andrew D Dick, MD

Prof Shree Kumar Kurup, MD « John Sheppard, MD « etal. Show all authors

THE LANCET

COMMENT | VOLUME 388, ISSUE 10050, P1134-1136, SEPTEMBER 17, 2016

VISUALising a new framework for the treatment of uveitis

Alastair K Denniston H Nida Sen




NICE Approvals

Adalimumab
Ozurdex
lluvien

terrec
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In one year pre-steroid implant

8 injections — 5 30 hospital 60 separate
x aVEGF and 3 x attendances episodes of
triamcinolone recorded care

(OCT, FFA, Tx,
etc.)
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In one year pre-steroid implant

#

8 injections =5 30 hospital
x aVEGF and 3 x attendances
triamcinolone

60 separate
episodes of
recorded care
(OCT, FFA, Tx,
etc.)
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No. of injections
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In one year pre-steroid implant

#

8 injections — 5 30 hospital 60 separate
x aVEGF and 3 x attendances episodes of
triamcinolone recorded care
(OCT, FFA, Tx,
etc.)
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Visual Patient

Activity Damage :
loss experience

>

Denniston AK, Holland GN, Kidess A, Nussenblatt RB, Okada AA, Rosenbaum JT, Dick AD. Heterogeneity of
primary outcome measures used in clinical trials of treatments for intermediate, posterior, and panuveitis.

Orphanet J Rare Dis. 2015 Aug 19;10:97
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Visual Patient

Activity Damage :
loss experience

Denniston AK, Holland GN, Kidess A, Nussenblatt RB, Okada AA, Rosenbaum JT, Dick AD. Heterogeneity of
primary outcome measures used in clinical trials of treatments for intermediate, posterior, and panuveitis.

Orphanet J Rare Dis. 2015 Aug 19;10:97



Activity Damage

L)

Band Retinal .
PS/PAS Glaucoma || Cataract ERM . Ischaemia CNV
Keratopathy necrosis




Activity Damage
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Vit o Vascular
AC Cells AC Flare 'treous CMO Retinitis Choroiditis
Haze leakage




Problems withicurrent endpoints

* Cost of trial per drug:

* Phase 1: S5million
S * Phase 2: $10million
Decisions  Phase 3: $20m|II|on

Clinical Status

Trials of * Total cost of drug to market:
efficacy * $2.7billion

Drug licensing




Problems withiictirrent endpoints

1) Heterogeneity: 14 different domains
(eg AC cells, vitreous haze etc) used
as primary outcome measures.!

2) Inconsistency: Not all used SUN
scales for relevant indices; variable
use of 0.5+ as a step.!

3) Subjectivity: poor interobserver
agreement between clinical indices

4) Ordinal scales: big jumps between
levels on existing scales

1. Denniston AK, Holland GN, Kidess A... Dick AD. Heterogeneity of primary outcome measures used in clinical trials of
treatments for intermediate, posterior, and panuveitis. Orphanet J Rare Dis. 2015 Aug 19;10:97



Problems withfcurrent endpoints

Current measures of disease activity in uveitis are
insensitive, unreliable and inadequate.!**

“There is a clear need for objective assessments of ocular
inflammation, which are repeatable, reliable, and
quantifiable.” Malvina Eydelman, FDA!

1. Guidance from FDA/National Eye Institute Working Group. 2015;
2. Hornbeak D Ophthalmology 2014 [PMID 24697913].
3. Denniston A and Barry RJ Curr Pharm Des 2015 [PMID 26350535]




Problems withiictirrent endpoints

1) Heterogeneity: 14 different domains?

Define a

2) Inconsistency: Not all used SUN scales! Core Outcome Set
for Uveitis!?

1. Tallouzi MO et al. COSUMO: study protocol for the development of a core outcome set for efficacy and effectiveness trials
in posterior segment-involving uveitis. Trials. 2017 Dec 1;18(1):576. 2. http://www.comet-initiative.org/studies/details/640



Problems withicurrent endpoints

1) Heterogeneity: 14 different domains?

Define a

Core Outcome Set
for Uveitis?

2) Inconsistency: Not all used SUN scales!

3) Subjectivity: poor interobserver
agreement between clinical indices
Develop objective

4) Ordinal scales: big jumps between endpoints through
levels on existing scales

Quantitative Imaging?

1. Tallouzi MO et al. COSUMO: study protocol for the development of a core outcome set for efficacy and effectiveness trials
in posterior segment-involving uveitis. Trials. 2017 Dec 1;18(1):576. 2. http://www.comet-initiative.org/studies/details/640
3. Denniston AK, Keane PA, Srivastava SK. Biomarkers and Surrogate Endpoints in Uveitis: The Impact of Quantitative Imaging.
Invest Ophthalmol Vis Sci. 2017 May 1;58(6):BI0131-BI0140



Cystoid macular oedema
AC cells and AC flare
Retinal vessel inflammation

Retina/choroid inflammation

A I A

Vitreous inflammation



SWENyIng to measure?

1. Cystoid macular oedema

The Effectiveness of Pharmacological Agents for the Treatment of
Uveitic Macular Edema (UMO): A Systematic Review

Mohammad O. Tallouzi &, MSc (), David J. Moore , PhD, Robert . Barry , PhD, Melanie Calvert, PhD, Jonathan Mathers , PhD,
Philip I. Murray , PhD & Alastair K. Denniston , PhD ...show less
Pages 658-680 | Received 17 Oct 2018, Accepted 02 Jan 20183, Published online: 27 Feb 2019

Conclusion: The review highlights areas where the evidence base is still

lacking, and appropriately focused trials are needed to inform best
treatment to tackle this sight-threatening condition.

Tallouzi M. PhD. 2015- University of Birmingham.




Cystoid macular oedema
AC cells and AC flare
Retinal vessel inflammation

Retina/choroid inflammation

ik LN PE

Vitreous inflammation

Liu X. PhD. 2017- University of Birmingham.



AutomatingfAC Cell Counts

Study (Grouped by Technology)

Laser Flare Cell Meter

ocT

Circumferential Scans

Li [NG, Central) (2013)
Li [NG, Superior] (2013)
Li [NG, Inferior] (2013)
Li [G, Central] (2013)

Li [G, Superior] (2013)
Li [G, Inferior] (2013)

Ohara (1989)

Tugal-Tutkun (2008)

Line Scans

Igbre (2014)
Sharma (2015)

Invernizzi (2017)

Volume Scans

Sharma [Automated] (2015)
Sharma [Manual] (2015)

Clinical Grading System

Unspecified

BenEzra

Hogan (Modified)
Hogan (Modified)
Hogan (Modified)
Hogan (Modified)
Hogan (Modified)
Hogan (Modified)

SUN
SUN
SUN

SUN
SUN

Correlation (95% Cl) Sample Size

0.66 (0.55, 0.75)*
0.87 (0.79, 0.92)*

0.73 (0.50, 0.86)
0.75 (0.53, 0.87)
0.56 (0.25, 0.77)

0.74 (0.29, 0.92)*
0.73 (0.27, 0.92)*
0.06 (-0.53, 0.61)*

0.74 (0.61, 0.83)

0.97 (0.95, 0.98)*

0.94 (0.90, 0.96)

0.78 (0.59, 0.89)
0.75 (0.54, 0.87)

127
54

69
83
70

31
31

I
-1

0

I
1

1. Liu X, Solebo AL, Faes L, Beese S, Braithwaite T, Round ME, Panthagani J, Kale AU, McNally TW, Abdulla D, Keane
PA, Moore DJ, Denniston AK. Instrument-based Tests for Measuring Anterior Chamber Cells in Uveitis: A Systematic
Review. Ocul Immunol Inflamm. 2019 Aug 16:1-12







Retinal/Choreidal Inflammation




Retinal/Choreidal Inflammation

DETECTING ACTIVITY



Retinal/Choroidal Inflammation
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Retinal/Choreidal Inflammation

DETECTING ACTIVITY
(RESPONSE TO RX)



Retinal/Choreidal Inflammation

DETECTING COMPLICATIONS



Retinal/Choreidal Inflammation

DETECTING COMPLICATIONS
(RESPONSE TO RX)



Retinal/Choeroidal Inflammation
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Retinal/Choreidal Inflammation

Utilising existing software

(eg HEYEX; Heidelberg Engineering)

1. Madhusudhan S et al.
J Ophthalmic Inflamm Infect. 2016
2. Denniston A et al IOVS 2017




Retinal/Choroidal Inflammation

Utilising existing software

SEBESEEEE

(eg HEYEX; Heidelberg Engineering)

mination: 04/09/2015
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1. Madhusudhan S et al.
J Ophthalmic Inflamm Infect. 2016

2. Denniston A et al IOVS 2017
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Cystoid macular oedema
AC cells and AC flare
Retinal vessel inflammation

Retina/choroid inflammation
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. Vitreous inflammation




Vitreous Top

nm

Biaensmmee = T 4
7 e —

———

Quantitative analysis
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Proof=of-Cc

Vitreous:RPE Relative Intensity (VIT:RPE)

Quantitative analysis
VIT/RPE-Relative intensity = 0,1267
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Quantitative analysis
VIT/RPE-Relative intensity = 0,1267
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Clinical Grades of Vitreous Haze

1. Keane PA...Denniston AK. Ophthalmology 2015 [PMID 2483579]



Proof-of-
concept?!

CLINICAL

DEPLOYMENT

1. Keane PA...Denniston AK. Ophthalmology 2015 [PMID 2483579].
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Proof-of-
concept?!

Established o
EQUATOR www.equator.vision

collaboration?

1. Keane PA...Denniston AK. Ophthalmology 2015 [PMID 2483579]. 2. www.equator.vision 3. Keane PA... Denniston AK, Aslam TA for EQUATOR.
TVST 2015 [PMID 26396930]



http://www.equator.vision/
http://www.equator.vision/

First Automation3

— Scan analysis time reduced from:
5 minutes/scan (semi-automated) to
concep 5 seconds/scan (automated)

—

Established
EQUATOR

collaboration?

1. Keane PA...Denniston AK. Ophthalmology 2015 [PMID 2483579]. 2. www.equator.vision 3. Keane PA... Denniston AK, Aslam TA for EQUATOR.
TVST 2015 [PMID 26396930]



http://www.equator.vision/

Cross Plattorm Validation

First Automation3

— Scan analysis time reduced from:
5 minutes/scan (semi-automated) to
concep 5 seconds/scan (automated)

Established
EQUATOR
collaboration?

VITIRPE - Relative intensity

08 a &
Vitreous Haze Score - Clinical grade

1. Keane PA...Denniston AK. Ophthalmology 2015 [PMID 2483579]. 2. www.equator.vision 3. Keane PA... Denniston AK, Aslam TA for EQUATOR.
TVST 2015 [PMID 26396930]. 4. Zarranz-Ventura J... Denniston AK, Adan A for EQUATOR. Am J Ophthal 2015 [PMID 26476212].



http://www.equator.vision/

Detect Treatment Response

Early validation for

_ detecting treatment
First Automation? response’

Validation with

concept1 platform?* | Pre-Rx Post-Rx

OCT-Vit:RPE

Established
EQUATOR
collaboration?

FDA/NEI Working Group

1. Keane PA...Denniston AK. Ophthalmology 2015 [PMID 2483579]. 2. www.equator.vision 3. Keane PA... Denniston AK, Aslam TA for EQUATOR.

TVST 2015 [PMID 26396930]. 4. Zarranz-Ventura J... Denniston AK, Adan A for EQUATOR. Am J Ophthal 2015 [PMID 26476212]. 5. Sreekantam S
et al. Br J Ophthalmol. 2017



http://www.equator.vision/

t Disease Flare

Early validation for
detecting treatment 100
response’

First Automation3

Validation with

: Early validation for
_— different OCT
Proof 0:1 et detecting disease flare®
concep

o
0 13 26 39 52 65 78 91

Weeks since baseline

Established
EQUATOR
collaboration?

FDA/NEI Working Group

1. Keane PA...Denniston AK. Ophthalmology 2015 [PMID 2483579]. 2. www.equator.vision 3. Keane PA... Denniston AK, Aslam TA for EQUATOR.
TVST 2015 [PMID 26396930]. 4. Zarranz-Ventura J... Denniston AK, Adan A for EQUATOR. Am J Ophthal 2015 [PMID 26476212]. 5. Sreekantam S
et al. Br J Ophthalmol. 2017. 6. Denniston AK. FDA/Pharma Symposium, Isopt (Berlin) 2015.



http://www.equator.vision/

ART effect on Vitreous/RPE ratio

Early validation for

_ _ detecting treatment EStabl'.Sh _I'_m'ts of
First Automation? responses reliability’
Validation with . ;

. Early validation for | ! |

_of- different OCT J—
Proof 0:1 olatform¢ detecting disease flare® {
concep e . j—

Focus Setting

Established
EQUATOR
collaboration?

FDA/NEI Working Group

1. Keane PA...Denniston AK. Ophthalmology 2015 [PMID 2483579]. 2. www.equator.vision 3. Keane PA... Denniston AK, Aslam TA for EQUATOR.
TVST 2015 [PMID 26396930]. 4. Zarranz-Ventura J... Denniston AK, Adan A for EQUATOR. Am J Ophthal 2015 [PMID 26476212]. 5. Sreekantam S
et al. Br J Ophthalmol. 2017. 6. Denniston AK. FDA/Pharma Symposium, Isopt (Berlin) 2015. 7. Montesano G, et al. Sci Rep. 2018
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Early validation for

_ _ detecting treatment EStabl'.Sh _I'_m'ts of
First Automation? responses reliability’

Validation with

: Early validation for
_of- different OCT iti
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Relayer Results

Surface plot

Retinal thickness: distance in micrometers between ILM (Inner Limiting Membrane) and RPE (Retinal Pigment Epithelium) layers.
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Visit 1 (date: 060416) - Scan: 9/25
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Visit 5 (date: 010716) - Scan: 9/25
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Insights from Scale: Biologi€all=Diabetic Retinopathy

United Kingdom Diabetic Retinopathy >50 000 eyes

Electronic Medical Record (UK DR EMR) Progression to PDR Risk of DMO related to Surgery

Users Group

Egan C... UK DR EMR Users Group. o] b

Report 1: baseline characteristics and visual L

acuity outcomes in eyes treated with -~ 141

intravitreal injections of ranibizumab for z 12l

diabetic macular oedema. BJO 2017 gm % ol

Denniston A...Al-Husainy S...Tsaloumas M... 3 & 08

UK DR EMR Users Group. Report 2: real- 25% 06

world data for the impact of cataract 0.4+

surgery on diabetic macular oedema. BJO 0.2 — R
20 -15 -10 -5 0 5 10 15 20

2017 0 1 2 3 4 5 6 7 Time in relation to cataract surgery (months)

Years

Strat == No DR == Mild NPDR == Severe NPDR
rata
== \ery Mild NPDR == Mod NPDR | =~ \ery Severe NPDR
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United Kingdom Diabetic Retinopathy
Electronic Medical Record (UK DR EMR)

Users Group

Lee CS...UK DR EMR Users Group. Report 3:
Baseline Retinopathy and Clinical Features

Predict Progression of Diabetic Retinopathy.

AJO 2017

Denniston AK... Lip PL...Palmer H...Tufail A,
Egan CA; UK DR EMR Users Group. Report
4, real-world data on the impact of
deprivation on the presentation of diabetic
eye disease at hospital services. BJO 2019

>50 000 eyes
DR-related sight loss at presentation vs social deprivation

Odds Ratio
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Insights from Scale: Sociali=iiabetic Retinopathy
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Insights from Scaleflniorming Personalised Care

Wl N @ D Real world glaucoma study of:
73 994 patients

The ROYAL COLLEGE of AUDIT
473 252 visual fields

OPHTHALMOLOGISTS

Matched diagnostic labels
and IOP data

England @

Liu X, Kelly SR, Montesano G, Bryan SR, Barry RJ, Keane PA, Denniston AK, Crabb DP.
Evaluating the Impact of Uveitis on Visual Field Progression Using Large Scale Real-World Data. Am J Ophthalmol. 2019
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(95% confidence interval is smaller than +/- 2%)



Ophthalmology & Big Datasizare
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Liu X et al. Evaluating the Impact of Uveitis on
Visual Field Progression Using Large Scale Real-
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Rate of Progression: POAGNS

Mean Deviation (dB)
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Rate of Progression: Uveit

Risk Ratio for a patient with uveitis being a fast progressor:

Crude risk ratio: 1.71 (95%ci: 1.2-2.5)

But uveitic glaucoma population are younger...

Age-adjusted risk ratio: 1.89 (95% ci: 1.84-1.95)

=9 UNIVERSITYOF
*~ BIRMINGHAM



HHDRUK

Health Data Research UK

Science Talent & Training Digital Innovation Hubs News & Events Opinion

Strategy People ¥ Governance Funders

About

Welcome to Health Data Research UK - the national institute for health data science.

Health Data Research UK is uniting the UK’s health
data to make discoveries that improve people’s

lives.

Partners Structure Jobs

#HDRUK

Health Data Research UK
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DELIVERY

m Understanding
U Patient Data

This work uses data provided by
patients and collected by the NHS
as part of their care and support.
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A UNITING THE UK’S HEALTH DATA TO MAKE “SHDRUK
PR o | e DISCOVERIES THAT IMPROVE PEOPLE’S LIVES

TRUSTWORTHY USE OF DATA

@ —1T—
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UK HEALTH DATA RESEARCH ALLIANCE HEALTH DATA RESEARCH HUBS HEALTH DATA RESEARCH INNOVATION GATEWAY

Uniting the UK’s health data Curating disease focused datasets and providing Finding and accessing nationally aggregated, usable data
clinical trials and realworld evidence services

DISCOVER

UK Health Data

Research Alliance DE-IDENTIFY

LINK mmgik

NHS DATA - ACCESS
USERS:

¥ Researchers, Industry,
PATIENTS COHORT DATA ANALYSE NHS, Charities and
Government
REGISTRY DATA PHENOTYPE LIBRARY :

TRIALS DATA LINK TO TRUSTED RESEARCH
ENVIRONMENTS (SAFE HAVENS)

d by

HHDRUK #HDRUK

Health Data Research UK Health Data Research UK
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INSIGHT

Health Data Research Hub for Eye Health

INSIGHT is focused on eye disease and its application
to wider health, including diabetes and dementia.

It will use anonymised large-scale data and advanced
analytics, including artificial intelligence, to develop
new insights in disease detection, diagnosis,
treatments and personalised healthcare.

iﬂ DRUK € INDUSTRIAL | UK Research
STRATEGY and Innovation

Health Data Research UK




On 12th September 2019...

INSIGHT

Health Data Research Hub for Eye Health

INSIGHT is focused on eye disease and its application
to wider health, including diabetes and dementia.

It will use anonymised large-scale data and advanced
analytics, including artificial intelligence, to develop
new insights in disease detection, diagnosis,
treatments and personalised healthcare.

INDUSTRIAL | UK Research
STRATEGY and Innovation

Tackling blinding eye disease

Eye as a window

Innovation for impact

l

EYE

®

Unique datasets
€.g. AMD, Diabetes

l

SYSTEMIC

e s

‘Oculomics'
e.g. Dementia

l

COMMUNITY

i @

High Street-to-hospital
e.g. Al-solutions
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Oculomics — the eye as awindow. in the Al era

Original




Al: Predicting demographicsiand systemic health

Gender

This is a woman.

She is 58 years old, non-smoker, not
diabetic with a BMI of around 25,
and a BP of 150/85mmHg

Actual: Female
Predicted: Female



Original HbA1c BMI

Actual: 57.6 years

e " = 5 2
Predicted: 59.1 years Actual: (Nondiabetic] Actual: 26.3 kg/m

Predicted: 6.7% Predicted: 24.1 kg/m?

Current smoker

Systolic blood pressure

Diastolic blood pressure

Actual: Female Actual: Nonsmoker Actual: 148.5 mmHg Actual: 78.5 mmHg
Predicted: Female Predicted: Nonsmoker Predicted: 148.0 mmHg Predicted: 86.6 mmHg

Poplin et al Nature Biomedical Engineering Training cases: 280,000 images  Test cases: 12,026 images



Al & Oculomics: Predictinggandiciassifying dementia

The eye is the location for detecting early CNS changes

A number of studies have suggested a link between
standard OCT-measurements of ocular structures and
development of dementia

Model 1
Variable Hazard Ratio (95% CI)* P Value
® uk All dementia
b'“bamk Retinal nerve fiber layer®
Per SD decrease 1.51(1.25-1.82) <.001
Per 1-uym decrease 1.03 (1.01-1.04) <.001
Ganglion cell-inner plexiform layer?
32, 038 people with OCT and Per SD decrease 1.13 (0.89-1.42) 31
cognitive testing; 1251 with follow-up Per 1-pm decrease 1.02 (0.99-1.05) .33

JAMA Neurol 2018; 75(10): 1256-63 Alzheimer disease

Retinal nerve fiber layer®
Per SD decrease 1.49 (1.20-1.84) <.001
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A comparison of deep learning performance against health-care professionals in
detecting diseases from medical imaging: a systematic review and meta- &8
analysis "

Xiaoxuan Liu, MBChB T . Livia Faes, MD ' Aditya U Kale, MBChB = Siegfried K Wagner, BMBCh Dun Jack Fu, PI'lB

Alice Bruynseels, MBChB . Thushika Mahendiran, MBChB . Gabriella Moraes, MD = Mohith Shamdas, MBBS Christoph Kern,ip e

Joseph R Ledsam, MBChB . Martin K Schmid, MD . Konstantinos Balaskas, MD = Eric J Topol, MD  Prof Lucas M Bagﬁhmaﬁr}‘nﬂ,l’ﬁ@

Pearse A Keane, MD . Prof Alastair K Denniston, PhD 2 Show less - Show footnotes

Published: September 25,2019 . DOI: https://doi.org/10.1016/S2589-7500(19)30123-2
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ARTICLES | VOLUME 1, ISSUE 6, PE271-E297, OCTOBER 01, 2019

A comparison of deep learning performance against health-care professionals in

detecting diseases from medical imaging: a systematic review and meta- £ i,
analysis s

oy 20500 studies identified
Heakh-care professionals (14 tables) Deep learming models (14 tables)
1.0+ e - .:
| g | = <1% were High Quality
.{. ¢ . Only 14 were high quality and Al vs HCP

zos{ H
3 o4 ) Sensitivity (can correctly detect disease):

s RGN - o AT Al 87% of cases vs 86% HCP

4 00.9% (5% 01806 567} DEROERAES1564) Specificity (can correctly rule out disease):

I R Al 93% vs 91% HCP
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Artificial intelligence (AI)

Al equal with human experts in medical
diagnosis, study finds

Research suggests Al able to interpret medical images
using deep learning algorithm
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WMailOnline
News Opinion Sport Culture Lifestyle

UK World Business Football UK politics Environment Education Society More Artiﬁcial inte"igence is jUSt as
accurate as trained DOCTORS at
spotting ilinesses from cancer to rare
eye conditions

« Al spotted host of conditions from cancer to eye diseases with 87% precision
« Using deep learning it slightly outperformed medical experts who scored 86%
« Findings bolster Health Secretary's grand plans of a 'digital revolution' for NHS

Artificial intelligence (AI)

Al equal with human experts in medical
diagnosis, study finds

Research suggests Al able to interpret medical images
using deep learning algorithm

© Shutterstock / Phonlamai Photo




The Telegraph

News Politics Sport Business Money Opinion Tech

Al .. now 'as good' as doctors

b

Professor Alastair Denniston said: “Within those handful of high-quality
studies, we found that deep learning could indeed detect diseases ranging
from cancers to eye diseases as accurately as health professionals.

“But it’s important to note that AI did not substantially out-perform
human diagnosis.”

MailOnline

Artificial intelligence is just as
accurate as trained DOCTORS at
spotting illnesses from cancer to rare
eye conditions

« Al spotted host of conditions from cancer to eye diseases with 87% precision
« Using deep learning it slightly outperformed medical experts who scored 86%
« Findings bolster Health Secretary's grand plans of a 'digital revolution' for NHS

© Shutterstock / Phonlamai Photo
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| Al can now diagnose cancer and other
Al |, now'asgood'asdoctors illnesses 'as accurately as trained

doctors'

Researchers claim diagnosis of disease using deep learning algorithms
holds enormous potential

Artificial intelligence can identify ilinesses "ranging from cancer to eye
diseases" as accurately as trained doctors, new research has revealed.

Using a technique known as deep learning, computers can examine
thousands of medical images to identify patterns of disease.

This has "enormous potential" for improving the precision and speed of
Professor Alastair Denniston said: “Within those handful of high-quality diagnosis, accfordmg to sclentists from University Hospltals Birmingham
studies, we found that deep learning could indeed detect diseases ranging NHS Foundation Trust.
from cancers to eye diseases as accurately as health professionals.

By pooling data from 14 trials, the team showed that deep learning
“But it’s important to note that AI did not substantially out-perform correctly detected disease in 87% of cases - compared to 86% achieved
human diagnosis.” by doctors.
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Artificial intelligence has been hailed as the next big thing in

medicine. But does it really live up to the hype? Xiao Liu and Alastair
Denniston from the University of Birmingham reveal their findings.

Health Check was presented by Claudia Hammond
Producer: Anna Lacey
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Al can now diagnose cancer and other
ilinesses 'as accurately as trained
doctors'

Researchers claim diagnosis of disease using deep learning algorithms
holds enormous potential

Artificial intelligence can identify ilinesses "ranging from cancer to eye
diseases" as accurately as trained doctors, new research has revealed.

Using a technique known as deep learning, computers can examine
thousands of medical images to identify patterns of disease.

This has "enormous potential" for improving the precision and speed of
diagnosis, according to scientists from University Hospitals Birmingham
NHS Foundation Trust.

By pooling data from 14 trials, the team showed that deep learning
correctly detected disease in 87% of cases - compared to 86% achieved
by doctors.



B E @ Your account Menu

= Health Check

Health Check Home

Artificial intelligence has been hailed as the next big thing in

medicine. But does it really live up to the hype? Xiao Liu and Alastair
Denniston from the University of Birmingham reveal their findings.
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Producer: Anna Lacey
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Al may be as effective as medical specialists at diagnosing
disease

By Jack Guy, CNN
(® Updated 1123 GMT (1923 HKT) September 25, 2019

(CNN) — A new scientific review has concluded that artificial intelligence (Al) may be able to diagnose
disease as successfully as human healthcare professionals, but a lack of quality studies means the real
potential of the technology is unclear.

Researchers carried out the first systematic review of existing research into Al in the health sector and
published their findings in The Lancet Digital Health journal.
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Log in / Register Al may be as effective as medical specialists at diagnosing
disease
r/science ® Computer Science ® §
. X . By Jack Guy, CNN
Al equal with human experts in medical ® Updated 1123 GMT (1923 HKT) September 25, 2019

diagnosis based on images, suggests
new study, which found deep learning
systems correctly detected disease state
87% of the time, compared with 86% for
healthcare professionals, and correctly
gave all-clear 93% of the time, compared
with 91% for human experts.
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(CNN) — A new scientific review has concluded that artificial intelligence (Al) may be able to diagnose
theguardian @ disease as successfully as human healthcare professionals, but a lack of quality studies means the real
potential of the technology is unclear.

Share Researchers carried out the first systematic review of existing research into Al in the health sector and

published their findings in The Lancet Digital Health journal.
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Al equal with human experts in medical
diagnosis based on images, suggests
new study, which found deep learning
systems correctly detected disease state
87% of the time, compared with 86% for
healthcare professionals, and correctly
gave all-clear 93% of the time, compared
with 91% for human experts.
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Comput | Wikipedia generated over $114k revenue for
Reddlt in 2016 because posts with Wikipedia links get more

“ views and generate more ad revenue. While Wikipedia content

generates revenue for Reddit and Stack Overflow, those sites
do not brlng any benefit back to Wikipedia dl.acm.org/citati.. 2
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Posted by u/asbruckman Professor | Interactive Computing 1 year ago

(Z W 1.4kComments g Share [} Save e«

Computer Science Oxford team achieves a quantum logic gate
with record-breaking 99.9% precision, reaching the benchmark

required to build a quantum computer ourmals.aps.org/pri/ab.. &

r/science [§ - Posted by u/Choobeen 3 years ago

(2 W 2.6kComments g Share [} Save oo

Comy J AI equal with human experts in medical
d|aonOS|s based on images, suggests new study, which found
deep learning systems correctly detected disease state 87% of
the time, compared with 86% for healthcare professionals, and
correctly gave all-clear 93% of the time, compared with 91%

for human experts.
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NEWS SITE OF THE YEAR

YES WE SCAN Computers can be ‘better

than doctors at spotting disease’ study
finds

Nick McDermott, Health Editor
25 Sep 2019, 0:44 | Updated: 25 Sep 2019, 0:44

] o = 2 comments.

COMPUTERS are better than doctors at spotting ilinesses from scans, a
study shows.

Artificial Intelligence correctly diagnoses disease in 87 per cent of cases
— one per cent more than medics.

Doctors have been outperformed by a computer program at spotting illnesses

Credit: Getty - Contributor
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YES WE SCAN Computers can be ‘better

than doctors at spotting disease’ study
finds

Nick McDermott, Health Editor
25 Sep 2019, 0:44 | Updated: 25 Sep 2019, 0:44

] o = 2 comments.

COMPUTERS are better than doctors at spotting ilinesses from scans, a
study shows.

Artificial Intelligence correctly diagnoses disease in 87 per cent of cases
— one per cent more than medics.

Doctors have been outperformed by a computer program at spotting illnesses

Credit: Getty - Contributor

baldie bloke - 25sep

thats good there are a few good doctors out there will spot things, but
there is also a hell of a lot of crap ones out there ..s0 its nice to hear that
there is so thing better

Reply

G goho - 25Sep baldie bloke

Ye some of them can't even log into a pc with their user name and
password.

Reply

Mark Thomas - 25Sep

I'm regularly in hospital and most of the doctors | have met couldn't
diagnose a decapitation let alone cancer or a brain tumour! They all think
they know your body better than you do and just fob you off!

Reply

Freddy Ready - 25Sep - Edited

Al makes a much better DJ on Spotify than the useless radio DJs we've had
to put up with so perhaps it will provide some relief from useless doctors
who prescribe antibiotics for virus infections too.

Reply
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Automated deep learning design for medical image classification by health -care
professionals with no coding experience: a feasibility study

Livia Faes, MD | Siegfried K Wagner, BMBCh T . Dun Jack Fu, PhD  Xiaoxuan Liu, MBChB Edward Korot, MD
Joseph R Ledsam, MBChB . Trevor Back, PhD . Reena Chopra, BSc = Nikolas Pontikos, PhD Christoph Kern, MD
Gabriella Moraes, MD . Prof Martin K Schmid, MD - Dawn Sim, PhD - Konstantinos Balaskas, MD  Prof Lucas MiBachmann, PhD

Prof Alastair K Denniston, PhD . Pearse A Keane, MD 2 Show less - Show footnotes

Published: September, 2019 . DOI: https://doi.org/10.1016/S2589-7500(19)30108-6 "!) Check for updates
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Automated deep learning design for medical image classification by health -care
professionals with no coding experience: a feasibility study

Livia Faes, MD | Siegfried K Wagner, BMBCh T . Dun Jack Fu, PhD = Xiaoxuan Liu, MBChB Edward Korot, MD

Joseph R Ledsam, MBChB . Trevor Back, PhD . Reena Chopra, BSc = Nikolas Pontikos, PhD Christoph Kern, MD ¢ :

Gabriella Moraes, MD . Prof Martin K Schmid, MD - Dawn Sim, PhD = Konstantinos Balaskas, MD  Prof Lucas M“Ba'cﬁyhann, PhD

Prof Alastair K Denniston, PhD . Pearse A Keane, MD 2 Show less - Show footnotes

Published: September, 2019 . DOI: https://doi.org/10.1016/S2589-7500(19)30108-6
Pollard et al 2019 Lancet Digital Health

‘The work is compelling because it suggests
that expert-level results in image
classification are now achievable by anyone
with cursory training.’
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"Deep learning advances in health care ultimately has to be
driven by clinicians and has to be patient-centred...We need to

know this is not magic."
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Commentary

Journal of the Royal Society of Medicine; 2018, Vol. 111(4) 113116
DOI: 10.1177/0141076818762648

Time to regenerate: the doctor in the age of artificial
intelligence

Xiaoxuan Liu"2'3, Pearse A Keane'* and Alastair K Denniston'%>*

‘[We want to] put the spotlight back on
the human doctor:
their role and their unique gift —

to be human,
when a perfect algorithm is not enough.’
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