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Oculomics
Why the eye holds the key 
to systemic health and well-being

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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Why bother? 

“I would rather die from cancer 
with my sight intact 

than survive cancer blind.” 
RCOphth, 2018
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Better Understanding of Disease

How the Immune System Functions in the Eye 



Better Understanding of Disease

Maintain  transparent 
visual axis

Eliminate infection Minimise collateral 
damage



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 III.  Springer, 2009.
.
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Better Understanding of Disease

Characterisation of lymphocyte recruitment

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

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 III.  Springer, 2009.
.

Neutrophils                    Lymphocytes

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

First identification of live Dendritic Cell in the eye

Denniston AK, Tomlins P, Williams GP, Kottoor S, Khan I, Oswal K...Wallace GR, Rauz S, Murray PI, 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
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Better Understanding of Disease

Hypothesis: anterior uveitis isn’t actually uveitis

MHCI/II+
CD86+

MHCI/CD86lo

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



Better Understanding of Disease

Hypothesis: existence of ocular ’glymphatics’

Denniston, Keane IOVS 2015; IOVS 2016 
Denniston, Keane, Aojula, Sinclair, Mollan IOVS 2017
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Better Treatment

VISUAL I
Jaffe et al 
NEJM 2016
VISUAL II 
Nguyen et al
Lancet 2016

Editorial on the VISUAL 
studies
Denniston and Sen
Lancet.2016 
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NICE Approvals

Adalimumab 
Ozurdex
Iluvien
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UVEITIS Activity Damage Visual 
loss

Patient 
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

C
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UVEITIS Activity Damage Visual 
loss

Patient 
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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Activity Damage

PS/PAS Cataract ERM Retinal 
necrosisGlaucoma Ischaemia

Band 
Keratopathy CNV



AC Cells Vitreous 
Haze Retinitis ChoroiditisAC Flare Vascular 

leakageCMO

Activity Damage



Clinical Status

Treatment 
Decisions

Trials of 
efficacy

Drug licensing

• Cost of trial per drug:
• Phase 1:  $5million
• Phase 2:  $10million
• Phase 3:  $20million

• Total cost of drug to market:
• $2.7billion

Problems with current endpoints



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

2) Inconsistency: Not all used SUN 
scales for relevant indices; variable 
use of 0.5+ as a step.1

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 with current endpoints



Current measures of disease activity in uveitis are 
insensitive, unreliable and inadequate.1-4

“There is a clear need for objective assessments of ocular 
inflammation, which are repeatable, reliable, and 
quantifiable.”                                Malvina Eydelman, FDA1

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 with current endpoints



1) Heterogeneity: 14 different domains1

2) Inconsistency: Not all used SUN scales1

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

Define a 
Core Outcome Set 

for Uveitis1,2
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1) Heterogeneity: 14 different domains1

2) Inconsistency: Not all used SUN scales1

3) Subjectivity: poor interobserver 
agreement between clinical indices

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

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):BIO131-BIO140

Develop objective 
endpoints through

Quantitative Imaging3

Problems with current endpoints

Define a 
Core Outcome Set 

for Uveitis1,2
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1. Cystoid macular oedema

So what are we trying to measure?

Tallouzi M. PhD. 2015- University of Birmingham. 

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.



1. Cystoid macular oedema

2. AC cells and AC flare

3. Retinal vessel inflammation

4. Retina/choroid inflammation

5. Vitreous inflammation

So what are we trying to measure?

Liu X. PhD. 2017- University of Birmingham. 



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

Automating AC Cell Counts
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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
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Vitreous:RPE Relative Intensity (VIT:RPE)

To examine whether the 95% LoA were significantly different
between observers in controls and uveitic eyes, with and without
vitritis, the variance of the interobservermeasurement differences was
calculated and the F statistic (variance ratio) presented (Table 3). The
variance ratios between graders were not statistically significant in all
groups, which suggests that VIT/RPE relative intensitymeasurements
were reproducible in both controls and in eyes with vitritis. However,
there was a trend toward a higher 95% LoA in eyes with vitritis
compared with controls (0.0450 vs. 0.0226, respectively).

Case Study
A 57-year-old man presented to the uveitis clinic and was diag-
nosed with active, noninfectious panuveitis affecting the right eye.
At presentation, he underwent SD-OCT imaging (Spectralis),
which revealed widespread intravitreal cellular infiltrates and
diffusely increased vitreous signal intensity (Fig 2A). Manual
segmentation of vitreous and RPE in the image set from the
affected eye was performed, resulting in a VIT/RPE-Relative In-
tensity value of 0.3550 (Fig 2B). Oral prednisolone was begun, and
the patient was followed closely. At 1 month post-treatment, there

was no evidence of active inflammation on clinical examination, a
finding in keeping with results from OCT analysis, in which a VIT/
RPE-Relative Intensity value of 0.1267 was determined.

Discussion

In patients with uveitis, the onset of inflammation
commonly leads to permeation of the vitreous with in-
flammatory cells and protein-rich exudate.29 These changes
typically reflect the degree and to an extent the location and
character of the underlying uveal inflammation. Vitreous
inflammatory cells can be directly visualized using slit-
lamp biomicroscopy and, more recently, OCT.15 However,
in many cases of uveitis (e.g., pars planitis), vitreous cells
may persist for extended periods even after resolution
of their initiating inflammatory episode.7 In contrast,
protein-rich exudate is seen only in the presence of active
inflammation. This exudate also may be seen on clinical
examination in the form of vitreous “flare” (i.e., the scat-
tering of light by fine particles suspended in solution as
described by the Tyndall effect).30,31 Because OCT is
fundamentally a light scatteringebased imaging modality, it
is well suited to the visualization of this feature. Although

Figure 6. Scatter plot comparing clinical vitreous haze scores with vitreous
signal intensity/retinal pigment epithelium (VIT/RPE)-Relative Intensity
scores in uveitic patients with vitreous haze (n ¼ 30) and without vitreous
haze (n ¼ 12). The solid line represents the regression line.

Table 2. Reproducibility of Vitreous Signal Intensity/Retinal
Pigment Epithelium Relative Intensity Values in Patients with
Vitritis and in Controls as Assessed Using BlandeAltman Plots

VIT/RPE-Relative Intensity

Interobserver
Mean Difference 95% CI

95%
LoA

Uveitis with vitreous
haze (n ¼ 30)

"0.00164 "0.00593 to 0.00264 0.0450

All controls (n ¼ 30) "0.00158 "0.00373 to 0.000566 0.0226
Normal eyes

(n ¼ 12)
0.00301 "0.00193 to 0.00795 0.0305

Uveitis without
vitritis (n ¼ 18)

0.000633 "0.00129 to 0.00255 0.0151

All (n ¼ 60) "0.00161 "0.00394 to 0.000711 0.0353

CI ¼ confidence interval; LoA ¼ limits of agreement; VIT/RPE ¼ vitreous
signal intensity/retinal pigment epithelium.

Figure 7. BlandeAltman plot of difference in vitreous signal intensity/
retinal pigment epithelium (VIT/RPE)-Relative Intensity measurements
obtained by graders 1 and 2 versus the mean VIT/RPE-Relative Intensity
score obtained by graders 1 and 2. The solid horizontal line corresponds to
the mean difference ("0.002 arbitrary units), and the dashed horizontal lines
correspond to the 95% limits of agreement (LoA) ("0.019 to 0.016 arbi-
trary units). SD ¼ standard deviation.

Table 3. Variance Ratio (F Statistic) of Intergrader Differences in
Vitreous Signal Intensity/Retinal Pigment Epithelium Relative
Intensity Measurements in Eyes with Vitritis and Controls

F Test P Value

Uveitis with vitreous haze (n ¼ 30) 1.06 0.88
All controls (n ¼ 30) 1.07 0.86
Normal eyes (n ¼ 12) 1.00 1.00
Uveitis without vitritis (n ¼ 18) 1.07 0.90

All (n ¼ 60) 1.04 0.87

F test ¼ variance ratio test.

Ophthalmology Volume -, Number -, Month 2014

6
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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
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Insights from Scale: Biological - Diabetic Retinopathy

United Kingdom Diabetic Retinopathy 
Electronic Medical Record (UK DR EMR) 
Users Group

>50 000 eyes
Progression to PDR Risk of DMO related to Surgery

Egan C… UK DR EMR Users Group. 
Report 1: baseline characteristics and visual 
acuity outcomes in eyes treated with 
intravitreal injections of ranibizumab for 
diabetic macular oedema. BJO 2017

Denniston A…Al-Husainy S…Tsaloumas M… 
UK DR EMR Users Group. Report 2: real-
world data for the impact of cataract 
surgery on diabetic macular oedema. BJO
2017 



Insights from Scale: Social - Diabetic Retinopathy

United Kingdom Diabetic Retinopathy 
Electronic Medical Record (UK DR EMR) 
Users Group

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

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 
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Real world glaucoma study of:

• 73 994 patients

• 473 252 visual fields

• Matched diagnostic labels 

and IOP data

Insights from Scale Informing Personalised Care

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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POAG only Uveitic 
Glaucoma

Median Age (IQR) 71 
(63, 77)

63 
(53, 73)

Median MD of ‘first’ VF (IQR) -3
(-7, 1)

-4 
(-10, -1)

Ophthalmology & Big Data: Rare conditions

Liu X et al. Evaluating the Impact of Uveitis on 
Visual Field Progression Using Large Scale Real-
World Data. AJO 2019



POAG Rapid Progressors
-1.5dB/year or more

Uveitic Glaucoma
6.8% 12.3%

Rate of Progression: POAG vs Uveitic Glaucoma



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

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

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

But uveitic glaucoma population are younger…

Rate of Progression: Uveitic Glaucoma
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Midlands Site
Birmingham, Leicester, 
Nottingham, Warwick



HDR-UK Strategy
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Personalised prediction and Rx

Better Understanding - Treatment – Evaluation – Scale -



Personalised prediction and Rx

Better Understanding - Treatment – Evaluation – Scale - AI 



And finally… Introducing Oculomics



?

Oculomics – the eye as a window in the AI era



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

AI: Predicting demographics and systemic health



AI: Predicting demographics and systemic health

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



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

32, 038 people with OCT and 
cognitive testing; 1251 with follow-up
JAMA Neurol 2018; 75(10): 1256-63

AI & Oculomics: Predicting and classifying dementia





20500 studies identified

<1% were High Quality 
Only 14 were high quality and AI vs HCP

Sensitivity (can correctly detect disease):
AI 87% of cases vs 86% HCP

Specificity (can correctly rule out disease):
AI 93% vs 91% HCP
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But if we want to make impact…











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.’



So, are we still needed?
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So, are we still needed?

‘[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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