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What do doctors do? What do hospitals do?
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Doctors treat patients and they keep records >

EHR data

In-hospital transfers 2.4 m patients (8m transfers)

over 10 years
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Clinicians diaghose diseases and write it down
56 million people in England alive at 30 Jan 2020 (the day before
COVID case #1) and updated hospitalisations, currently 250

million
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Healthcare systems across the world know remarkably
little about which patients have which diseases, in which
combinations, and with what outcomes.



International unmet need

Lack of findable, accessible, useful personalised risk for people with each disease

'People like me’ Existing risk information:
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* Not 'for' patients

'Patients like mine
 Mono morbid approach (but patients commonly multimorbid)

* Serendipitous ‘one disease at a time’ generation of prognostic
models: no systematic framework




Prognosis and medical ethics

"Patients have the right

to discuss risks"

Patients’ rights

Doctors' duties

"You must ...
share information on
likely progression”

M’%

General
Medical
Council

Can we be more systematic and
do this for each and every
disease?



Democratic approaches to answering ubiquitous questions across
the ‘long tail’ of clinical medicine
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Prognosis: massive need for more, and more
actionable, research

Prognosis research strategy (PROGRESS) 1: A framework for researching clinical outcomes.
BM] Hemingway H, Croft P, Perel P, Hayden JA, Abrams K, Timmis A, Briggs A, Udumyan R, Moons KGM, Steyerberg EW, Roberts |, Schroter S,

Altman DG, Riley RD. BMJ. 2013 Feb 5;346:e5595.

' Prognosis Research Strategy (PROGRESS) 2: Prognostic Factor Research.
@PLOS | MEDICINE Riley RD, Hayden JA, Steyerberg EW, Moons KG, Abrams K, Kyzas PA, Malats N, Briggs A, Schroter S, Altman DG, Hemingway H. PLoS Med.

2013 Feb;10(2):e1001380.

Prognosis Research Strategy (PROGRESS) 3: Prognostic Model Research. steyerberg EW, Moons KG, van
der Windt DA, Hayden JA, Perel P, Schroter S, Riley RD, Hemingway H, Altman DG. PLoS Med. 2013 Feb; 10(2):e1001381.

@Pl_os | MEDICINE

BM] Prognosis Research Strategy (PROGRESS) 4: Stratified Medicine Research. Hingorani AD, Windt DA,

Riley RD, Abrams K, Moons KG, Steyerberg EW, Schroter S, Sauerbrei W, Altman DG, Hemingway H. BMJ. 2013 Feb 5;346:e5793.



Approach: from serendipity to systems

All diseases

100s of diseases

12 diseases

S AXAK




One disease at a time



1 Disease: Angiographic Coronary Artery disease:

Clinical data: 5 hospitals, ‘weighing paper case notes’
Outcomes from hospital EHR linkage (first time in England)
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1 Disease: angina

Clinical data: whole country nationwide in Finland
CD sent in the post!

Corcnary Mortality Compared With
Sex-Specific General Population

Lower : Higher ® Women
Observed/ SMR P Value for ; M Men
Age Group, y Sex Expected Deaths (95% Cl) Interaction :
Test-Positive Angina _
45-54 Women 11/1 12.1 (6.06-21.7) 0 °
Men 120/21 5.63 (4.71-6.74) | ' ——
55-64 Women 55/12 4.69 (3.60-6.11) | 001 —®—
Men 229/95 2.40 (2.11-2.73) = =
65-74 Women 221/88 2.50(2.20-2.86) | 001 —@—
Men 452/242 1.87 (1.70-2.05) | = : -
75-84 Women 322/187 1.72 (1.54-1.92) 83 : L
Men 329/188 1.75(1.57-1.95) ' —-
85-89 Women 127/64 2.00 (1.68-2.37) | 57 : —@—
Men 74/39 1.93 (1.54-2.42) ' N
T T | T T T T T | 1
0.5 1.0 10
Coronary SMR

Hemingway et al. JAMA 2006



1 Disease: acute myocardial infarction

Whole country nationwide in UK and Sweden
Disease registry: manual data entry, not part of EHR

Number at risk

AP  UK: 30-day risk of death 10-5% B
% W ralhN (95%C110.4-106)
2
8 g4
2 e
E E———
£ e
£ 64
2 """ Sweden: 30-day risk of death7-6% [lI' NN
] < o
£ (95% C17:477) N
E 47
U
S
©
: 2-
=
~J ,/,/'/
0 I' | I I 1 I I
0 5 10 15 20 25 30
Time since admission (days)
Sweden 119786 115113 113364 112345 111646 111136 110693
UK 390948 370883 362830 357954 354475 351919 349845

Acute myocardial infarction: a comparison of short-term
survival in national outcome registries in Sweden and the UK

Sheng-Chia Chung, Rolf Gedeborg, Owen Nicholas, Stefan James, Anders jeppsson, Charles Wolfe, Peter Heuschmann, Lars Wallentin,
John Deanfield, Adom Timmis, Temas fermberg, Hormy Hemingway




12 diseases at a time



12 diseases: Higher resolution ‘CVD’
3% sample of England (1.2m people)

Stable angina (n=10349)
EHR (primary care linked to secondary care . 128 (242
p y y DBP A | 1.28 (1:24-133)
. . Unstable angina (n=4139)
clinically recorded blood pressure . v
DBP n- 121 (1-15-1-28)
Myocardial infarction (n=11029)
SBP i 1.29 (1:25-1:34)
DBP " 121 (117-1:26)
Unheralded coronary heart
disease death (n=3661) -
SBP —— 1.26 (119-1:34)
DBP L 121 (114-1-29)
Heart failure (n=10437) -
SBP - 1.27 (1-23-1:32)
DBP [ B 123 (1-19-1-28)
Cardiac arrest/sudden cardiac death (n=2355)
SBP —— 119 (1-10-1:29)
DBP n- 1-20 (1-12-1-30)
Transient ischaemic attack (n=8767)
. . SBP —— 115 (1-11-1-19)
Informed American and European guidelines DBP . e
Ischaemic stroke (n=4329) '
SBP —— 135 (1-28-1-42)
DBP - 1:30 (1-23-1-38)
. . H Subarachnoid haemorrhage (n=830 ;
Risks differ across diseases op R0 ; = 143 (125-1.63)
DBP ; ] 1-42 (1-25-1-60)
Intracerebral haemorrhage (n=1639) :
SBP P —— i — 1-44 (1:32-1:58)
DBP ] 1.50 (1-37-1-64)
Peripheral arterial disease (n=8414)
SBP o — il 135 (1:30-1-40)
DBP m ' 1.07 (1.02-1-11)
ﬁ Abdominal aortic aneurysm (n=2261)
SBP —— 1-08 (1:00-1:17)
DBP ; [ 1-45 (1:34-1-56)
Total cardiovascular disease (n=83098)
SBP [ | 1-26 (1-25-1:28)
DBP ' 123 (1-21-1-24)
T T 1
1 1-2 14 1.6
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Rapsomaniki et al. The Lancet 2014



Many common diseases



A chronological map of 308 physical and mental health
conditions from 4 million individuals in the English National
Health Service

Valerie Kuan, Spiros Denaxas, Arturo Gonzalez-Izquierdo, Kenan Direk, Osman Bhatti, Shanaz Husain, Shailen Sutaria, Melanie Hingorani,
Dorothea Nitsch, Constantinos A Parisinos, R Thomas Lumbers, Rohini Mathur, Reecha Sofat, Juan P Casas, lan C K Wong, Harry Hemingway,
Aroon D Hingorani

How health changes over life

L

1-9
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neoplasms Endocrine Neurological Cardiovascular Digestive Musculoskeletal Perinatal
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THE LANCET THE LANCET The best science for better lives

Dr Valerie Kuan



EHR phenotyping
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Open EHR Phenotyping library

HDRUK Phenotype Library Home Phenotypes Concepts API About v+ #)Login

The HDR UK Phenotype Library is a comprehensive, open
access resource providing the research community with
information, tools and phenotyping algorithms for UK
electronic health records.

1 our Phenotype library

793 1462 101562 22 14

Phenotypes Concepts Clinical Codes Data Sources Coding Systems

A Reference Catalogue of Human Diseases

Connected. The Phenotype Library is accessible via an API to support interoperability, is integrated with health dataset information in HOR-UK's Innovation
Gateway, and hosts content from numerous contributing organisations.

Patient-focused. The Library is enabling important research to improve patient health and well-being. Content spans major disease areas, including heart
disease, cancer, COVID-19 and other common and rare human health conditions. Curated collections from contributors such as the HDR UK BREATHE Hub
for respiratory health share clinical expertise to tackle critical research questions.

Cutting-edge. Built with a focus on computability, this resource aims to drive the next generation of research methods. Integration with Phenoflow enables
executable implementations of the phenotypes in our collection, while the API and R package client facilitate integration of the Library content directly into

other analysis workflows.

https://phenotypes.healthdatagateway.org



HDRUK phenotype Library Home Phenotypes Concepts API About v #JLogin
Phenotypes > Asthma

= o

I Home csv
Asthma ISON
Definition Eleanor L Axson, Jennifer K Quint XML

Implementation

Type Disease or Syndrome

Publications 1D PH12
Version ID 24

Clinical Code Lists n . ; ey 5 : : ; g ; P
Data Sources Clinical Practice Research Datalink GOLD , Clinical Practice Research Datalink AURUM , Hospital Episode Statistics APC for CPRD GOLD , Hospital Episode

s : Statistics APC for CPRD Aurum , Death Registration data for CPRD GOLD , Death Registration data for CPRD Aurum , UK Biobank
Version History

Valid event data range 01/01/2001 - 31/12/2019

Sex Female, Male

Agreement Date 2020-06-03

Coding system Read codesv2 ICD10codes SNOMEDcodes UKBioBankcodes ICD11 codes
Tags

Definition

These codes will capture asthma ever, not just current asthma. These codes are not intended to be mandatory, but are to be used as a starting point for the identification of asthma in routine
EHR. Each study may differ in the sensitivity and specificity of the coding required.

For those interested in further discrimination of asthma phenotypes, we refer you to Nissen et al. 2019.

F. Nissen, Douglas, I. J., Mullerova, H., Pearce, N., Bloom, C. I., Smeeth, L., and Quint, J. K., ?Clinical profile of predefined asthma phenotypes in a large cohort of UK primary care patients
(Clinical Practice Research Datalink)?, J Asthma Allergy, vol. 12, pp. 7-19, 2019.

Validation of Read Codes for the Identification of COPD in CPRD

Quint et al. validated a set of Read codes for the identification of COPD in CPRD in 2014. Using diagnostic codes alone, the positive predictive value (PPV) was 86.5% (77.5792.3%). Requiring
a diagnostic code, spirometry measures, and specific medication increased PPV to 89.4% (80.7?794.5%) but reduced case numbers by 10%.

https://phenotypes.healthdatagateway.org



Validations of EHR Phenotypes

» Specialist adjudication vs standard

» Clinical relevance e.g. mapping to guidelines + quality initiatives

, Outcomes and Prognosis

., Genetic / molecular / aetiology

» Concordance across settings (1ry, 2ry, 3ry)

> Transportability across health systems and nations

Denaxas et al. JAMIA 2018



Uses and insights from EHR Phenotypes

» Specialist adjudication vs standard

» Clinical relevance e.g. mapping to guidelines + quality initiatives

, Outcomes and Prognosis

., Genetic / molecular / aetiology

» Concordance across settings (1ry, 2ry, 3ry)

> Transportability across health systems and nations

Denaxas et al. JAMIA 2018



Use of 100s of EHR disease phenotypes: pre-prototype of prognostic atlas for
pandemic response

«ll FASTWEB 3G

Estimating excess 1-year mortality associated with the
£ 1 M COVID-19 pandemic according to underlying conditions and

age: a population-based cohort study
10 HOURS AGO by Clive Cookson in London

Amitava Banerjee, Laura Pasea, Steve Harris, Arturo Gonzalez-Izquierdo, Ana Torralbo, Laura Shallcross, Mahdad Noursadeghi, Deenan Pillay,
Neil Sebire, Chris Holmes, Christina Pagel, Wai Keong Wong, Claudia Langenberg, Bryan Williams, Spiros Denaxas, Harry Hemingway

The latest UK government strategy to slow

the coronavirus epidemic could lead to OurRisk.CoV

between 35,000 and 70,000 excess deaths
over the next year, according to an instant
analysis by scientists from University
College London, the University of
Cambridge and Health Data Research UK.

Prof Ami
Banerjee
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Pre-print 21 March 2021 TIMES
The day before UK Lockdown 1



OurRisk.CoV

Underlying conditions or ongoing treatments

Heart failure -

Maore than one of the listed conditions?
® Yes () No

Age (years)

60-70 v

Sex
@ Man O Woman

Calculate risk

Adjust our risk

Welcome to OurRisk. CoV

Who is OurRisk.CoV for?

How to use OurRisk.CoV

What should | do with this information?

Tell us what you think

Risk calculator Further information

In similar people in England:

1-year risk of death

Baseline Projected during the pandemic

7.4% (6.6 - 8.2%) 7.9% (7 -8.7%)

Expected deaths amongst individuals with similar characteristics

The most commaon co-existing conditions
in similar people.
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http://covid19-phenomics.org/PrototypeQurRiskCoV.html

“At last | have some information about me that | can act on”
1 4m paae views
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Dr Laura Pasea



http://covid19-phenomics.org/PrototypeOurRiskCoV.html

Use of 100s of EHR disease phenotypes: pre-prototype of prognostic atlas
lockdown 1 - cancer

i Infected i Affected ﬁ Mot affected

Referrals for urgent cancer
diagnosis

1 comorbidity

2 comorbidities 3+ comorbidities %% Comorbidities
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Brain
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Non-Hodgkin's lymphoma
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Absolute Melanoma
excess deaths Pancreas
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10 Ovary
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% Change relative to 2019 average

Estimating excess mortality in people with
cancer and multimorbidity in the COVID-19

Atlas as ‘canary in the mine’ emergency

Alvina G. Lai, PhD.">™, Laun Pases, PRD.'? , Amitava Banasjee, DPhl >, Spiros Denaxas, PhubD. %7, Michall Katsoulid Dr A|V|na
PhD.'2, Wai Hoong Chang, MSc'2, Bryan Wiliams, Ph.D_*2%, Deemian Pillay, Ph.D_%, Mahdad Noursadeghi, PhoD_%, David
Linch, FMedSci®®, Desralynn Hughes, FRCPath ™1, Martin D. Farster, PhD.*™, Clare Tumiull, PhoD.™?, Nataie K. Fitzpatric L H
MSc'2, Katwyn Boyd, MD™, Graham R Fostes, PhD.*, DATA-CAN *>, Mail Coopes, PhD.*, Monica Jones, PGDip ™, Ka al




Deaths in people with cancer

could rise by at least 20% @Ih]® @SEggTﬂph

Coronavirus crisis may lead to 20,000
P more cancer deaths
Study warns that patients have been foregoing treatment due to fears of

overburdening NHS or contracting virus in hospital

Guardlan

Nearly 18,000 more people could die of
cancer due to impact of Covid-19,
researchers warn Evening:

3
WERSITE OF THE YEAR

Patients waiting morgg?™ — 3
urgent cancer checks

By Nick Bostock on the 29 April 2020

Covid-19 crisis could lead t0 18,000
more cancer deaths, experts warn
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Land i

- precpbe with ¥ u-'ro' li-"|r|=='!
hospital and " g in Eng W Thave been chucked s ssekhetp inthe
ospi : ile i . wap, mm‘mm nd
delays cited as factors the disease could die from it cver the  to more than 26,000 deaths from [l ile in favour F, e by dialling 556,
Covid-i3 the pandemsc took acroas the UK have refemed
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Could e 5. That 1 a0 Increase. Cancer Suppor,whidh warped st
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Patients referred over a month ago
have yet to be offered hospital appq
NHS England urged patients 'not t{

Coronavirus news —
lead to 18,000 extra
experts warn, as test
more across Englam

Samuel Lovett | Ssamusiiov

to saspend patient
patients from seeking NHS care, ceavinesstasdsat21578, while moce ‘South-west England Faces a large backlog. “

Coronavirus  Dissase control and prevention  Health sector

Cancer deaths in England could soar by a fifth m_qilomh_ne
this year, says UCL study FINANCIAL TIMES Britain's coronavirus ci

€ Nearly 18,000 more people
die sooner than they would have' eurd

risis could result @71/ IR LR

SCAN FOR PAPER

in 18,000 more people dying of cancer a ”‘;) vd to pi

in next year while NHS faces backlog
Excess Cancer Deaths Predicted O R R et s Britain’s Cancer Crisis

as Care Disrupted by COVID-19 million operations were cancelled

. e | Study highlights concern that cancer J.
ooa WebMD | 7 ot :

deaths could rise by at least 20

MAY AL M0 4 natients

.....subsequent NHS Recovery Plan in July 2020 prioritizes cancer services



2021- a step up in the scale and depth of data in England
accessible by researchers

Total population
(N=56,609,049)

Death
(N=138,410)

Positive test
(N=3,114,784)

Primary care

(N=2,363,507) 921,546
i 26,6%

Hospitalisation
(N=364,282)

294,143
8,5%

Dr Johan Dr Chris
Thygesen Tomlinson

Thygesen et al. medRxiv 9 November 2021



COVID trajectories in 56m people

« Positive test

COVID-19 Mortality — Stratified by worst healthcare presentation

=~ Primary care diagnosis

-~ Hospitalisation <~ ICU admission == Critical care outside ICU

A) Wave 1 60
g Y —
2
£ 40
£
Q
£
£
2
=
g
£ 201
-}
(&)
0 .
0 7 14 21 28
; Time
Number at risk
Positive test - 62624 60997 60471 60263 60181
Primary care diagnosis - 94011 91295 89785 89018 88635
Hospitalisation - 83332 73570 67042 63424 61329
ICU admission - 10671 9520 8172 7340 6854
Critical care outside ICU - 5282 4056 3288 2948 2806
Cumulative number of events
Positive test- 624 1738 2197 2381 2453
Primary care diagnosis- 976 2993 4378 5067 5411
Hospitalisation- 640 11000 16934 20320 22222
ICU admission- 62 1402 2644 3425 3859
Critical care outside ICU- 49 1380 2053 2361 2490

B) Wave 2 60 -
g
2>
s 40
=
g
o
2
=
g
g 207
=
o
0 r
0 7 14 21 28
g Time
Number at risk
Positive test- 797707 794863 792813 791796 791352
Primary care diagnosis - 1845299 1842107 1837975 1835697 1834711
Hospitalisation - 194284 186022 173362 163575 157791
ICU admission- 23747 22620 20692 18296 16449
Critical care outside ICU- 15003 13214 10944 9411 8720
Cumulative number of events
Positive test- 1131 3178 5115 6003 6389
Primary care diagnosis- 390 3796 7779 9801 10679
Hospitalisation- 279 10077 22604 31731 37098
ICU admission- 54 1368 3385 5770 7519
Critical care outside ICU- 52 2130 4326 5725 6342

Thygesen et al. medRxiv (preprint) 9 November 2021




All diseases

across common-rare disease continuum
that leave a digital trace



Clinicians diaghose diseases and write it down
56 million people in England alive at 30 Jan 2020 (the day before
COVID case #1) and updated hospitalisations, currently 250

million
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|:| Ophthalmology - OPTH

Haematology Oncology - HAEMONCO [l Oral - ORAL

EI Orthopaedics - ORTHO

. Otolaryngology - ORL

B Paediatrics - PEAD

|:| Paediatric Cardiology - PAEDCARD
O Psychiatry - PSYCH

Prof Cathie Prof Spiros
Sudlow OBE Denaxas

O public Health - PUB

[0 Renal - REN

. Respiratory - RESP

. Rheumatology - RHEU

. Stroke Medicine - STRO

. Sexual Health - SEXU

[l Surgery-SUR

O urology - URO

. Vascular Surgery - VASCSUR




International
Statistical
Classification

of Diseases and
Related Health
Problems

It is the most widely used terminology
internationally in health systems, and
research (morbidity and mortality)

22 chapters (based on pathology, or
physiology or anatomy

12000 of 17 000 unique ICD-10 4 character
codes are used in practice

Hi fidelity across common and rare disease

abundance

International
Statistical
Classification

of Diseases and
Related Health
Problems

* Does not readily Classify diseases !

* 1 disease may have many leaf codes in same
chapter: clinical role in grouping e.g. Vanderbilt
PheCodes

* 1 disease may have codes ‘fragmented’ across
multiple chapters.

e 1 code can map to many diseases

* Does not distinguish disease from non —disease
codes (e.g abnormal tests)

* Does not readily engage Clinical Specialists
(who create data in first place)



| Allergy & Immunology

D-code: from ‘ICD chapter” to clinical specialty 5

Cardiac Preventative

| Dermatology
B endocrinolo
Chapter codes = ey
Chapter Gastroenterology
(3 CharacterS) B General Practice
O Genetic & Metabolomic Medici
A00-B99 Certain infectious and parasitic diseases u Gj:jelzologye aholomic Medicing
Cc00-D48 Neoplasms O
. ) Gynaecology Oncology
D50-D89 Diseases of the blood and blood-forming organs O Haematology
EO0-E90 Endocrine, nutritional and metabolic diseases O Haematology Oncology
FO0O-F99 Mental and behavioural disorders B Hepatology
G00-G99 Diseases of the nervous system LI infectious & Tropical
HOO-H59 Diseases of the eye and adnexa O IL\lvmphfllogv
H60-H95 Diseases of the ear and mastoid process O eonatoiogy
. . Neurology
I00-199 Diseases of the circulatory system O
00-399 Di fth . Neurosurgery
J iIseases of the respiratory system O Obstetrics
KO00-K93 Diseases of the digestive system B oncology
LO0-L99 Diseases of the skin and subcutaneous tissue O ophthalmology
MO0-M99 Diseases of the musculoskeletal system and connective tissue B orl
NOO-N99 Diseases of the genitourinary system g Orthopaedics
000-099 Pregnancy, childbirth and the puerperium = gto(;h':c?'aryngO'ogy
PO0-P96 Certain conditions originating in the perinatal period m Pjed:?atr;cs
Q00-Q99 Congenital malformations, deformations and chromosomal abnormalities o Pu{)“C Heilth
RO0-R99 Symptomes, signs and abnormal clinical and laboratory findings, not elsewhere O Renal
S00-T98 Injury, poisoning and certain other consequences of external causes B Respiratory
v01-Y98 External causes of morbidity and mortality B Rheumatology
z00-z99 Factors influencing health status and contact with health services Stroke Medicine
u00-U99 Codes for special purposes E Sexual Health
Surgery
B urology

Cardiology

Vascular Surgery



D-code: from ‘ICD chapter’ to clinical specialty

Oncologyl:I
Infectious Disease
Orthopaedics
Psychiatry
Dermatology
Surgery-
Endocrinology
Ophthalmology
Neurology
Cardiology.
Respiratory Medicine
Otolaryngology
Tropical Medicine
Haematology
Gynaecology
Rheumatology
Medical Virology
Urology
Renal Medicine
Gastroenterology.
Clinical Genetics
Oral Medicine.
Paediatrics
Stroke Medicine
Hepatobiliary

563
311
295
286
274
273
258
254
229
226
208

166

161

161
151

124
116
105
94
77
74
60
55
41
200 400 600

1049

800 1000

Number of unique D codes

From 12k 4 character ICD-10 codes

Using Vanderbilt PheCodes (1300
leaf codes), we are developing data
informed D codes: pre-beta
version.

5390 unique "Disease" type
phecodes

Of which
3244 are leaf codes

Of which
82 are "other specified"

Of which
43 offer specifications in rubric

1200



Prognostic Atlas & Map to therapeutic areas of top 10 pharma companies

Pre-competitive opportunities to sponsor knowledge generation / management, across conditions in a common
framework

100%

B Alimentary/
Metabolic

20% B Anticancer

Anti-infective

80%

B Antiparasitic
B Blood and Clotting

70%

60%

B Cardiovascular

.
I Dermatological

I
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B Genitourinary
(including sex
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D-code: clinical speciality ownership, authoring and review tools: ICD-10

@ Cardiac dysrhythmias (Cardiology-Electrophysiology

@ Paroxysmal tachycardia, unspecified (1) (cardiology-Electrophysiology
@ Paroxysmal supraventricular tachycardia (2) (orphanet 2 (€ardiology-Electrophysiology) +¢
o Paroxysmal ventricular tachycardia (2) (orphanet 2 (Cardiology-Electrophysiology B +¢

@ Atrial fibrillation and flutter (4)  orphanet 1 ((Cardiology-Electrophysiology
@ Atrial fibrillation (Cardiology-Electrophysiology B ¢
@ Atrial flutter (Cardiology-Electrophysiology’ +#
@ Paroxysmal atrial fibrillation (1) (cardiology-Electrophysiology) ¢

@ Other specified cardiac dysrhythmias (2) (Cardiology-Electrophysiology
@ Other specified cardiac arrhythmias (1) (orphanet 4 (Cardiology-Electrophysiology’ +¢

ICD-10 ICD Label ICD rubric N people with
Code Code
I49.8 Other specified Brugada 59,483

cardiac arrhythmias
syndrome

Long QT
syndrome
Rhythm
disorder:
coronary sinus,

ectopic, nodal

OrphaCode  Orphanet Label Map type

8022 Brugada Syndrome Exact

10671 Torsade-de-pointes syndrome with short Narrow-Broad
coupling interval

10670 Familial short QT syndrome Narrow-Broad

28037 GNB5-related intellectual disability-cardiac ~ Narrow-Broad

arrhythmia syndrome

Prof Spiros
BENEVEN



Importance of growing use of SNOMED C

The global
language of
healthcare

‘Common language’ across primary and secondary and tertiary care

Semantic

Higher clinical resolution, with >300k terms

So may add considerable value in building a reference catalogue of disease, and
prognostic atlas

.................................. but similar need for Clinical Speciality engagement



D-code clinical speciality ownership, authoring and review: SNOMED-CT

Key to buttons for each concept

Expand Show descendants of this concept
Contract Hide descendants of this concept
? Mark as unsure (to check)

Add a concept

BJ Remove a concept

=3 Add a concept and all descendants

B Remove a concept and all descendants

Reviewing tools

Show top-level concepts only  Show all concepts

Mark all concepts as "checked" | Mark all concepts as "unchecked" [JES]q[e)\A]q[el=Te1 (=To Melo]glel=T o] X e1s])

Export to [Heart failure hierarchy ] .CSV

Expand SNOMED CT concept
Contract - Heart failure with reduced ejection fraction (disorder)
Heart failure with reduced ejection fraction due to cardiomyopathy (disorder)
Heart failure with reduced ejection fraction due to coronary artery disease (disorder)
Heart failure with reduced ejection fraction due to heart valve disease (disorder)
Heart failure with reduced ejection fraction due to myocarditis (disorder)
High output heart failure (disorder)

Add

Add...

Dr Anoop Shah

Comment Checked Included

Y » AEEIR
» Il
» Il
> 0l
» 0l
Il

< < < =< <



D-code: operationalising the ‘treatable diseasome’

* |s the disease the subject of an evidence based clinical practice guideline?
Or

* |s the disease treated with an orphan medication approved by FDA, EMA, MHRA?

~700 distinct diseases



D-code > draft a clinically useful reference catalogue of
disease (to help answer question: what do doctors do, what do hospitals do?)

Raw ICD-10 D-Code annotation in the light of all data
22 Chapters: heterogeneous >> 45 clinical specialities, with review tools
12k Leaf codes used: heterogeneous >>~3 000 disease ‘leaf’ codes for clinician review, with

data for QC and engagement. If and where relative
abundance makes sense, what are speciality
driven priority uses?

>> Clinical prioritisation of ~700 diseases
mapping to clinical practice guideline or

An approved orphan medication



Prognostic atlas: identifying and connecting underpinning elements

International @ Q 0 0
Statistical rﬂ .;\
Classification
Sl ' b
Froblems ‘ . T
GuidelineCentral , Sy
Diseases Data Doctors Guideline generating Charities

bodies

Dr Arturo Muhammad Dr Evaleen Natalie Dr Serina John Izzie
Gonzalez-Izquierdo Qummer ul Arfeen Malgapo Fitzpatrick Hayes Dinnewell Harvey



Vascular Surgery .

[ Attergy & immunology

p— . [:l Cardiac Electrophysiology
D Cardiac Paediatrics
Surgery ]
. Cardiac Preventative
Sexual Health []
Stroke Medicine [

[l cardiology

Rheumatology .

. Dermatology
Respiratory .

(T

. Endocrinology

Renal I /

\
Public Health [T \\ I| I if

. Gastroenterclogy

Psychiatry .

" n "—_!_F
Clinical f:__———-'l [ General Practice
" Specialities = ]
Paediatrics [} h

,—/A'H”/:ﬁ

Otorhinolaryngology [

Orthopaedics D

. Gynaecology

oral ]

|:| Gynaecology Oncology
Ophthalmology D

Oncology [

D Haematology

[:I Haematology Oncology
Obstetrics ]
Hepatology
Neurosurgery [ ]
D Infectious & Tropical
Neurology .

[] Neonatology




L]
Treata b I e D I se a so m Vascular Surgery AAA, AVM, CarSte, Meslsc, PopAne, RAS, . Allergy & Immunclegy AlRhi, Anapha, Angoed, CVID, EosOes, FooAll,
SAS, TOS, TxAysm, WV RhiSin_ SCID_SkiAll, XLA

Cardiac Electrophysiclogy AF, AVE-1, AVE-2, AVE-3, LBEB, LQTS, SND,
Urology BPH, CalcRe, ED, Hydroc, IntCys, NmBlad, ObUrop, SVT TriFas, VF-VT. WPW

Peyron, Protis, RPF, Varico Cardiac Paediatrics ASD, Coarct, ConAoR, CoPuSt, HLHS/MasPol, PDA,
PDA, TetFal, TrunArt, VSD

Cardiac Preventative DysBet, FaCoHy, FmTri, FCS, FH, LPLDef, PremCo,
PremMI, SCAD
. Cardiology AS ACS, CAD, DCM, HCM, HF, IscCar, MI, MitSte, PPH
Dermatology AV, BCC, Eczema, LicPlan, Pegoid, Pemgus, Urtica, VienUlc, Vitili,
Zoster
Endocrinology CAH, Cushin, DMMono, DMNeur, DMOpht, DMPoly, HypoTh,
- . HypPTH, LipDys, Lipody, PAIL, T1D, ThyTox
/

s
4

Surgery AnaFis, AnoFis, BenBrea, FemHer, HaeRoi, IngHer, .
Phimmos, PilSin, ProAnu, UDT

Sexual Health BagVag, Chlamy, GenHer, Gonorr, HIV, HPV, l:‘
LGV, MycGen, Public, Syphil, Tricho

Stroke Medicine CerAmy, CerAne, CerArt, HeStro, ICH, IS, .
LacStr, PFO, SAH, SDH. TIA

Rheumatolegy AnkSpo, GCA, Gout, JuvArt, OA, OF, PMR, .
PsorAr, RA. Raynau, ReacAr, Sjogre, SLE

Respiratory Ashbest, Brecht, CysFib, DVT, IPF, Mesoth, PE, .
FTB, Sarcpo, SponPn

Renal Aplana, CKD, CKD, CKD, CKD2, Dialns, IgANep,
lgAVas, KidCys, LupNep, Nhrotic, PCK, PyeMep, RTA, SolKid, I:l
Wegene

GalSto, GasUlc, GERD

by . Gastroenterology AngCol, AP, Barret, ChPanc, Chron, Coelia, Divert, DuoUlc,
1
/'A‘

Public Health Refuge, AirPol, Homles, InaHou, IVDU, .
LivAle, PhyAbu. Povert Prison. Prosti, SexAu, Unempl

General Practice Anxist, Asthma, COPD, Deppress, HT, HypCho, LEP,

Psychiatry ADHA, Alcoho, Autism, Bipola, Cannab, Cocain,
. LeaDis, Obesit, T2D

Eating, IntDis. OCD, Opiods, Panic, PerDis, PTSD, Schizo

ﬁ?‘l:ft‘agac\f gﬁriﬂ{ _C]?\I,E.'l"e‘t Galact, Lacint, LysoSt, Neurob, La: o Genetic & Metabolic Medicine AIP, Albini, Angelm, DownSy, Ehlers, Fabry,
1AST, . mnabiy, VWilms . '-,;—4-" | FragiX, Galact, GCDH, GlySto, Homocy, LysSto, Marfan, OrmCar,PKU, Fompe,
o ~ , D TaySachs, Turner, UreaCy

Otorhinolaryngology AcoMeu, BFFY, ChSinu, COM, . /
Hearin. HyTurb. Menier, MasPol. OSA, OtoScl \f/

Orthopaedics Collig, CTS. Ligkne, Menkne, OA-Hip, OA- I:I 4 /-"a

Knee, Paget, ProllD, Scolio, Spolis, SpSten e i
Oral Amyloi, Caries, ChPeri, CleLip, ClePal, Denlmp, Kawasa..
OrCand, ParCal, Peutz

. Gynaecology CystOv, EndHyp, endome, Fibroi, GenHer, IncolUr, PCOS, PID,
ProlPe, Vagini

D Gynaecology Oncology BreaCa, CaCerv, CaCvar, CxCI3, EndoCa, VulvCa

Ophthalmology AMD, Behcet, Catara, Glauco, Kerato, D
LHONM, PosUve, RetAOc, RP
Oncology CaBlad, CaBone, CaBrai, CaGall, Cakapo, Cakidn,
Calive, Calung, CaMela, CaOeso, CaOeso, Caleso,
CaQeso, CaPanc, CaPeni, CaPros. CaTest. CaThyr

Haematology AlThal, AplAna, AplAna, Asplen, AuHaAm, B12def, BeThal,
FolAna, HaeChr, HaePhi, IDA, ITP, SCA, von'Will

Haematology Oncology ALL, AML, CIL, CML, Hodgki, MDS, MGUS, MM,
NHL, PRV

Obstetrics Felnfer, GDM, HypGrav, PIH, PlacPr, PreDV, D
PreEcl, RecMis, RuePsy, PlacAb

Neurosurgery AraCys, CubTun, DiaMye, MenOma,Perher, |:|
SpiAVF, SpiAVM, SpiBif, TarTun, TriNeu
Neurclogy AutMeu, BellPa, CluHea, CPM, DemAlx, DemFTD,
DemLew, DemVas, EpiGen, EpiMyo, EpiPet, Epiple, EsTrem, .
Fdysau, FSMD, GuiBar, HeAtax, HeMoSe, Huntin, [IH, INPH,
I0H, MG, MitMyo, MND, MS, MSA-CBM, MSA-F, Myoclo,
MyoDys, NF, Parkin, PSNP. SMA, TriMye, TubScl

Hepatology A1TD, AlH, ALD, ChHEV, ChHCV, Cirrho, LivFai, NAFLD, PEC,
PSC. Wilson
I:l Infectious & Tropical Bilharzia, Chagas, COVID, Echino, FalMal, Leishm,
Lepros, Lyme, NeuCys, OthMal, Tracho, TryAr, Weil

Meonatology CHPS. Hirsch, HySpad. IDM, NEC, neojau, Omphal, PPHT,
RDS, TOF




Vascular Surgery 183.0 & 183.2, G54.0, 1771, 170.1, Q28.2 &

Data Q28.0, 1713 & I71.4,165.2, [71.1 & [T1.2 & IT1.5 & 716, I72.4,
K55.1

Allergy & Immunology D80.0, D21.0 & D81,1 & D&1,2, D83, J31.0, K20, L23

&1L24 & 125 T78.1, T78.2, T78.3 J30 (all)
Cardiac Electrophysiology 1456, 1472 & 149.0, 1471, 1495, 1498 1447,

Urology K66.2, F52.2 & N48.4, N40 (all), 186.1, N20 (all), N41
(all), N48.6, N13 (all), N30.1, N31 (all), N43 (all) I]:[l

Surgery K40 (all), K41 (all), K60 (all), K60.5, K22 & K62 3, .
K64 (all), L05.0, @52, D24, N47

Sexual Health N76.0, A56 (all), AGD.0 & ABD.1 & AGD.9, A54.0 & A54.1 & A54.2, A4D.3, 0
B20-24, A63.0, A55, B85.3, A50.0 & A51 & A52 & A53 & 25 in other chapters, A59.0
Stroke Medicine G45 (all), 162.0, 160, Q21.1, 163 (all), 161 (all),
167150283, 16751677 81681 21552, 162.0,G45.54
G466
Rheumatolegy M32 (all), M05 (all) & M0 (all), M35.3, M30 (ALL) & M81
(all) & M82 (all), M15.9 & M19.9, M31.6 & M31.5, M08.2, 173.0, M0Z (all)
&% MO3 (all), MOT.0 & MO0T7.1 & MO7.2 & M07.3 & L40.5_M10, M35.0, M45

Respiratory A15 (all) & A16 (all), 126, J84.1,180.1 &180.2 & .
180.3, C45, J93.0 & J93.1, D36 (all), E34 (all), J47, J&1

Renal N25.8, Q61.1 & 061.2 &Q61.3, N18.2, N18.1. N18.3,
N18.4, D69.0, E23.2, M3,0, M31,3, N02.8, N04 (see NOD
for subdrivisions), N08.5. N10, N28.1, Q60.0

Public Health 710.8 & Z60.9, Z58.1, Z259.0, F11 (?), £76.2,
T741, 75058 7506 & 7597 & 759.8 & 7590, 7028 &

Z108 & 7651 & 76562 7108 T74.2 7560

Psychiatry F43.1, F42 (all), F90.0, F10 (all), F11 (all), F12
(all), F14 (all), F20 (all), F31 (all) & F30 (all), F41.0, F50 (all), . I
[ o

Oncology C15 (all), C16 (all), C18 (all}, C20 (all), C22 (all), C23

F60.3 F70-F79, F24 (all)
/ 3
/v’
(all), C25 (all), C34 (all), C40 (all} & C41 (all), C43 (all), C46 (all),

Ca0 (all), C61 (all), C62 (all), Ca4 (all), CE7T (all), CT1 (all), C73 (all)

Obstetrics 013, 024, F53.1, NG, N7 (all), 014 (all), 021, D

022.3, 044 045 (all)
Neurosurgery D32.9, G50.0, G56.2, G57.5, G93.0 & Q04.6, l:‘
Q05 (all), Q06.2, 0238 5841 Q27.3

I £

O /~
/ e,

Paediatrics C71.9, E73 (all), G80 (all), Q44.2, C49.9, CH4,

C74.9, ET4.2, ET6 (all), Q64 .2 .
Otorhinolaryngology G47.3, HG5.2 & H65.3 &HG5.4 &
HB5.9, H81.1, D33.3, HBO0 (all), H81.0, HY1 (all) & HI0 (all),
J32 (all), J33.0 & J33.9, J34.3 .

Orthopaedics M17 (all), M16 (all), G56.0, m51.0 & M51.1 &
M51.2 & M51.3, M88 (all), 583.2 & S83.3, $83.4, S83.5, M41
(all), M43.1, M42.0 O

Oral B37.0, E85 (all), KD0.5, K02 (all),K05.3, K11.5, M30.3 & o
U10.9, Q36, 037, Q5.8
Ophthalmology H35.5, H47.2, H35.3, H18.6, H25 (all) & H26
(all), H40 (all) & H42 (all), M35.2 &N77.8, H30 (all) H34.0 & [
H34.1 & H34.2

Neurology G12.0 & G121 & G128 & G129, G231, Q85.0,
G23.2, G23.3, G35, G12.2, GT0, G23.8, G91.2, G93.2, GV1.0, .
G37.2, G90.1, FO1, G10, G11 (all), G25.2, G30 (all) & FOO (all).
GI.0EF02.0, G31,8* F02.8, G373, G403 2 G40.4, G406 &
G40.9, G40.7, G44.0, G60 (all), G61.0, G71.1, G71.3, G90.0,
G85.1, G20, G25.0, G40.0 & G40.1 & g40.2, G51.0

D 1442 1441 1440, 148 (all) 1453
Cardiac Paediatrics Q21.0, Q25.0, Q21.2, Q25.1, Q20.0, Q20.0, Q21.3,

023.1, G234, Q25.6

Cardiac Preventative E78.2, E78.2, ET8.1, E78.3, 125.0 & 125.1 & 125.8 &125.9
before age 50 years, 121 (all) & 122 (all) & 125.2 & 123 (all) & 124_1 before age 50,
E78.3. E78.0.1254
Cardiology 127.0, 121 (all) & 122 (all) & 125.2 & 123 (all) & 124.1, 150 (all) & 109.9
& 111 & 0113,0,142.1 & 142.2,142.0, 125.0 & 125.1 & 125.8 &125.9, 135.0 & 135.2,
120.0,125.5, 105.0 & 105.2 & 134.2
Dermatology C44.9, L70.0, B02.9, 183.0 & 183.2, L10 (all), 12 (all), L20.8 &
L20.9, L43 (all), L50 (all), L80
Endocrinology E10 (all), E27.1 & E27.2, E25.0, E03.9, EO05 (all), E24 (all),
E88.1, G32.2 (Note E10.4, E11.4, E13.4, E14.4), G59.0 (Note E10.4, E11.4,
q E13.4, E14.4), E21 (all), G99.0 (Note E10.4, E11.4, E13.40, E14.4), H36.0
—Ir 8~ . (E10.3, E11.4, E14.3, E13.4), L3881
[ /. >

Gastroenterology K21 (all), K85 (all), K25 (all), K26 (all), K86.0 & K8&6.1,

International b .
Statistical X K221 & K22.7, K50 & MO07 4, K552, K57 (all), K80, K90.0
Classification g’
of Diseases and e
Related = B General Practice E11 (all), M24.5, 110, J44, ET8.0, F32 (all), F41.1 & F41.9,
Problems — F81.9, E66 (all), J45 (all)
e — —JI Genetic & Metabolic Medicine Q79.6, Q87.4, Q90.2 & Q90.9 & H19.8,
- 7 Q935 Q099.2 ET70.3, ET2.2, ET2,2, ET4.0, Q96 (all), ET0.3, ET4.2, ET2.2,
H"-jr' E76 (all), EB0.2, ET5.2 & NO& 4*
% & G328 E723, ET0.0 & E70.1, E74.0 &143.1* E75.0, E72.4 E72.2
W,

m Gynaecology N70 (all) & N73 (all) & N74 (all), E28.2, AGD (all), D25, N76.1 &
N77, N§1 (all), N83.2, R32 & N39.3, N39.4 NS0 (all), N85.0 & N85.1

|:| Gynaecology Oncology DOS (all), C51, C50 (all), C53 (all), C54.1, C56

Haematology D57.0 & D57.1, D69.3, D50, D51, D56.0. 056.1, D58.1, DGO,
D61.0. D66, DBS.0, E83.1 & M14.5 D52 D73 & Q89.0

Haematology Oncology D45, C85, C90.0, D47.2, D46 (all) & C92.2, CO1.1,
C92.0. C91.0, C81 (all)

Hepatology K83.0, K74.3, K76.0, B18.2, B18.0 & B18.1, K70 (all), K75.4,
E88.0. ES3.0. K70.3 & K74 (all), KT0.4 & K71.1 & K72 (all)
Infectious & Tropical B57, B67 (all), B50 (all), B55 (all), A30, B65 (all),
OJ U07.1, A9.2, A27.0, B69 (all), B51 & B2 & B53, A1 (all), B56 (all)

l:l Neonatology Q39.1 & Q39.2, P22.0 & P22.8 & P22.9, P29.3. PTT & AD4.7,
F70.2, Q40.0, P59, Q54 (all), @79.3 & Q79.2 & Q43.1




G u id e I i n e ge n e rati ng Vascular Surgery ACC, AHA, ESC, ESVS, NICE, svS Il
bOd ies Urology AUA, NICE, SUFU .

Surgery AGA, AHS, ASCRS, EASL, EHS, ESCP, NICE .

Sexual Health ABCD, ABCD, ABCD, ABCD

Stroke Medicine AHA, ASA, ESO, NICE .

Rheumatology ACR, Arthritis Foundation, ESVM, EULAR,
NICE, NOF, NPF, SPARTAN -

Respiratory AAAAI, ACP, ALAT, ASH, ATS, CHEST, ERS, .
ESC, JRS, NHLBI-NIH, NICE

Renal KDIGO, NICE D

Public Health ABCD, ABCD, ABCD, ABCD .

—

Otorhinolaryngology AAQ-HNS, AASM, EPOS, NICE, . /
VA/DoD

Psychiatry APA, EPA NICE .

Paediatrics ABCD, ABCD, ABCD, ABCD .

Orthopaedics ACP, BESS, BOA, IPM, LSS Consensus

Group. NASS, NHS Plus, NICE, RCP.RCS 0
Oral ABCD, ABCD, ABCD, ABCD =]
Ophthalmology AAO, NICE  []

Oncology AAGL, AAP, AASLD, ACOG, AGA, ASCCP, ASCO, ASCRS, ASTRO, ATA, AUA, CCO,
DTRF, EANO, EASL, EHA, EHNS, ELN, EMAS, EORTC, ERN EURACAN, ERN PeadCan,
ESGO, ESMO, ESP, ESTRO, EURACAN, MSTF, NCCN, NICE, SPAEN, STBSG, SUO .

Obstetrics ABCD, ABCD, ABCD, ABCD

Neurosurgery ABCD, ABCD, ABCD, ABCD D

Neurology AAN, AAO-HNS, EFNS, EHF, EULAR, MDS-ES,

NICE -

Allergy & Immunology AAAI, AGA, BSACI, BSI, EAACI, EBMT, ESID,
ESPGHAN, EUREOS, NICE, UEG, UK PIN, US HAEA, WAQ

A

L

GuidelineCentral

I:l Cardiac Electrophysiology ACC, AHA, EACTS, ESC, HRS, NICE

D Cardiac Paediatrics AATS, ACC, ACCF, ACR, AHA, ASA, SCA, SCAI SIR.
STS. SVM. ESC

- Cardiac Preventative ABCD, ABCD, ABCD, ABCD

Cardiology AAPA, AATS, ABC, ACC, ACCF, ACP, ACPM, ACR, AGS, AHA,
APhA, ASA, ASH, ASPC, CHEST, EACTS, ERC, ESC, ESH, HFSA, HRS,
. NICE, NMA, PCNA, SCA, SCAI, SIR, STS,;SVM

Dermatology AAD, BAD, CHSF, EADV, EDF, HSF, National Rosacea Society,
NICE

Endocrinology AACE, AAES, AAO, ACE, ADA, EASD,EASO Endocrine
. Society, ESC, European Society for the Study of Diabetes, ICO, NICE

. Gastroenterology AASLD, ACG, AGA, ASCRS, EAACI, EASL, ECCO, ESGAR,
ESPGHAN, EUREOS, NICE. UEG

General Practice AACE, AAPA, ABC, ACC, ACE, ACP, ACPM, AGS, AHA,
APhA, ASH, ASPC, ATS, CHEST, EASD, EASO, ES, ESC, ESH, ERS, NICE,
NIH NHLBI. NMA, PCNA

—

\7\ Genetic & Metabolic Medicine ABCD, ABCD, ABCD, ABCD

N

B Gynaecology ASRM, ESHRE, NICE

[] Gynaecology Oncology ABCD, ABCD, ABCD, ABCD

D Haematology AAAAI, ECCO, EMN, ERN-RITA, ESID, FARF, KDIGO, NICE

Haematology Oncology ASCO, CCO, EHA, ESMO, European LeukemiaNet,
NCCN, NICE,

Hepatology AASLD, AGA, EASD, EASL, EASO, IDSA, NICE

[] nfectious & Tropical ABCD, ABCD, ABCD, ABCD

[] Neonatology ABCD, ABCD, ABCD, ABCD




N a m Ed d octo rs’ Vascular Surgery Agu, Brookes . . Allergy & Immunology Berkovitz, Kariyawasam, Lukawska, Makatsori

Urology Alifrangis, Allen, Alnajjar, Andrich, Arumuham, . [:I Cardiac Electrophysiology Lambiase, Segal

t h ei r S peCia I ity e D Cardiac Paediatrics Smith, Patel, Mizra

Surgery Abdel-Aziz, Adamo, Agu, Allibone, Anand, Andrews,
JAvasthi, Bassi, Bhakhr, Black, Cohen, Crosbie, Halighan I

a n d (Ofte n ) t h e rr Sexual Health Smith, Patel, Mizra |:|

S u b-s u b Stroke Medicine Adams, \Werring .
[ ] [ ]
S pec I a I Ity Rheumatology Ciurtin, Ehrenstein, lsenberg .
Respiratory Abdullah, Bidder, Brown . .
af I|
N\
Renal Davenport, Kleta, Wheeler |:| N I.

Cardiac Preventative Astin, Bhattacharyya, Elliot, Lumbers, Patel, Speechly-
Dick

Cardiology Astin, Banerjee, Bertoja, Bhattacharyya, Bomanji, Elliot, Lumbers,
Patel, Speechly-Dick

. Dermatology Bakkour, Bunker, Hodgson

. Endocrinology Abdel-Aziz, Baldeweg

Gastroenterology Adamo, Bloom, Bridgewater, Kiparissi, Movelli, Ockrim,
Taylor

Public Health Smith, Patel, Mizra . _,m.\\
N““w
Psychiatry Bl field | General Practice Al-Quarainy, Ashroff Ali, Baldeweq, Batterham, Bellingan,
Sychiatry Sloomiie . B . Bisset, Bonnici, Booth, Brealey, Burdett, Burke, Roy, Williams

Paediatrics Ackwerth, Ashley, Baki, Barnett, Begent, Butler, \

R —
Simeoni ] //"r'f"'

-
e

D Genetic & Metabolic Medicine Smith, Patel, Mizra

Otorhinolaryngology Agrup, Eriksson .

L,/
/

|
|
II
Tl | e |1
Oral Acharya, Birchall .
Ophthalmology Acheson, Amin, Bremner D
Oncology Abbasi, Abdullah, Ahmed, Ali, Alifrangis, Allen, Alnajjar, Amin, Ardeshna, Aroroa, Aston,
Bandula, Banks, Barrett, Beal, Blackman, Bomanji, Borg, Dwivedi, Emberton, Hallighan, .
Hochhauser, Kelly, Lee, Meyer, Mulholland, Pereira, Perrett, Ramachandran
Obstetrics Attilakos, Bel [

Orthopaedics Allibone, Ciurtin, Prezerkos D . Gynaecology Aslam, Bottomly, Creighton, Cutner, Siassakos

|:| Gynaecology Oncology Kristeleit. Menon, Rosenthal, Roylance

D Haematology Eleftheriou, Trompeter

[:I Haematology Oncology Ardeshna, Gupta, Lambert, Linch, Yong

Neurosurgery Adedugbe, Akram, Allibone, Appleby, Bapat, Hepatology Jalan, Pereira, Tsochatzis
Bird, Bradford, Brownstone |:]
Neurology Adedugbe, Amin, Bahra, Balesirimi, Bamiou, Bampoe, I:l Infectious & Tropical Bailey, Brown

Baranowski, Bhatia, Bisdas, Brandner, Bronstein, Brownlee, Chataway, .
Duncan. Farmer, Howard, Mehta, Rossor, Sidle

|:| Neonatology Smith, Patel, Mizra




Patient organisations, charities
Ofte n d isea Se S pec ifi olascular Surgery HEART UK*, The Aortic Cenire Trust, . . Allergy & Immunology Allergy UK, Anaphylaxis Campaign, NARF*, Action

Thrombosis UK, Beat SCAD Against Allergy

Cardiac Electrophysiology Arrhythmia Alliance, Daniel Bagshaw Memorial
Urology ERIC*, Pelican Cancer Foundation, Fight Eladder . Trust, SADS UK*, Heart Link

Cancer, Bladder Health UK Cardiac Paediatrics The Children's Heart Surgery Fund, CHUF*, Little

Hearts Matter, Save a Child's Heart,

Surgery Horder Healthcare, The Smile Train UK, Operation .
Smile UK, Children's Heart Surgery Fund Cardiac Preventative Hand on Hear, Heart Valve Voice,
Sexual Health Marie Stopes International, The Terrence ] [[] Hearts Togsther, The Preventative Cardiology Trust
Higgins Trust, Brook Young People, Meiro Cenire
Cardiology BHF*, Cardiac Risk in the Young, The Dinosaur Trust, Pumping
Stroke Medicine Stroke Association, Paces Sheffield, The Marvellous Foundation
Brain Charity, Headway - Brain Injury Charity .
Rheumatology Versus Arthritis, Scleroderma and Raynaud's Dermatology British Skin Foundation, The Psoriasis Association, Caring
United Kingdom, Vasculitis UK, LUPUS UK [ | Matters Now, Melanoma UK
Respiratory Asthma UK and British Lung Foundation, CF
Trust*, North West Lung Centre, Asthma Relief . 1 Endocrinology The British Diabetic Association, JORF*, Bite Back 2030,
- T || } .'" ~ Paula Carr Charitable Trust
|

Renal The Renal Association, National Kidney A \'\ | | f
Federation, Kidney Wales Charity, Kidneys for Life I:l Nvb S
¢ . Gastroenterology Bowel Cancer UK, Crohn's and Colitis UK, Guis UK Charity,
Public Health Turning Point, Parinership Support Group, . h/\ 0o 0° 0 0 yd The IBS Nefwork®
Choice Support, The Health Foundation / \\ e 0 L
N L\ 0 0 V. i\
Psychiatry Mind, Rethink Mental lliness, Mental Health [~ (4 N/ - _I| General Practice Nuffield Health, Cancer Research UK, Royal Mencap
Matters, Campaign Against Living Miserably O o e N|® 9 = — ] Society, Marie Curie
B ol\le” e ]

Paediatrics Great Ormond Street Hospital, Family Fund \ e
Trust, Young Lives vs Cancer, Children's Trust . ,__/_/4-:#’*

o

4 Genetic & Metabolic Medicine Gene People, Genetic Alliance UK, Down
- [ D Syndrome International, The CF Holiday Fund*

Gynaecology MS| Reproductive Choices®, The Lady Garden Foundation,
. Endometriosis UK, Verity Charity

Gynaecology Oncology Target Ovarian Cancer, Ovarian Cancer Action, Jo's
I:l Cervical Cancer Trust, The Eve Appeal

Haematology Candlelighters Trust, Coeliac UK, The Sussex Beacon, IPO for
Primary Immunodeficiencies®

A\
Otorhinolaryngology The Ear Foundation, The Ewing
Foundation, Hope2Sleep Charity, Sleep Apnoea Trust . /\
7] WJ'*’II 7|F’T-ﬁ;’ a
Orthopaedics Ruskin Mill Trust Limited, Morth East Autism D f,.' | |
Society, Autism Together, ASPIRE Charity* ~_J J| | \;
Oral Henry Children’s Charity, Oral Health Foundation, Healtn.
Action Local Engagement, Dentaid Limited
Ophthalmology SeeAbility, Mooriields Eye Charity, Vision for D
a Mation, Childhood Eye Cancer Trust
Oncology Cancer Research UK, Macmillan Cancer Support, .
Breast Cancer Now, Prostate Cancer UK

Obstetrics Tommy's, Wellbeing of Women, The Prompt D
Maternity Foundation, Tiny Tickers Limited Hepatology British Liver Trust, Children's Liver Disease Foundation, PLANETS
Neurosurgery The Brain Tumour Charity, Headway, Cerebra, D Cancer, The Liver Group Charity
The Walton Centre Charity I:l Infectious & Tropical Frontline AIDS, The Elton John AIDS Foundation, The
Terrence Higqgins Trust. Metro Centre Ltd

Haematology Oncology Anthony Molan, Eleod Cancer UK (Bloodwise),
DEMS Foundation®, Leukaemia Care

Neurology Alzheimer's Society, Parkinson's Disease Society
UK, Scope, Multiple Sclerosis Society .

I:‘ Neonatology The Mational Childbirth Trust, Bliss, Stillbirth and Neonatal
Death Society, Tiny Lives Trust
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Small subset of conditions and specialities for display purposes Dr Alvina
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36 000 people in England

Prevalence 6.4 per 10 000 (exceeding

B 1 year all cause mortality in each condition

B Prevalence (per 10,000 individuals)

@ Mean age of condition
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Secondary cancer (Pleura) -
. . Secondary cancer (Bone) -
C FosSs S p ecCcla I | ty Myelodysplastic syndromes et 82 CARD @) | CARD (10) | CARD 29
Secondary cancer (Liver) - | e |
1 1 . Secondary cancer (Brain) - (199
M u Itl m O rb I d Ity * Benign neoplasm of stomach and duodenum - (8) | () | cAST@6) | GAST(48) |  GASTW9)
Primary cancer (Liver) - )
Exa m p I e Of Secondary canch (Peritoaeum; -
Secondary cancer (Lymph nodes) - L@ | @
common cancers Secondary cancer (Lung) -
Primary cancer (Prostate) 1 Clinical specialties
Primary cancer (Lung) - @ | ® | cARD@S)
Primary cancer (Stomach) - © | @ . CARD
Primary cancer (Oesophagus) - oasTie) | aaste) | @ | @ | @9
Secondary cancer (Other organs) - =X . PERM
Primary cancer (Multiple myeloma) (182) | NEPH (82) [ e | . ENDO
. Primary cancer (Kidney) - (eo) | NEPHE) | @ | @ | @ . GAST
Benign neoplasm of colon, rectum, anus and anal canal
Primary cancer (Bladder) 4 © | @ | _® | (19 | CARDERy . GENSUR
Polycythaemia vera - [ oo BEON @2 | © | @5 |
Primary cancer (Colorectal) [ @2 | . GYN
Primary cancer (Brain) - HAEM
Primary cancer (Pancreas) - @) | o | @) | ® | @ HEPA
Primary cancer (Biliary tract) - @ | ¢« o] ©9 ey
Primary cancer (Uterus) - - NEPH
Primary cancer (Ovary) - NEUR
Primary cancer (Leukaemia) - @ @ e
Benign neoplasm and polyp of uterus - @ ¢ | @ | @ ONCO
Fibromatoses - (90| @) | (8| © | @5 —
Benign neoplasm of ovary
Leiomyoma of uterus - - ORL
Benign neoplasm of brain and other parts of central nervous system - ORTHO
Primary cancer (Hodgkin's lymphoma)
Primary cancer (Non-Hodgkin's lymphoma) ® | (5 . PSYCH
Primary cancer (Oropharynx) - RESP
Primary cancer (Cervix)
Primary cancer (Breast) . RHEU
Primary cancer (Melanoma) - . STRO
Haemangioma, any site -
Carcinoma in situ cervical - . URO
Primary cancer (Thyroid) A
Primary cancer (Bone) - | VASC
Primary cancer (Testis) -
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HR from 1 year any cause mortality of covid19 by phecode {23% CI)

16

Phecode N deaths N cases N % covid19 | HR Crude
Phecode covidl9 (95% ClI) Prevalence

(10°9)

Embolismand | 354 2533 300 11.8 1.97 44,74

thrombosis of (1.47-2.65)

renal vein ' .

Intracerebral 441 2441 272 11.14 1.98 43.12

haemorrhage (1.51-2.60)

in brain stem ' '

Embolismand | 1044 6470 733 11.32 2.05 114.29

thrombosis of (1.72-2.45)

vena cava ’ '

HR (95%CI) adjusted by Age, Sex and Ethnicity
143 phecodes with N covid cases >100 (illustration purpose)




Frequency map of disease: cardiology

Prevalence N patients in NHS Example diseases
1in10 5000 000 Hypertension
atrial fibrillation

1in 100 500 000 Aortic stenosis
‘Common’ Endocarditis
1in 1000 50 000 Primary pulmonary hypertension

Hypertrophic cardiomyopathy

5 per 10 000 threshold -~ B R -
11in 10 000 5000 Endocardial myofibroelastosis

Takayasu's disease

1in 100 000 500 Ruptured papillary muscle
‘Rare’ Kyphoscoliotic heart disease
1in 1 000 000 50 Endomyocardial eosinophilia

Candidal endocarditis

Dr Ana
Torralbo



Usefulness of existing prognostic models:

from literature, one disease at a time

Available for <5% of diseases

Proliferate for some diseases e.g. >50 for heart failure

Clinical practice guidelines rarely engage in prognosis, prognostic models
* In practice clinicians commonly report being ‘in the dark’

* Opportunity for engineered prognostic models across diseasome of common form
* Near term: Age, index condition, co-existing conditions

* Longer term: incremental prognostic value (for a given purpose) of molecular and other
information



ldentifying Drug Targets and Disease Mediators

RESEARCH ARTICLE SUMMARY

Mapping the proteo-genomic convergence
of human diseases

Maik Pietznert, Eleanor Wheelert, Julia Carrasco-Zanini, Adrian Cortes, Mine Koprulu,

Maria A. Worheide, Erin Oerton, James Cook, Isobel D. Stewart, Nicola D. Kerrison, Jian’an Luan,

Johannes Raffler, Matthias Arnold, Wiebke Arit, Stephen O’Rahilly, Gabi Kastenmiiller,

Eric R. Gamazon, Aroon D. Hingorani, Robert A. Scott, Nicholas J. Wareham, Claudia Langenberg*

[ 1,859 connections J

) Prostasin |
PN S

Alzheimer's

Hermas

412 protein targets and
506 curated phenotypes

Harmonization across EHR
resources in the UK Biobank

\
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Langenberg

Proteo- genomlc map of ° Fat mass - .........
human health ],:: Carpal tunﬁsyndrome
WWW omncsmence org

» ¢
T’Eﬁai" og <0
S ce?
a
L) .DD

1073 1074 10"5

Number of cases
1072

ge e
% o 7 e o
o a
¥ <o go.00e

10M

Pietzner et al. Science 2021



Potential uses of atlas, driven by patients and
specialists

* ‘How has the pandemic affected my chances of survival’

* Need for health systems to embed ‘Canaries in the mine’

e Shared decision making

 Clinical audit / quality of care / quality of data ‘Keogh principle’

* Trial feasibility and design

* ...........ingenuity



Conclusion

A prognostic atlas across clinical medicine which is specialist and patient
driven has become feasible in the light of current data opportunities.

If it is a duty of doctors, and a right of patients, to understand the likely
course of disease, then this may be a responsibility.
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