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Patient at the Centre of What?

Organisation/
Pathway
1

Organisation/

Organisation/ Pathway
Pathway 2
k...

Real-world evidence =

Evidence base about
the average patient Evidence base (average patient)

predicting < 30% of U

treatment response Me (and n-of-1 of my responses)
U
My care setting




Troublesome Threes

* 3 |ngredients
— Data; Models; Expertise

e 3 Myths

— Big data warehouses are the solution
— Science provides the models to utilise the data
— Clinicians will continue to be the main source of data

* 3 Pipelines
— R&D; Quality Improvement; Payor & Public Health



Dormant Data

Body Mass Index (BMI) trend in Wirral 3y-olds from 1988 to 2003
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Three-monthly rolling average BMI SDS
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Month of measurement by Health Visitor

SDS = standard deviation score from 1990 British Growth Reference charts — adjusts for age and sex of the child



Density
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Easily Disregarded Data

ALT Test Times for Type 2 Diabetics
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Trends in liver function sought in
patients with long-term conditions.

Most did not have regular repeat tests.
Complex time structure to model.
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log ALT Result

Improved Liver Function on Starting Glitazone

First glitazone Rx

Mean log(ALT) before
Mean log(ALT) after

o~ Fitted trends do not join = evidence of change of glitazone effect on ALT

T T T
-2000 0 2000

Time

Decrease (pooled) = 0.15 (se=0.009), p<1x10>°
Similar irrespective of co-prescriptions {G =0.12; GM =0.16; GS=0.16; GSM = 0.15
G = glitazone, M = metformin, S = sulponylurea}



log ALT Result

Rosiglitazone to Pioglitazone: No Liver Signal

Rosi = Pio

ALT on Rosi .' e 1 S |

Lines aI_'most'-jo'in_é' no-evidence of a change in ALT

ALT on Pio
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Trapped Data

e Narrative

— Vioxx risk of M| detectable pre-2004

* By text mining 154k RA patient notes
* Not by ICD-9 codes from same notes

* Repeated for 2 other risks
LePendu et al. 2012, J BioMed Sem 3(1):55

e Rubrics
— Code for type 2 diabetes annotated “DM r/o”
— Access blocked by some ethics committees



Miscoded Data

UK Diabetes Prevalence from Different Databases
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Data from Tim Doran, University of Manchester



Haemoglobin (g/L)
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Clinical (audit) question leading to scientific finding:
required local metadata (assay change) not in national datasets

Anaemia at lower levels of
kidney impairment than
commonly thought
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Estimated Glomerular Filtration Rate (ml/min/1.73m?)



Data Warehouses are not the Solution
* Need contextual metadata 3@% q j E'i

continuously adding value
to big data

e Need engaged communities
adding the metadata

e OMOP lessons

— Current big data only for crude effects
— Different answers from different datasets & methods



Big Data in Context

Datasets
(+ models)
(searched by experts)

Data U Models U Expertise
“sense-making network”



Fragmented Evidence & Workflows

Patient is the union, not the sum of pathways
Need usefully complex models of health & care

Public Health

Weight control /
Physical activity

Primary Care

Nephrology:
Blood pressure focus

Specialist A

wm chelcoes

e el L e ]

Weight -

Self Care

Secondary Care

\ Diabetology:
Glucose focus

Blood pressure

Specialist B



Health Records
& Knowledge Silos
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Data-intensive Paradigm -shift

Open Unifying Modelling:
Across mechanisms and contexts

Health Avatars
& Dynamic Models

U models = Avatar

e.g. Chronic obstructive
pulmonary disease

e.g. Coronary heart disease

\

-

Electronic
Health Records
(eHR)

Data Data Data

Unified Graphical Model

=

Large scale inference

Multi-scale &

Multi-system
Health:
* Research

* Policy

* Care

Model refinement




Not About Mining Big Data

Problem Space Observation Space Data Space

0

y=blx1l +b2x2 +b3x3 + ¢

...like squinting at an image through a doyley and prism

Need to harness networks of reasoning about models
Not just structure in big data



Model-based Machine Learning

e Suspected myth: false division of children into
allergic tendency (atopy) or not

e Life-course data: birth cohort of 1,000 children
from Manchester with careful measurements

* Approach: unsupervised search for
patterns of sensitisation =2 shape hypotheses



Unsupervised Clustering of
Allergic Sensitisation Development

switch class<———— Sensitization Class 1,053 Children

8 Allergens

P(Sens’n) Sensitized Sensitized Sensitized Sensitized
inyear 1 f Age 1 Age 3 Age 5 Age 8

| | | |

P(Gain) ] Skin Test Skin Test Skin Test Skin Test

P (Loose) Age 1 Age 3 Age 8
Sens’n

3 intervals
Blood Test Blood Test Blood Test

Sens’n state Age.3 Age 8

infer.net




Five class model
- Latent atopic vulnerability*

From 2 to 5 Useful Classes of Atopy

Asthma Peiiletant c ¢
Asthma exacerbation er:ns sih :rren
after age 1 wheeze wheeze
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Risk of hospital admission
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Predicted Real-world Outcomes

Admitted at Any Age
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(remove early virus wheeze)

(b)

Clusters

No latent atopic
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Aloplc vulnerability.
dust mite

— AlOplc vulnerability,
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Mirage of Evidence

Health Evidence

Sciences Base et

Research Commissioning

Reality: feedback is too little too late

Algorithms may be out of date by the time they are “validated”
Note EU Directive 2007/47



In-hospital mortality rate
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Source:
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Predicting Mortality from Cardiac Surgery

Observed in UK (SCTS audit)
Expected via EuroSCORE | model

Drifting EuroSCORE Calibration
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Re-inventing Reuse

* 3 Pipelines
— Research and Development
— Provider Quality Improvement
— Payor & Public Health Evidence

1 Bottle-neck

— Human resource to make sense of data



Potential to Borrow Strength

Clinical Trial:
1 vs. 2 per day dosing 2
adherence (* deprivation

Clinical Audit:
Depression vs. readmission

Public Health:
Recalibrated deprivation score

“Users who selected the
variables in your basket also
selected these variables and

these models...”



Health Intelligence ‘e-Lab’
from/for a Population

NHS

NHS

Anonymised linked records> @ I_G b

North West e-Health

Firewall 1

@ Unified
Health Intelligence

2d Level Privacy Control Platform

Metadata

Firewall 2

& External collaborator/client

]



Data queries: From this...

select distinct PatientID, GPPracticeCode from Patients where DeathDate is null and PatientID in (select distinct PatientID from Patients where
Dob<=1991 and PatientID in (select distinct PatientID from Patients where Dob>=1931) ) and PatientID in (select distinct PatientID from Patients
where PatientlD in (select distinct j.PatientID from Journal j where j.ReadCode in
('.c21.",'.C2A.",'.C2D.",".C2G2','C1021','C109.",'C1094','C1095','C1097','C1099','C109D','C109F','C109G",'C109H",'C109J','C10F.",'C10F4','C10F5','C10F7"
,'C10F9','C10FD','C10FF','C10FG','C10FH','C10FJ','L1806','X40J5','X40J6','X40Jk','XaELQ’,'XaFn7','XaFn8','XaFn9','XaFWI','XSETp','XU70f",'XU7 1F','XUK
00','XULXc','XUPHN','XUSbx') and j.EntryDate<@p4DateLimitl ) ) and PatientID not in (select distinct PatientID from Patients where PatientlID in
(select distinct j.PatientID from Journal j where j.ReadCode in
('.1226','.12C2','.12C3','.12C5','.12C8",'.12CA",'.12CB','.12CC",'.12CD',".12CE','.12CF','.12CG','.12CH','.12CJ',".12CL",'.12CM",".12CN'",".12CP',".12CR',".12C
S','.12CT',".12J3',".14A.",'.14A3',' . 14A4','.14A5','.14A6','.14AD',". 14AH'",".14A)','.14AL",'.14AM','.14AN','.14AP','.14AQ/,'. 14AR','.14H1",".187.",'.1110',".1I3
S,'115.,116.",'.1)60','.101.",'.2241",".679X",'.68B2','.68B6','.6C0.','.7721",'.7722','.865.",'.8651','.8652",'.8653','.8654','.865Z','.BINZ','.G12.",".G121','.G
122''.G123','.G12Z','.G131','.G2..",'.G21.",'.G211','.G212",".G213",'.G21Z',".G22.",'.G221','.G222','.G223','.G22Z','.G23.",'.G231','.G232','.G233",'.G234",
.G235','.G236','.G2327','.G2Z.",'.G32.",'.G34.",".G4..",".G41.",'.G42.",'.G420'",'.G43.",'.G44.",'.G440','. G441','.G4A42','.GA43",'.G444','.GA45",'.G446',' .G45.",.
G451','.G452','.G457','.G46.','.G47.','.G48.",'.G49.",'.G42.",' .G5..",'.G51.,'.G511',.G52.",'.G52Z','.G52.",'.G6..",'.G61.",'.G612','.G613','.G614",'.G62Z','.G6
3.,'.G631','.G632','.G633','.G634','.G635','.G636','.G637','.G63Z','.G64.",'.G641','.G642','.G643','.G644','.G645','.G646','.G64Z','.G65.",'.G651','.G652",'
.G653','.G654','.G655','.G656','.G657','.G65Z','.G66.','.G67.",'.G670",'.G68.",'.G681",'.G682','.G68Z','.G69.",'.G691','.G692",'.G693','.G69Z','.G6A.",'.G6A
1','.G6A2','.G6AZ','.G6B.",'.G6B2','.G6B3','.G6B5','.G6B6','.G6BZ','.G6C.",'.G6E.",'.G6Z.",'.K2B5',".N2..",''N21.",'.N211",'.N212',".N213',".N214','.N21Z',' N2
2.','.N221','.N222','.N223','.N224',' N225',".N226','.N227','.N22Z','.P324','.P9H2','.PON2','.P9OZ','.RJ10','1226.",'12C..",'12C2.",'12C3.",'12C5.",'12C8.",'1
2CA.','12CB.",'12CC.",'12CD.",'12CE.",'"12CF.",'"12CG.",'"12CH.",'"12C).",'12CL.",'"12CM.",'"12CN.",'12CP.",'"12CR.",'12CS.",'12CT.",'12J3.",'14A..",'14A3.",'14A4 ",
14A5.','14A6.',"14AD.",'14AH.","14A).",'"14AL.",'"14AM.",'"14AN.",'14AP.",'"14AQ.",'14AR.",'14H1.",'1110.','113..",'115..",'116..",'1)60.','101..",'2241.",'679X.",'68
B2.','68B6.','6C0..",'7902.','79020','79021','79022','79023','79024','79025','7902y','7902Z','7930.','79300','79301','79302','79304','7930y','79302','79
340','79341','79342','79350','79351','79356','793E1','793M1','793M2','793M3",'7L1H.",'7L1HO",'7L1H1",'7L1H2",'7L1H3",'7L1H4",'7L1H7",'7L1HS','7P0
GO0','A17y0','A17y1','A2704','A32y1','A364.",'/A3640','/A3642','A3643",'A364z2','/A742.",'A7420','A7422"','A7423','A7427','A7A..",' A860.",'A8600','A932.",'
A9320','A9321','A9322','A9323"','A9324','A9322','A93y1','A98y2','A98y3','AB2y0','AB404','AB414",'AB4z4','AD03.",'B241.",'B2410','B2411','B2412",'B2
413''B241Z','B25..",'B727.",'B728.",'B93y1','Byu21','C1322','C34y1','C3733','F3918','F3918B','G01..",'G010.','G011.','G012.",'G01y.",'G0O1y0','G01yz','GO
1z2.''G020.','G1...",'G10..','G100.','G101.','G102.",'G102.",'G11..",'G110.','G111.','G112.",'G113.",'G114.",'G11z2.",'G12..",'G120.','G121.",'G122.",'G12z.",'G
13..,'G130.,'G131.','G132.','G133.",'G13y.','G13z.",'G14..",'G140.','G1400','G1401','G1402','G1403','G1404','G1405','G140z','G141.",'G1410','G1411",
G1412','G141z','G14z.",'G1y..",'G1y0.",'G1yz.",'G1yz0','G1yz1','G1yzz','G1z..",'G21..",'G210.','G2100','G2101','G210z','G211.','G2110','G2111','G211Z",’
G21z.','G21z0','G21z21','G21z2','G23..",'G230.",'G231.','G232.','G233.','G234.",'G23z.",'G3...",'G30..",'G300.','G301.,'G3010','G3011','G301z','G302.",'G3
03.','G304.','G305.','G306.','G307.",'G3070','G3071','G308.",'G309.','G30A.','G30B.','G30X.','G30X0','G30y.','G30y0','G30y1','G30y2','G30yz','G30z.",'G
31..,'G310.','G311.,'G3110','G3111','G3112','G3113','G3114','G3115','G3117','G312.','G31y.",'G31y0','G31y1','G31y2','G31y3','G31yz','G32..",'G33..!,
'G330.','G3300','G330z','G331.','G332.','G33z.','G33z0','G33z1','G33z2','G3323','G33z5','G3326','G33z7','G332zZ','G34..",'G340.','G3400','G3401','G341
.!','G3410','G3411','G3412','G3413','G3412','G343.",'G344.",'G34y.','G34y0','G34y1','G34yz','G34z.",'G3420','G35..",'G350.','G351.",'G353.",'G35X.",'G36
..,'G360.','G361.','G362.",'G363.','G364.','G365.','G366.','G38..",'G380.','G381.','G382.",'G383.",'G384.",'G38z.','G3y..",'G3z..",'G40..",'G400.','G40z.",'G4
1 "1CA11 ' 'CAlY ' 'CAlve 'CGA17 ' 'CE ''GEN ''CGEONE 'CENT ''CET1 ''CE10 ' 'CE100' 'CE101' 'CE102' 'CE107' 'GE11 ' 'CE110' 'CGE111' 'CE119' 'R



Study Overview

State
Feasibility
Study Members

lucy (Creataor)

bruce (Viewer)

gary (Editor)
markdelderfield (Editor)
normanstein (Editor)
pat (Editar)

sarahthew (Editor)

steph (Viewer)

...to this

Gender Any v

Ethnicity Any v

Smoker e '™/A (Mot Applicable)
o Select:

Current Smoker Ex-Smaoker Mever Smoked
=l Additional Criteria
= Include: Has Asthma X

{ AND Asthma |

:: AND Asthma attack diagnosis made less than 12 Months ago &

Search for Diagnoses ¥ asthma

Asthma

Asthma attack
Cardiac asthma
Asthma screening
Intrinsic asthma

=
— Search within term description

Diagnosis made | Less Than | 5 Mot

Add with | And And/Or ) And Nof Asthma confirmed
Asthma attack NOS

Asthma unspecified

l
l
l

# Include: Asthma Medications x

® Exclude: BMI - Overweight 9%

Add Include Group Add Exclude Croup

00 X
00 X




Clinical Study Feasibility Assessment

I“I"\.___- L

making sansa of local haalthears

= Create new study

Farsite Home Protocol Templates  Shared Criteria  Research Networks  Clinical Codes Help

= Create copy of this study Description Protocol Estimates
¢ Cancal Sudy Study saved 31/08/2010 08-45:31
= Return to list of studies

Run

Protocol Templates Baseline B85 people

# Demographics 885 people
(= Additional Criteria

s Create Template

= Include: Has Asthma

Study Overview Asthma <5 people

— AND Asthma attack diagnosis made less than 12 Months agoe <5 people
Feasibility @ Include: Asthma Medications
Study Members

[# Exclude: BMI - Overweight
# |ucy (Creator)

« bruce (Viewer)
= gary (Editor)
« markdelderfield (Editor)

Recruitment Estimate <5 people

= normanstein (Editor) Edit



Clinical Study Recruitment
e

= Create new study
» Create copy of this study Description Protocol Estimates Attachments GP Recruitment Send To GPs
] Stud:.r Study zaved I1082010 08:47:20
» Return to list of studies

Add patient consent form Choose File | Mo file chosen
Protocol Templates and patient infarmation sheet (if Choose File ) No file chosen

separate)

® Create Template Add ethics approval letter Choose File ) Mo file chosen

Patient invitation letter template
(BB 2= aE===

Fes

State [[GPSurgeryMame]]
Approved [GPAddressLine1])
Study Members [GPTown]]
® lucy (Creator) Dear [[PatientFirstMame]] [[PatientLastMame]]

¢ bruce (Viewer) We would like to invite you

=« gary (Editor)
» markdelderfield (Editor)

& normanstein (Editar)

e pat (Editor] Pafent
Address Line 1 Address Line 2 Address Line 3 Town County Postcode Title Firstname Lastname
® sarahthew (Editor)

GP
Surgery Name Address Line 1 Address Line 2 Address Line 3 Town County Postcode Firstname Lastname

Qualifications

e steph (Viewer)




Preserving Consent for Consent

Integrated

Local Health Community

Health
Record

Study Recruitment

Essential Local

Metadata

Tool y
1‘ Bulk ETL with / Lo
HTTPS||email Anonymisation i
e
lll > e-Lab
I Anonymised
,' Repository SQL
I
I
Clinician i HTTPS
1
' > Study Protocol
( Query Designer
HTTPS Objects \\ A /
. o \ Clinical
Patient-Clinician Care HTTPS Researcher
Boundary /Manager

Relationships




CLab

Morth West e-Health

* Project Details HBAIC by ward
e Data

Home My Projects Repository Governance Users Messages News Help

Show Details Show Permissions Add a Note... Add a File...
e Documents

e Data Exploration

e MNotes View data as grid View data as chart View data as map View statistics Statistics Warkbench
e Snapshots
M
« People m — |
sattings
e Hide/Delete ltems |
» Project Views Take snapshot Save image to my computer |
* Project Explorer . |
» My Projects Mean HBA1C values by ward .
# Public Projects |
b Help Legend Title :
B G.63-6.81 |
B 6.31-697 |
B G6.57-7.09 |
. 7 09-7.12
B 712-740 |
1 Website _ |
Value P b |
Many uses Mean: 7.106 -
Sample Size: 16 |
Many users .
S

Common data
Population focus




e-Lab Currency: Work Object

Work Object

Research protocol Statistical analysis scripts

(Research Object)

Data-sources Analysis-logs & notes
Data-preparation scripts Visible Figures/Graphics
Value-Adding
Working datasets Manuscripts

References Slides

Socially Stimulating Science & Service Intelligence, In-silico



Data Sharing: Contextualised

P CLab

\¥/ Morth West e-Health
Local
Community 4 Collaboration with other
Integrated | trusted e-Labs
Health '

Record

Depersonalised records> Local uses Shared

Work

object

Each locality can police the passage of objects at its boundary.

Changes to objects are fully auditable.



SOA for Borrowing Strength

AN

Resource Bus

Work Object Bus

E-Lab

Federation of e-Lab communities

shares work objects without
remote data warehousing

Strength is borrowed
and costs reduced
by pooling expertise




Harness Heterogeneity

Diversity of settings (disease-risk & treatment)
across regions

could be harnessed
to tease out evidence
with smaller samples
faster than at present

Ref: Thompson et al. Statistical methods for the time-to-event analysis of individual participant data from
multiple epidemiological studies. International Journal of Epidemiology 2010;39:1345-1359



Toward m-Health: n-of-1 Gateway

Dark areas

e.g. adherence vs. antibiotic resistance

Current signal

“how did you get on with your medicine?...

m-Health

— Smartphone app. with drug

* Quality of life scores

e Position and acceleration

— Watch/plaster
* Temperature
* Pulse

V24

Patient/Citizen

Co-produced
Health Record

Algorithm/ Clinician/
System Health Ally



Med-App Ecosystem:
Reducing Schizophrenia Relapse

Patient-Care team direct contact

ﬂ:areLoop \ Care Team
v
> T

Views
web \

Alerts

SMS/Email
Interventions

ClinT = MANCHESTER .
SAloten wres Mobile Data

Day 2, Entry 1 of 6 Network / Monitoring
Internet

N

disagree P —

|

[

|

|

|

|

|

|

|

|

|

|

|

|

: di Gl & 9:51 Am Triggers

|

|

|
\ 4

Patient
/ -
, Diary

) \ Database
Patient

N~

Note: EU Directive 2007/47 (algorithm = medical device)



Conclusion

e Current healthcare evidence
predicts less than 30% of true outcomes

* Smart networking of data, models and expertise
across environments is key to
health system adaptation

* Payer, provider, industry and '1
academia need to co-adapt
in a social machine of R&D

PRINCIPES
py DROIT «

s
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- 3 R B 5
.\ .‘_ X
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Rousseau: "Social Contract”
Pre-competitive alliance framework




