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WHY DO WE CARE ABOUT TRIALS?

Yetley et al, American Journal of Clinical Nutrition 105 2016 10.3945/ajcn.116.139097. 

Randomized controlled trials
(RCTs)



WHY DO WE CARE ABOUT TRIALS?

RCTs are the best way to reliably establish and quantify a causal relation 
between an exposure and an outcome
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WHY DO WE CARE ABOUT TRIALS?
Observational data can provide unreliable estimates:

Different effect size
(beta-blocker use and mortality after myocardial infarction)

Different direction of apparent effect
(antihypertensive therapy and coronary artery disease)

Discordance regarding presence of effect
(higher-dose vs lower-dose aspirin and stroke after carotid endarterectomy)

Stephen MacMahon and Rory Collins, Lancet 2001; 357: 455–62



DON’T DITCH RANDOMIZATION!

STREAMLINING RCTSNON-RANDOMIZED METHODS

vs



• Focusing on the things needed to
• Answer the research question 

• Keep the participants safe 

• CTTi ‘Quality by Design’ principles

• Data enabled clinical trials 
• Health Data Research UK

• Collaboration with NHS Digital - NHS DigiTrial

STREAMLINED RANDOMIZED TRIALS



CLINICAL TRIALS VS ROUTINE HEALTH CARE

Study visits

Participant questionnaires

Trial laboratory tests

Trial data
collection systems 

Routine health care data
collection systems

Hospital Admission Data

Primary Care Systems

Prescribing

Mental Health

Registries

Screening programs



• Answer the research question reliably

• Keep participants safe 

• Keep participants’ data safe

WHAT’S SIMILAR ABOUT TRIALS?

Trial records Routine health care records

• Record patient care reliably

• Keep patients safe 

• Keep patients’ data safe



ORION-4 study, simulated patient and data – reproduced with permission

WHAT’S SIMILAR ABOUT TRIALS?



ORION-4 study, simulated patient and data – reproduced with permission

WHAT’S SIMILAR ABOUT TRIALS?



ORION-4 study, simulated patient and data – reproduced with permission

WHAT’S SIMILAR ABOUT TRIALS?



ORION-4 study, simulated patient and data – reproduced with permission

WHAT’S SIMILAR ABOUT TRIALS?



USING ROUTINELY-COLLECTED DATA IN DIFFERENT STAGES OF CLINICAL TRIALS

Research 
question

Protocol 
design Feasibility

Identify and 
invite  

patients
Results Long-term 

follow-up

Capture and 
adjudicate 
outcomes

GOOD DESIGN
AND PLANNING

EFFICIENT 
RECRUITMENT

AND 
ENGAGEMENT

EFFICIENT DATA COLLECTION

Routinely-collected data

Improve efficiency
Improve reliability

ROBUST RESULTS



• Hospital Episode Statistics (HES) Admitted Patient Care

• Other HES data sets (Accident and Emergency)

• Death certifications (Office for National Statistics)

• Disease specific registries (Cancer, UK Renal Registry) 

• National Audit Programmes (Diabetes)

• Other (General Practice data, Prescribing data)

SOURCES OF ROUTINELY-COLLECTED DATA IN CLINICAL RESEARCH



• Completeness of linkage

• Data format issues
• Multiple sources and formats

• Coding practice and data quality

• Timeliness of receiving data 
• may clash with regulatory requirements

CHALLENGES OF ROUTINELY-COLLECTED DATA IN CLINICAL RESEARCH



• Check completeness of linkage

• Create a dataset-specific mask

• Defines the data format and potential checks

• Review, clean and homogenise data

• “Sanity checks” include the correct number of columns and whether the 

participant ID returned “belongs” to that registry

• Some checks are automatic (if a column is marked as “date”, ICD10, OPCS 

or similar)

• Other checks and lists can be specified (using regular expressions)

IMPORTING ROUTINELY-COLLECTED DATA IN CLINICAL RESEARCH
CTSU Partner

(who holds the data)



• Transform and import data automatically
• Use a bespoke data viewer:

USING ROUTINELY-COLLECTED DATA IN CLINICAL RESEARCH



A TALE OF THREE TRIALS





AMALFI

(Active Monitoring for AtriaL FIbrillation)

Population 
at risk AF Stroke

SCREENING TREATMENT

AMALFI
http://www.isrctn.com/ISRCTN15544176



USING PRIMARY CARE DATA FOR TRIALS
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design Feasibility

Identify and 
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GOOD DESIGN
AND PLANNING

EFFICIENT 
RECRUITMENT

AND 
ENGAGEMENT

Study 
site 

planning Large-scale mail-based
invitation methods

Data extracts from primary care records 
and central records

Eligibility searchSimple eligibility 
criteria aligned with 
primary care records

EFFICIENT DATA COLLECTION

ROBUST RESULTS



PROTOCOL DESIGN

CHA2DS2VASC SCORE



PROTOCOL DESIGN

CHA2DS2VASC SCORE

AGE (>64/>74)
GENDER

HEART FAILURE
HYPERTENSION

DIABETES
STROKE/TIA/THROMBOEMBOLISM

VASCULAR DISEASE (HEART ATTACK, PAD)
ATRIAL FIBRILLATION

LATEX ALLERGY
(DEMENTIA, PALLIATIVE CARE)



TRIAL SETUP

+

5 CLINICAL COMMISIONING GROUPS (GP PRACTICES)
6 ACUTE NHS TRUSTS



USING PRIMARY CARE RECORDS

(or other systems)



AGE (>64)
MALE

LATEX ALLERGY
ATRIAL FIBRILLATION/FLUTTER

DEMENTIA
PALLIATIVE CARE

USING PRIMARY CARE RECORDS



HF + HTN

HF + DM

HF + PAD

USING PRIMARY CARE RECORDS



AGE (>64/>74)

GENDER

HEART FAILURE

HYPERTENSION

DIABETES

STROKE/TIA/THROMBOEMBOLISM

VASCULAR DISEASE (HEART ATTACK, 

PAD)

ATRIAL FIBRILLATION

LATEX ALLERGY

(DEMENTIA, PALLIATIVE CARE)

Coded search 
(XML)

USING PRIMARY CARE RECORDS



FEASIBILITY & PLANNING

CTSU

CRNPractices

GP practice list

NIHR portfolio

Expression of interest

Study summary (RISP form) 
EMIS search



CTSU

CRNPractices

Expression of interest

Study summary (RISP form) 
EMIS search

EMIS search

GP practice list

NIHR portfolio

FEASIBILITY & PLANNING



IDENTIFICATION, INVITATION & ENGAGEMENT

CTSU

CRNPractices

Expression of interest

Study summary (RISP form) 
EMIS search

Contact details

Invitation letter
PIL

Consent form
Questionnaire

GP practice list

EMIS search

NIHR portfolio List extract
Review and 

approval by GP

Contact details



OUTCOME COLLECTION

Patient list

Patient list

Secondary care records 
(NHS Digital)

Primary care records 
(NHS Digital)

Practices

Primary care records 
(GP practices)

?

CTSU

Hospital Episodes 
Statistics (HES)





TRIAL DESIGN

Image source: www.timi.org
https://clinicaltrials.gov/ct2/show/NCT03705234



USING SECONDARY CARE DATA FOR TRIALS

Research 
question

Protocol 
design Feasibility

Identify and 
invite  

patients
Results Long-term 

follow-up

Capture and 
adjudicate 
outcomes

GOOD DESIGN
AND PLANNING

EFFICIENT 
RECRUITMENT

AND 
ENGAGEMENT

Simple 
eligibility 

criteria aligned 
with central 
records data

Study 
site 

planning

Patient 
identification

Large-scale mail-based
invitation methods

Data extracts from central recordsPre-
screeningRefining the 

research 
question

EFFICIENT DATA COLLECTION

ROBUST RESULTS



PROTOCOL DESIGN

Simple inclusion criteria:

Age ≥55y and:

1- Prior myocardial infarction; or

2- Prior ischaemic stroke; or
3- Peripheral vascular disease 

(prior lower extremity artery revascularization 
or aortic aneurism repair)

“Standard” inclusion criteria:

vs



PROTOCOL DESIGN

1- Diagnosis of MYOCARDIAL INFARCTION:
ICD9 codes: 410*, 412* and/or
ICD10 codes: I21*, I22*, I23*, I252 and/or
READ codes: G30*

2- Diagnosis of STROKE:
ICD9 codes: 433*, 434* and/or
ICD10 codes: I63*, I64* and/or
READ codes: G63*, G64*, G66 and/or

3- Surgery/procedure for PERIPHERAL VASCULAR DISEASE:
OPCS-4 procedure codes: L16*-L28* inclusive, 

L48*-65* inclusive, L71*

Simple electronic search criteria:

Simple inclusion criteria:

Age ≥55y and:

1- Prior myocardial infarction; or

2- Prior ischaemic stroke; or
3- Peripheral vascular disease 

(prior lower extremity artery revascularization 
or aortic aneurism repair)



Electronic search of 
central health records

FEASIBILITY & PLANNING



Coded data 

Coded data 

Name/address

Invitation letter

Appointment

Pre-screening

IDENTIFICATION & INVITATION

Name/address



9 computer applications
4 programmers
Spec writers / testing team
20 years of experience

Electronic search of 
central health records

Invitation

Technical requirementsData checking
(vital status, location, 

duplicates)

Details of potentially-eligible 
patients sent to CTSU

Confidentiality Advisory Group (England and Wales)
Ethics committee approval
Independent review by iGARD (NHS Digital)
Data sharing agreement with NHS Digital

Regulatory requirements

IDENTIFICATION & INVITATION

Section 251 
(NHS Care Act)

>90 datasets
>1M patient 

records



Electronic search of 
central health records

Invitation

Data checking
(vital status, location, 

duplicates)

Details of potentially-eligible 
patients sent to CTSU

Patient list

Cholesterol results

CAG approval
Data sharing agreement with Trusts

Technical feasibility within Trust

Electronic search of 
lab database

IDENTIFICATION & INVITATION

?>90 datasets
>1M patient 

records



Enhancing addresses

Study centre allocation

Apply centre catchment 
radius

Check age

Check if GP practice 
not excluded (NWEH)

Check cholesterol results

Check date and status 
of the last list cleaning

Electronic search of 
central health records

Invitation

Details of potentially-eligible 
patients sent to CTSU

Send list 
for 

cleaning 

Ready 
to 

invite

• Apply uniform formatting
• Get Royal Mail approved version
• Get location (OS grid information)

Data checking
(vital status, location, 

duplicates)

>90 datasets
>1M patient 

records

Adjustable according to 
study requirements

IDENTIFICATION & INVITATION

Invitation



SEARCH THRIVE REVEAL 

Early 2000s Late 2000s Early 2010s

Invite

Screen

Run-in

Randomise

Conversion

CTSU CV trials – invitation numbers



Central health records

CTSU

OUTCOME COLLECTION
GP follow-up 

(where necessary)Study visits / telephone FU

Disease registries

HES (secondary care)
ONS (mortality)

Adjudication





ASCEND

ASCEND study collaborative group. NEJM 2018;379:1529-1539
ClinicalTrials.gov: NCT00135226

Figure source: www.medscape.com



USING ROUTINE DATA DATA FOR TRIALS

Research 
question

Protocol 
design Feasibility

Identify and 
invite  

patients
Results Long-term 

follow-up

Capture and 
adjudicate 
outcomes

GOOD DESIGN
AND PLANNING

EFFICIENT 
RECRUITMENT

AND 
ENGAGEMENT

Identification and invitation Data extracts from central records

Large-scale mail-based
invitation methods

EFFICIENT DATA COLLECTION

ROBUST RESULTS



INVITATION
Recruitment and follow-up entirely by mail (no sites)

Overall

422,300

121,200
(~29%)

15,400
(~3.6%)



• Postal questionnaires/GP review

• Targeted HES search and clinician review if lost to FU

• Enabled 99% completeness of follow-up (vs ~94% without HES)

• Automated ‘event’ creation (e.g. death notification)

• Usually followed by manual review by trial clinician

OUTCOME COLLECTION



OUTCOME COLLECTION

(bespoke HES data viewer)



How does routinely-collected data compare against clinician adjudication?

Hospital Episode Statistics
(England and Wales)

Clinician adjudication 
“Gold Standard”

OUTCOME COLLECTION



OUTCOME COLLECTION (excluding Scotland)

Charlie Harper, unpublished data – not for reproduction or circulation



OUTCOME COLLECTION (excluding Scotland)



OUTCOME COLLECTION (excluding Scotland)



Coronary Heart Disease Heart failure

European Heart Journal (2014) 35, 290–298

OPPORTUNITIES: POST-TRIAL FOLLOW-UP (WOSCOPS study)

In-trial In-trialPost-trial Post-trial

Routinely-collected records in Scotland (Scottish Morbidity Record)



Randomized patients (ASCEND) NHS Trusts involved (ORION-4)

OPPORTUNITIES FOR ROUTINELY-COLLECTED DATA: INCLUSIVE TRIALS



Research 
question

Protocol 
design Feasibility

Identify and 
invite  

patients
Results Long-term 

follow-up

Capture and 
adjudicate 
outcomes

Promote simple 
inclusion criteria

Develop and share 
algorithms to

Identify the right patients

Enable easy access 
to feasibility data

Validate routinely-collected data 
for a range of trial outcomes and 

other relevant data

Develop methods 
for large scale 

invitation

Address issues of timeliness, 
CDISC and regulatory concerns

GOOD DESIGN
AND PLANNING

EFFICIENT 
RECRUITMENT

AND 
ENGAGEMENT

OPPORTUNITIES AND CHALLENGES FOR ROUTINELY-COLLECTED DATA: 
DATA-ENABLED CLINICAL TRIALS

EFFICIENT DATA COLLECTION

ROBUST RESULTS



routinely-collected
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