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ABSTRACT

Background

Large randomised controlled trials (RCTSs) in cardiovascular disease have provided reliable
evidence for interventions whose widespread use has contributed to the secular declines
in mortality. But, increasing costs of conducting RCTs threaten our ability to generate new
randomised evidence. Linkage to health data collected during a person’s routine care (i.e.
routine data) has the potential to substantially streamline trial follow-up, however, there

remains considerable uncertainty about the reliability of such information.

The primary aims of this thesis were to investigate, whether for large cardiovascular RCTs
in the UK, follow-up of their primary and secondary outcomes via routinely collected hospital
admission and death registry data: (1) are ascertained as accurately and completely as
adjudicated direct follow-up; and (2) can yield the same estimated treatment effects as
adjudicated direct follow-up. Secondary aims were: (3) to assess whether clinical
adjudication of direct trial follow-up is necessary; and (4) to use simulated data to
investigate more generally the impact on randomised trials of removing true events and

adding false events, as may happen if routine data are used for follow-up.

Methods

A systematic review of the existing literature was conducted, where MEDLINE and Embase
were searched between 1st January 2010 and 12th August 2022 using a search strategy
and selection criteria to identify studies assessing the reliability of UK routine data at

ascertaining cardiovascular outcomes compared to trial follow-up data.

Analyses were then carried out using two large trials: (1) the ASCEND (A Study of
Cardiovascular Events in Diabetes) primary prevention trial randomised 15480 UK people
with diabetes using a 2x2 factorial design to aspirin versus matching placebo, and

separately to omega-3 fatty acids versus placebo. The primary efficacy outcome was



serious vascular events (SVEs; including non-fatal myocardial infarction [MI], ischaemic
stroke or transient ischaemic attack [TIA], or vascular death [excluding intracranial
haemorrhage]) and primary safety outcome for the aspirin comparison was major bleeding
(including intracranial haemorrhage, sight-threatening eye bleeding, serious
gastrointestinal bleeding, and other major bleeding). Adjudicated direct participant mail-
based follow-up was the main source of outcome data, and participants were linked to their
routinely collected hospital admission and death registry data, where an algorithm was
applied to distinguish between major vs minor bleeding events. (2) SHARP (Study of Heart
and Renal Protection) was a placebo-controlled trial of simvastatin plus ezetimibe in 9270
people with moderate-to-advanced chronic kidney disease (CKD). The primary outcome
was major atherosclerotic events (MAEs; including non-fatal MI, coronary death, non-
haemorrhagic stroke, or revascularisation), with the secondary outcome being kidney
replacement therapy (KRT; including maintenance dialysis and kidney transplantation).
Adjudicated direct participant clinic-based follow-up was the main source of outcome data,
and 1576 participants living in England were linked to their routine data. Kappa statistics
were used to assess agreement between follow-up data sources (where appropriate), and
randomised comparisons were re-run using the outcomes dataset based on the different

data sources.

Finally, simulation methods were used to investigate the impact on randomised trials more
generally of removing true events and adding false events, as may happen if routine data
are used for follow-up. Initially randomised trials were generated to match those of
ASCEND’s (n=15480) aspirin comparisons for any SVE (risk ratio=0.88) and major bleeding
(risk ratio=1.29). Scenarios using smaller (n=1000 and 5000) and even larger (n=25000)
sample sizes were then considered with different treatment effects (RR 0.70, 0.80, 0.90,
1.10, 1.20, 1.30). These data were considered the ground-truth. To simulate routine data
follow-up, true events were removed (0% to 40%) and/or false events added (0% to 40%),

where participants in either arm had an equal probability of having an error occurring (i.e.



errors were random rather than systematic). The primary performance measure was the
mean difference between the ground-truth and routine data risk ratios, with the secondary

performance measure being the difference in power.

Results

The systematic review identified three studies that compared cardiovascular and bleeding
outcomes ascertained via UK routine data with adjudicated direct follow-up, two of which
assessed old routine data collected over two decades ago (i.e. 1989-2001), and the other
followed-up participants for only 28 days. Nevertheless, for cardiovascular outcomes,
agreement between data sources was strong for revascularisations, and moderate for Mls
and strokes. Re-running randomised comparisons using routine data only provided relative
treatment effect estimates similar to adjudicated direct follow-up. For major bleeding events,
routine data showed moderate completeness but accuracy was low, because the study’s
routine data outcome definition included major/minor bleeding and anaemia events. No

studies were identified that assessed kidney disease outcomes.

In the ASCEND trial, agreement between modern routine data (i.e. 2005-2017) and
adjudicated direct follow-up was strong for SVEs (kappa 0.78, 95% confidence interval [CI]
0.76-0.80), with similar levels of agreement for all SVE components except TIA (kappa 0.43,
95% CI 0.36-0.49). For the aspirin randomised comparison, rate ratios (RRs) for SVEs were
similar for adjudicated direct follow-up versus routine data alone (adjudicated data: RR
0.88, 95% CI 0.79-0.97; routine data: RR 0.91, 95% CI 0.81-1.02), and almost identical for
SVEs excluding TIA (adjudicated data: RR 0.92, 95% CI 0.82-1.03; routine data: RR 0.91,
95% CI 0.80-1.02). For the major bleeding outcome, despite only moderate agreement
between datasets (kappa 0.53, 95% CI 0.49-0.57), RRs and absolute treatment effect
estimates were similar for adjudicated direct follow-up and routine data (adjudicated data:
RR 1.29, 95% CI 1.09-1.52; absolute excess +6.3/5000 person-years [mean standard error
+2.1]; routine data: RR 1.21, 95% CI 1.03-1.41; absolute excess +5.0/5000[%2.2]). Overall,

the interpretation of ASCEND’s aspirin randomised comparison (i.e. the benefits of aspirin
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being largely counterbalanced by the bleeding hazard) would have not changed had follow-
up been solely via routinely collected data, with similar findings for pre-adjudicated mail-

based follow-up.

For the SHARRP trial in people with moderate-to-severe CKD, agreement between routine
data and adjudicated follow-up for MAEs was moderate-to-strong (kappa 0.67, 95% CI
0.61-0.72) and very strong for KRT (kappa 0.87, 95% CI 0.84-0.90). Analysis of SHARP’s
pre-adjudicated data showed that about one-quarter of patient reported MAEs were refuted.
Randomised analyses using SHARP’s pre-adjudicated data found similar results to the
adjudicated data (pre-adjudication: RR 0.80, 95% CI 0.72-0.89; adjudicated: RR 0.83, 95%
Cl 0.74-0.94) and also suggested refuted MAEs were likely to represent atherosclerotic

disease (refuted MAEs: RR 0.80, 95% CI 0.65-1.00).

Analysing simulated trial data from a wide range of trial scenarios showed that routine data
sources with small-to-moderate random errors (i.e. true event removed and false events
added =20%, which are equally distributed between trial arms) have little impact on relative
treatment effect estimates in randomised trials. In the situation where routine data sources
do introduce large amounts of error into a trial (i.e. true event removed and false events
added >20%), larger trials (n=5000) are better protected against random errors biasing the

treatment effect towards the null and reducing trial power.

Conclusions

In summary, data from large cardiovascular trials in people with diabetes and CKD indicate
that linkage to routinely collected UK hospital admission and death registry data may be a
reliable method of streamlining follow-up for non-fatal Ml, hospitalised ischaemic stroke,
vascular death (including its subtypes), arterial revascularisation, kidney replacement
therapy, and major bleeding outcomes. More generally, analysis of real and simulated
randomised trial data consistently showed that small-to-moderate random errors in trial

follow-up (which can be expected whatever the method of follow-up) had little impact on
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relative treatment effect estimates on account of the protection afforded by large-scale
randomisation. This thesis provides a rationale to consider using UK routine data as the

sole source of follow-up for future cardiovascular trials.
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CHAPTER 1 Routinely collected health data and its potential to

streamline randomised trial follow-up

Chapter summary

Randomised controlled trials (RCTs) are considered the gold-standard in assessing the
efficacy and safety of medical interventions, but RCTs are becoming increasingly more
expensive and complex to conduct. Current trial methods for ascertaining adverse event
information via direct participant follow-up in research clinics are highly burdensome for
both staff and participants alike. Verification of participant reports using collected medical
notes by clinician adjudicators is another important cost. The utilisation of routinely collected
health data (i.e. coded health information recorded during routine care) has the potential to
substantially reduce costs of trial conduct, by reducing both the dependence on large
numbers of research staff performing face-to-face visits with participants and the amount
of medical documentation needing to be manually collected at local sites for the purposes
of adjudication. The United Kingdom is particularly well placed to use such relatively novel
methods as it has a National Health Service in which health data are collected nationally.
These rich datasets are widely used as the primary source of follow-up for large
observational studies, yet few UK RCTs have utilised such data. One potential reason for
this lack of uptake is the uncertainty around whether RCTs can still provide reliable results
if participants are followed-up via routinely collected health data sources. This thesis aims
to investigate whether, for large cardiovascular RCTs in the UK, follow-up via routinely

collected health data are reliable enough to be the sole method of follow-up.
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1.1 Randomised controlled trials

Large-scale randomised controlled trials (RCTs) are considered the gold-standard method
of evaluating the efficacy and safety of medical interventions with moderate treatment
effects, as the process of randomly allocating large numbers of study participants to a
particular intervention removes confounding, which cannot be definitively excluded in
observational studies.!? Risks of bias are further minimised by many RCTs using a double-
blind approach in which both trial participants and research staff are blinded to treatment

allocation.

1.1.1 Randomised controlled trial in cardiovascular disease

Cardiovascular disease (CVD; i.e. conditions affecting the heart or blood vessels) is one of
the leading causes of death worldwide.* RCTs in CVD (i.e. cardiovascular trials) commonly
assess (1) whether a particular intervention may prevent future cardiovascular events from
occurring (i.e. efficacy), and (2) whether the intervention is safe (i.e. minimal increased risk
of adverse events). The primary outcome for cardiovascular trials traditionally include CVD
events that are considered the most serious (i.e. results in death, are life threatening, results
in disability, or require hospitalisation), herein termed Major Cardiovascular Events
(MVE).>® MVEs are defined in this thesis as including non-fatal myocardial infarctions (M),
non-fatal strokes (including both ischaemic and haemorrhagic), deaths due to CVD as the
underlying cause (including subtypes), and arterial revascularisations (i.e. commonly

subcategorised into coronary and non-coronary).®

Depending on the particular research question a trial is aiming to investigate, its primary
outcome may differ from the broad definition of MVE defined above. For example, in the
ASCEND trial (A Study of Cardiovascular Events in Diabetes; the focus of CHAPTER 3
and CHAPTER 4) that assessed the effects of aspirin on preventing future serious vascular
events (SVEs); due to bleeding being a known risk factor for antithrombotic treatment,

haemorrhagic stroke was excluded from the SVE composite outcome. Additionally, as the

25



annual event rate for SVEs was lower than anticipated, to improve the trial's power the
composite outcome was expanded to include transient ischaemic attack events.’ Similarly,
in the SHARP! trial (Study of Heart and Renal Protection; the focus of CHAPTER 5) that
assessed the effects of simvastatin plus ezetimibe on preventing future major
atherosclerotic events (MAES) in people with moderate-to-severe chronic kidney disease
(CKD); due to initiation of kidney replacement therapy being an important secondary
outcome, revascularisations related to dialysis access were excluded from the MAE

composite outcome.

1.1.2 Follow-up methods for cardiovascular trials

For RCTs in CVD, to capture information about cardiovascular and safety events the trial
team follow-up participants after the date of randomisation, typically until a final follow-up
visit or death. Traditionally, trial follow-up procedures performed by the Oxford Clinical Trial
Service and Epidemiological Studies Unit (CTSU) involves participants attending regular
appointments at their local research clinic (e.g. SHARP which is the focus of CHAPTER 5),
in which a member of the trained local research team (usually a nurse) interviews the
participant assessing whether they have experienced any new adverse events since their
previous follow-up visit (Figure 1.1).1%1215 When participants are unwilling or unable to
attend these face-to-face appointment or have died (Figure 1.2), information is obtained
via telephone from them, their relative, carer, or medical professional. This information is
recorded and coded in real-time directly into clinical terms on a computer-system and in
this thesis is referred to as “clinic-based follow-up”. These methods differ from the more
resource intensive approach of “investigator-reported follow-up” used by other research
organisations, where trained physicians at the research site (i.e. investigators) report events
(based on clinical presentation) that they consider to be serious adverse events (including

all suspected primary and secondary outcomes).*®

For RCTs conducted by Oxford CTSU, the trial protocol pre-defines which events require

verification. Medical notes (e.g. a participant’s hospital discharge summary and/or death
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certificate) are then collected for such events by the local research team and sent to the
study central coordinating office (CCO) as source documents. A trained clinician at the
CCO, blinded to treatment allocation, then assesses the accuracy of the report by reviewing
collected medical notes about the event against predefined outcome criteria. The outcome
of such a review is classed in one of three ways: confirmed, where the medical notes
confirm that the reported event occurred; refuted, where the adjudicator finds that the
reported event either did not to occur or was misclassified; and unconfirmed, where based
on the available documentation the adjudicator can neither confirm nor refute the event.
Typically trials place an emphasis on a combination of events that are either confirmed or
unconfirmed, commonly termed unrefuted events. This is the process of adjudication, and

in this thesis is referred to as “adjudicated clinic-based follow-up”.

Some more recent Oxford CTSU trials (e.g. ASCEND which is the focus of CHAPTER 3
and CHAPTER 4) have undertaken a more streamlined remote approach, where instead
of clinic-based interviews, participants are mailed questionnaires assessing whether they
have experienced a new adverse event, this is referred to as “mail-based follow-up” and
“adjudicated mail-based follow-up” after clinical verification. When describing
cardiovascular trial follow-up more broadly, in this thesis “adjudicated direct follow-up”
refers to any form of trial follow-up where the participant or their family/carer/medical

professional are contacted.

1.1.3 The rising costs of conducting cardiovascular trials

Cardiovascular trials have provided reliable evidence for interventions whose widespread
use, in conjunction with increases in smoking cessation and dietary changes, have
contributed to the secular declines in mortality due to CVD.'” For example, in the United
Kingdom (UK) from 1950 to 2010, risk of death from vascular disease in middle-aged men
(35-69 years) has decreased from 22% to 6%.* But with rising levels of obesity and
sedentary lifestyle behaviours, such improvements in cardiovascular health are at risk.'®

Despite the importance of RCTs in reducing the global burden of disease, the rising costs
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of conducting trials threaten our ability to generate new randomised evidence.'%?° Phase
three trials in CVD are the third most costly therapeutic area, with the average per-study
costs equating to about $25.2 million.?! Clinic-based follow-up has become particularly
burdensome and costly, where for a large international trial, hundreds of research staff may
need to be employed in order to both perform face-to-face visits with participants and
manually collect medical documentation about selected adverse events, with further costs
attributed to the verification of participant-reports by clinician adjudicators.?? In addition, due
to incremental improvements in medical interventions having led to CVD events being less
common, cardiovascular trials now need to be much larger to have appropriate statistical
power to detect moderate treatment effects.* For future cardiovascular trials to be feasible,
researchers are now having to consider methods to streamline trial follow-up; one such
potential approach is utilising health data already being recorded during a participant’s
routine care, commonly referred to as routinely collected health data, herein referred to as

“routine data”.

1.2 Routinely collected health data

Routine data are commonly defined as coded health information recorded by the local
health care system during a person’s routine care; these data are recorded not for research,
but primarily for other purposes such as patient care, reimbursement, operational data, and
audits.®® These data differ from a hospital’'s “Electronic Patient Records”, which generally
refers to the coded or free-text information recorded by medical professionals during routine
care and which is accessed by local professionals using their institution’s computer
systems. Routine data which could be particularly valuable for trialists include: data
recorded within hospitals (i.e. secondary care data); data recorded outside of hospital in
community care (e.g. primary care data); disease-specific or mortality registries (e.g.
cancer, deaths); and nationwide audits (e.g. National Diabetes Audit, Sentinel Stroke
National Audit Programme). In some cases the recording of information may be carried out

by doctors/nurses, for example during general practice consultations, while for other data
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such as routinely collected hospital admission records, trained clerical staff (i.e. clinical
coders) transcribe patient discharge summaries into coded information. Examples of
information recorded in these routine datasets include: medical diagnoses and procedures;

vital sign measurements; laboratory results; and prescribing of medications.

1.2.1 Real-world evidence

“Real-world data”, a descriptive term for routine data, are increasingly being used to make
inferences about the safety and efficacy of interventions. Such approaches rely on large
datasets with information on medical intervention use in routine clinical practice. “Real-
world evidence” is used to refer to observational associations between use of the
intervention and outcomes, with inferences about the effects of the intervention
extrapolated from these associations. Such non-randomised analyses cannot fully account
for confounding. For example, use of interventions are not decided at random and there
may be systematic and important differences between those who receive an intervention
vs those who do not. Statistical approaches to control for such biases cannot guarantee
residual confounding is controlled, and so such studies are much less suitable to guide
clinical decision making for interventions with moderate effects than adequately-powered

RCTs.23

1.2.2 Utilisation of routine data for participant follow-up in RCTs

Routine data could instead be used to follow-up participants in RCTs, and in particular, to
ascertain information about important trial efficacy and safety events occurring after
randomisation. For example, in cardiovascular trials, MVEs could potentially be ascertained
through linkage to routinely collected hospital admission and death registry data. These
methods have the potential to substantially streamline trial follow-up as routine data could
substitute for clinic-based follow-up (when face-to-face appointments are not needed), thus
requiring far fewer research staff costs,?* while preserving the key methodological benefit

of random allocation to interventions.
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Although routine data have been collected electronically for several decades, one of the
main challenges for trialists is access to such data.?* Data are commonly stored by
individual hospitals, primary care organisations, ambulance services, disease registries,
and insurance providers. The time and cost of arranging data sharing agreements with each
individual health organisation, even in a small local region, can be incredibly resource
intensive.?® These barriers can be somewhat alleviated in the United Kingdom (UK) as the
UK’s National Health Service (NHS) provides almost all healthcare services to the
population, free at the point of care. Each devolved nation (excluding Northern Ireland)
centrally collects much of its routine data in standardised coded format, meaning a UK-wide
trial would need only a handful of data sharing agreements to enable linkage to participants

living in England, Scotland and Wales.?62’

1.2.3 Routine datasets available in the UK

Currently in England, routine datasets available to researchers from NHS England (the
national data provider) include: death registration; coded hospital data (including
admissions, outpatient appointments, A&E attendances, diagnostic imaging, patient
reported outcomes, and maternity records); community medication dispensing data, mental
health services, and national diabetes audit data (Figure 1.3).28 Primary care data from GP
practices and secondary care prescribing data are available, but only to trials investigating
treatments for COVID-19. As the majority of these nationally collected routine datasets have
either only recently been established, do not record clinical information, or are not available
in all devolved nations, this thesis focuses on the two longest established datasets: routine
hospital admission data and death registration data.?®3® Both datasets have been in
operation since at least the early 1990s and have a long history of nationally standardised

clinical coding practices.3*3’

Death registry data (available from NHS England for England/Wales and National Health
Scotland Central Register) includes all deaths in the UK irrespective of location of death.3233

Every death is certified by a medical professional using the Medical Certificate of Cause of

30



Death. The form includes parts | (a) to (d), with the immediate cause of death in 1(a), with
any antecedent direct causes recorded in 1(b-d) and other contributory causes recorded in
part Il. This certificate is then sent to the national death registry where the causes of death
are coded using the into International Statistical Classification of Diseases and Related
Health Problems 10th revision (ICD-10) and a single Underlying Cause of Death
established using (a now automated) decision making system developed by the World

Health Organisation (WHO) (Figure 1.2).3’

Hospital admission data can be accessed in England via NHS England (in which the dataset
is referred to as Hospital Episode Statistics Admitted Patient Care), Public Health Scotland
via the electronic Data Research & Innovation Service (Scottish Morbidity Records 01), and
the Welsh SAIL Databank (Patient Episode Database for Wales).?*3! These are coded data
transcribed from the patient’s hospital discharge summary by hospital coding teams using
national clinical coding standards (Figure 1.1).3*% In England and Wales, a record is
created for each period of care under an individual consultant (i.e. an episode) during a
hospital admission, while in Scotland only a single record is created for the entire hospital
admission. Examples of information included on the record that may be relevant to trials
include: clinical diagnoses recorded using ICD-10; any medical operations/procedures
(including dates) using OPCS-4; admission method (i.e. emergency or planned); admission,
discharge, and episode start and end dates; and the number of nights the participant stayed

in hospital.

Unlike operations and procedures (for which exact dates are recorded), any diagnosis
recorded in the hospital admission data does not include an onset date or other information
on whether this is a new or old event. For primary prevention cardiovascular trials (i.e. no
prior CVD) this should not be an issue, but for secondary prevention trials (i.e. prior CVD)
it is a challenge to reliably identify whether diagnoses recorded after the randomisation date
represent new events or re-reports of a pre-existing conditions. On each hospital record up

to 20 diagnoses codes can be recorded, in which the code in the first position (i.e. primary
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diagnosis) is generally assumed to be the primary cause of admission (or primary reason
for care during a subsequent episode within that admission), and often a new diagnosis.3
Codes in any other diagnostic position are usually considered to be either contributing
causes of admission or any other comorbidities (and could represent pre-randomisation
diagnoses). In England, since 2003, diagnoses and procedures have been attributed a
particular tariff which contributes to how the hospital gets reimbursed by the government;
this system is referred to as Payment by Results.® It is generally accepted that since the
introduction of these financial incentives coding accuracy has somewhat improved in
England.3° But there are also downsides to such tariffs. Increases/decreases in financial
reimbursements for the recording of particular conditions can have a substantial impact on
how frequently such diseases are recorded in the routine data (i.e. coding shift and coding
drift). Thus disease definitions in the routine data may only be appropriate for particular
reporting time periods.*® ICD-10 is the 10™ revision of the WHO'’s International Statistical
Classification of Diseases and Related Health Problems.** This is a hierarchical medical
classification system where diseases are classified first into volumes, then chapters, down
to four character codes. For example: IX “Disease of the circulatory system” (chapter); 120-
125 “Ischaemic heart diseases” (blocks of categories); 121 “Acute myocardial infarction”
(three-character category); 121.0 “Acute transmural myocardial infarction of anterior wall”
(four-character sub-category). Each category includes an unspecified code (i.e. when
further details about the disease are not specified or do not fit into one of the other sub-
categories); for example, 121.9 “Acute myocardial infarction, unspecified”. The OPCS-4
coding structure used for recording operations and procedures occurring during UK hospital
admissions follows a similar hierarchical structure to ICD-10.4? For example: K “Procedure
relating to the heart”; K43 “Prosthetic replacement of coronary artery”; K43.1 “Prosthetic
replacement of one coronary artery”. Both coding systems are routinely updated but any

amendments/additions are generally minor.
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1.3 Current use of routine data by UK randomised trials

Routinely collected hospital admission and death registry data are often the primary method
of follow-up for large UK observational studies, including UK Biobank*?* and the Million
Women Study**. Despite the wide-spread use of routine data in observational research, the
utilisation of such data in clinical trials remains to be lacking, with recent estimates of about
3% of UK RCTs accessing routine data sources.**4® Commentaries by various trialists have
described barriers including: (1) applying for data access, this can often be a very time
consuming and burdensome process, where each UK nation has very different application
processes and requirements (e.g. the correct wording on patient consent forms); (2) the
timeliness of accessing data, where there are considerable lags (often many months) due
to data only being collected periodically with lengthy data cleaning procedures; (3) data
stability, for example changes in financial reimbursement (i.e. Payment by Results) for
particular diseases can change how frequently the disease is recorded; (4) the complexities
of processing and interpreting such data; and (5) regulatory requirements for clinical trials
to demonstrate the provenance (i.e. detailed records of how the data were recorded) and
integrity (i.e. the consistency and reliability of data throughout the data lifecycle) of all data

used in the trial.#"8

Beyond these barriers, the main concern appears to be the uncertainty about the reliability
of the information recorded in routine data sources, and whether randomised trials can still
provide robust results if participants are followed-up via routine data sources.*® In the
recently completed CORMORANT-UK®? study, trialists and other stake-holders across the
UK were surveyed to identify existing challenges that still needed to be addressed before
UK RCTs could better utilise routine data. Importantly, one of the top seven priority
guestions selected by stake-holders was: “How should the trials community decide when
routinely collected data for outcomes is of sufficient quality and utility to replace bespoke

data collection?” The purpose of this thesis is to investigate whether, for large
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cardiovascular RCTs in the UK, follow-up via routinely collected health data are reliable

enough to be the sole method of follow-up.

1.4 Assessing the reliability of routine data follow-up

The primary analyses in cardiovascular trials typically assess whether (by the end of the
follow-up period) fewer cardiovascular events have occurred in participants allocated to one
treatment (e.g. treatment arm A) compared to those allocated to another (e.g. treatment
arm B). These comparisons either compare two simple proportions (i.e. the proportion of
participants with an event in treatment arm A divided by the same proportion in treatment
arm B), where a risk ratio is estimated, or survival methods are used where the comparison
also takes into account the time-to-event (e.g. days from the randomisation date).5!
Although analytical approaches are available which consider first and any subsequent (i.e.
“recurrent”) events®?, this thesis focuses on the most common approach where only the first
event for each participant is considered (e.g. if during the follow-up period a person has two
distinct myocardial infarction events only the first is counted). For such analyses typically
either parametric methods such as the Cox proportional hazard model are used, or non-
parametric methods such as log-rank methods where no distributional assumptions are
made.>*% Both methods have strengths, with the Cox model able to adjust for additional
covariates to improve precision of the treatment effect estimate, and log-rank methods
perform best at minimising the type Il error rate (i.e. falsely rejecting a real treatment
effect).® This thesis will mainly present analyses using log-rank methods because this was
the analytical approach taken by ASCEND and SHARP (the two main trials analysed in this
thesis), where a rate ratio is estimated. Log-rank methods compare the survival distributions
of two groups (e.g. active treatment arm vs placebo arm). At each time point where an event
occurs the observed (O) and expected (E) number of events in each group and their
variances (V) are calculated. These are summed to generate an overall statistic (i.e. O
minus E divided by V) and exponentiated to calculate the rate ratio. Similarly, statistical

significance differences in the survival distributions can be assessed by comparing the Z

34



statistic (i.e. O minus E divided by the square root of V) to the chi-squared distribution.
Compared to adjudicated direct follow-up (assumed here to be equivalent to the ground-
truth; i.e. all true events have been correctly identified and no false events have been
identified as true events), using routine data as an alternative source of follow-up can
introduce three types of errors: adding false events, where a person without an event is
falsely identified by the routine data as having an event; missing true events, in which a
person with an event is falsely categorised by routine data as not having an event; and an
incorrect event date, where the routine data event date is not the same date reported in
adjudicated direct follow-up. Thus trial participants can be categorised into four mutually
exclusive groups: (1) “outcome in both datasets” (i.e. routine data correctly identified true
events); (2) “outcome in routine data only” (i.e. routine data added false events); (3)
“outcome in adjudicated direct follow-up alone” (i.e. true events not identified by routine
data); and (4) “no such outcome in either dataset’. From such categories, agreement
statistics can be calculated, measuring the participant-level reliability of routine data
compared to adjudicated direct follow-up. These include: sensitivity (i.e. completeness),
calculated by dividing the number of participants with an “outcome in both datasets” by the
total number of participants with an outcome reported via adjudicated follow-up. Specificity
(i.e. accuracy), calculated by dividing “no such outcome in either dataset” by the number of
participants with no such outcome reported via adjudicated follow-up. Positive and negative
predictive values (PPV and NPV) assess, for a given number of participants categorised by
routine data as having or not having a particular outcome, the proportion of such
participants that were correctly categorised. Overall levels of agreement can be measured
using the kappa statistic®®, that takes into account agreement by chance (i.e. expect a
concordance 50% of the time if no agreement), and interpreted using an established
approach®” where 0.01-0.20 is considered to represent slight agreement, 0.21-0.40 fair
agreement, 0.41-0.60 moderate agreement, 0.61-0.80 strong agreement, and 0.80-0.99
very strong agreement. Whilst the kappa statistic is widely used, it has a number of

limitations, including the tendency to underestimate agreement when event rates are high
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and when errors are not equally distributed between false positives and negatives. A
technical overview of analytical approaches used in this thesis can be found in Appendix

1 Statistics of agreement.

The reliability of routine data at a trial-level (i.e. whether the results of a trial would have
been altered if routine data follow-up had been used) can be assessed by re-running the
trial’s randomised comparisons using outcomes derived from routine data follow-up alone,
and comparing the estimated rate ratio with outcomes derived from adjudicated direct
follow-up. Differences between the rate ratios for adjudicated direct follow-up versus routine
data can then be calculated, with 95% confidence intervals derived using bootstrap
methods.®® Finally, where a trial must weigh up the benefits and hazards of a particular
intervention, absolute treatment effect estimates derived from routine data only can be

compared to adjudicated direct follow-up.

1.5 Thesis objectives

The primary aims of this thesis are to investigate, whether for large cardiovascular RCTs in
the UK, follow-up of their primary and secondary outcomes via routinely collected hospital
admission and death registry data: (1) are ascertained as accurately and completely as
adjudicated direct follow-up; and (2) can yield the same estimated treatment effects as
adjudicated direct follow-up (Table 1.1). Secondary aims are: (3) assessing whether clinical
adjudication of direct trial follow-up is necessary; and (4) use simulated data to investigate
the impact on randomised trials more generally of removing true events and adding false

events, as may happen if routine data are used for follow-up.

1.6 Summary of randomised trials analysed

This thesis presents findings from the analysis of two large cardiovascular trials in people

with diabetes and CKD conducted by Oxford CTSU. These trials are introduced below.
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1.6.1 The ASCEND trial

The ASCEND (A Study of Cardiovascular Events in Diabetes)’* study was a randomised
double-blind trial in UK adults with diabetes but no prior vascular disease, using a 2x2
factorial design to low-dose aspirin (100 mg once per day) versus placebo, and separately
to omega-3 fatty acids (1 g once per day) versus placebo. Between 2005 and 2011, 15,480
participants were randomised, with mean follow-up of 7.4 years and ended in 2017. The
principal method of direct participant recruitment and follow-up was by mailed
guestionnaires (paper and, in later years of the follow-up period for some participants,

electronic) every 6-months until the end of the trial.

The primary efficacy assessment was time to first serious vascular event (SVE; a composite
of non-fatal MI, presumed ischaemic stroke or transient ischaemic attack [TIA], and
vascular death [excluding intracranial haemorrhage]). A secondary assessment was time
to first SVE or any arterial revascularisation. The primary safety assessment for the aspirin
comparison was time to first major bleeding event (a composite of any intracranial
haemorrhage, sight-threatening eye bleeding, serious gastrointestinal bleeding [including
upper, lower or unspecified bleeding, and perforation], and other major bleeding [including
epistaxis, haemoptysis, haematuria, vaginal, and other bleeding]). More than 90% of the

SVEs and major bleeding events included in the analysis were verified by adjudicators.

The ASCEND trial’'s main results were published®® in 2018. The trial found that compared
to placebo, allocation to aspirin reduced SVEs by 12% (95% confidence interval [Cl] 3% to
21%; 658 participants [8.5%)] aspirin vs. 743 [9.6%] placebo), but increased the major
bleeding risk by 29% (95% CI 9% to 52%; 314 [4.1%] vs 245 [3.2%]), thus the benefits of
aspirin were largely counterbalanced by the bleeding hazard. For the fatty acids comparison
no difference in SVEs was observed between the two groups (rate ratio [RR] 0.97; 95% ClI

0.87 to 1.08).
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In addition to ASCEND'’s adjudicated mailed-based follow-up data, written informed consent
was obtained from participants to allow access to their routinely collected data. This
included linkage to death registry data and routinely collected hospital admission data.
Routine data was available for almost all ASCEND participants (15,436 [99.7%)]), with the
exception of 44 participants living in Northern Ireland where linkage was not possible due

to a lack of national registry data.

1.6.2 The SHARP trial

The SHARP (Study of Heart and Renal Protection)!®!! study was a randomised double-
blind trial in people with moderate-to-severe chronic kidney disease (CKD) with no history
of MI or coronary revascularisation. Between 2003 and 2006, 9,270 participants were
randomly assigned to simvastatin 20 mg plus ezetimibe 10 mg daily versus matching
placebo. Median follow-up was 4.9 years and ended in 2010. SHARP used clinic-based
follow-up, in which participants were seen at 2, 6, and 12 months after randomisation, and

then every 6 months.

The primary efficacy assessment was time to first major atherosclerotic event (MAE),
defined as non-fatal Ml or coronary death (together referred to as major coronary events),
non-haemorrhagic stroke (ischaemic and unknown subtypes combined), or arterial
revascularisation (coronary or non-coronary, excluding dialysis access). SHARP’s renal
outcome included start of maintenance kidney replacement therapy (KRT), which includes

initiation of maintenance dialysis or receipt of a kidney transplant.

The SHARP trial’s main results were published!! in 2011. They found that compared to
placebo, allocation to simvastatin and ezetimibe reduced LDL cholesterol by an average of
0.85 mmol/L and reduced risk of MAE by 17% (95% CI 6% to 26%; 526 [11.3%)]
simvastatin/ezetimibe vs 619 [13.4%] placebo). In the subset of 6,247 participants not on
dialysis at baseline, study treatment had no effect on risk of needing to start KRT (1057

[33.9%] vs 1084 [34.6%]; RR 0.97, 95% CI 0.89 to 1.05).
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In addition to SHARP’s adjudicated clinic-based follow-up data, written informed consent
was obtained from participants to allow access to their routinely collected data. This
included linkage to death registry data and routinely collected hospital admission data.
Routine data was available for 1,574 (17.0% of the total randomised cohort) SHARP

participants living in England.

1.7 Overview of the thesis

This thesis starts with a systematic review (CHAPTER 2) to summarise the current literature
and identify knowledge gaps in the understanding of how reliable UK routine data are at

ascertaining cardiovascular outcomes compared to adjudicated direct follow-up in RCTs.

CHAPTER 3 and CHAPTER 4 present the results from analyses using data from the
ASCEND primary prevention trial (i.e. people with diabetes and no prior vascular disease
at baseline), where due to the study having obtained linkage to routine hospital admission
and death registry data, the reliability of routine data at ascertaining serious vascular events
(CHAPTER 3) and major bleeding events (CHAPTER 4) can be assessed by comparing
these data to adjudicated mail-based follow-up. As the majority of the trial’s participants
were successfully linked to their routine data, the ASCEND trial's main randomised
comparisons were re-run based on the hypothetical scenario that the trial had relied solely
on routine data follow-up. The secondary objective of these two chapters was to assess
whether clinical adjudication of streamlined mail-based follow-up approaches is necessary;
this is a particularly important question for trials conducted in countries or clinical settings

where routine data are not easily accessible.

CHAPTER 5 investigates the reliability of routine data at ascertaining major atherosclerotic
events and initiation of kidney replacement therapy in a CKD population using a subset of
the SHARP cohort living in England, with the secondary objective to assess whether
adjudication of clinic-based follow-up is necessary. This is an important question because

atherosclerotic events can present very differently in people with CKD, particularly those on
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maintenance kidney replacement therapy®®°, thus reliable ascertainment of events can be

more challenging.

Beyond the particular examples in ASCEND and SHARP, in CHAPTER 6 simulation
methods are used to investigate more generally the effects on RCTs of removing true

events and adding false events, as may happen if routine data are used for follow-up.

Finally CHAPTER 7 summarises the key findings from the thesis, interprets the results,
provides recommendations for researchers conducing streamlined RCTs, and sets out

direction for future research.
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Chapter 1 Tables and figures

Tables/Figures Title

Table 1.1

Figure 1.1

Figure 1.2

Figure 1.3

Thesis aims

Methods of adjudicated direct follow-up and routine data follow-up in

randomised trials for participant hospitalisations

Methods of adjudicated direct follow-up and routine data follow-up in
randomised trials for participant deaths

Routinely collected health data accessible to researchers from NHS
England in 2023
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Table 1.1 Thesis aims

PRIMARY AIMS:

Aim 1: To measure how accurate and complete routine data follow-up are at ascertaining

outcomes compared to adjudicated direct follow-up in large cardiovascular trials

1.1 Serious vascular events and major bleeding events in people with diabetes and no prior

vascular disease

1.2 Major atherosclerotic events and kidney replacement therapy in people with CKD and no

prior myocardial infarction or coronary revascularisation

Aim 2: To assess whether, for large UK primary-prevention cardiovascular trials in people
with diabetes, outcomes ascertained via routine data follow-up can yield the same
estimated treatment effects as adjudicated direct follow-up

2.1 Serious vascular events
2.2 Major bleeding events
SECONDARY AIMS:

Aim 3: To assess whether clinical adjudication of direct trial follow-up is necessary in

large cardiovascular trials

2.1 Mail-based follow-up of serious vascular events and major bleeding events in people with

diabetes

2.2 Clinic-based follow-up of major atherosclerotic events and kidney replacement therapyin
people with CKD

Aim 4: Use simulated data to investigate the impact on randomised trials more generally

of removing true events and adding false events
Trial components to investigate:
3.1 Treatment effect magnitude

3.2 Sample size

CKD = Chronic kidney disease. UK = United Kingdom.
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Figure 1.1 Methods of adjudicated direct follow-up and routine data follow-up
in randomised trials for participant hospitalisations
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Figure 1.2 Methods of adjudicated direct follow-up and routine data follow-up

in randomised trials for participant deaths
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Figure 1.3 Routinely collected health data accessible to researchers from NHS
England in 2023
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CHAPTER 2  Systematic review of studies assessing the
reliability of UK routinely collected data at ascertaining
cardiovascular and bleeding outcomes compared to adjudicated

direct follow-up in randomised trials

Chapter summary

Aims: This systematic review aims to summarise the current literature and identify
knowledge gaps on the reliability of UK routine data to ascertain cardiovascular outcomes

compared to adjudicated direct follow-up in RCTs.

Methods: MEDLINE and Embase were searched between 1%t January 2010 and 12"
August 2022 using a search strategy and selection criteria to identify studies assessing the
reliability of UK routine data at ascertaining outcomes compared to trial follow-up data.
Information was extracted on the trial’s design, routine data linkage, agreement statistics,

and re-run randomised comparisons using routine data follow-up.

Results: The systematic search identified 753 articles, after screening, eleven studies were
found to satisfy the selection criteria, three of which investigated cardiovascular outcomes.
These included: (1) the WOSCOPS (West of Scotland Coronary Prevention Study) double-
blind trial placebo controlled trial of pravastatin in 6595 men, living in Scotland, with no
history of MI, conducted between 1989 and 1995; (2) the HPS (Heart Protection Study)
double-blind placebo controlled trial of simvastatin in 20536 adults with prior coronary
disease, other occlusive arterial disease, or diabetes, conducted between 1994 and 2001,
with routine data linkage available for 18241 participants living in England only; (3) the
HEART-PPCI (The How Effective are Antithrombotic Therapies in Primary Percutaneous
Coronary Intervention) open-label intervention trial of herparin vs bivalirudin in 1812 adults,

living in England, with suspected ST-elevation myocardial infarction, conducted between
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2012 and 2013 (with 28-days participant follow-up). No studies were identified that

assessed kidney disease outcomes.

Compared to adjudicated direct follow-up, there was strong agreement for routine data
ascertained revascularisations (sensitivity 83%, positive predictive value [PPV] 84%). While
for non-fatal Ml and stroke outcomes, agreement was moderate (sensitivity ranged from
59% to 74%, PPV 48%-62%), and improved in populations without a prior Ml or stroke
(sensitivity 72%-81%, PPV 68%-94%). For the major bleeding outcome, routine data
identified events (using any code in any hospital admission) compared to adjudication
defined major bleeding using BARC (Bleeding Academic Research Consortium) score 3-5
was shown to have moderate completeness (sensitivity 65%) but poor accuracy (PPV
45%). In which routine data follow-up overestimated the number of major bleeding events

that occurred in the trial by 43% (adjudicated data 222 vs routine data 318).

In the Heart Protection Study, when randomised comparisons were re-run using routine
data only, for major vascular events (including non-fatal myocardial infarction, coronary
death, stroke, or any revascularisation), there were no important differences in relative
treatment effect estimates compared to adjudicated direct follow-up (adjudicated follow-up:
simvastatin 1464 [16.0%)] vs placebo 1925 [21.1%]; risk ratio (RR) 0.73, 95% confidence
interval [Cl] 0.68-0.77; versus routine data: 1549 [17.0%] vs 2038 [22.4%]; RR 0.74, 95%
CI1 0.69-0.79). Similarly, in the WOSCOPS trial, for major coronary events (including non-
fatal Ml and coronary heart disease death), comparted to adjudicated direct follow-up,
relative treatment effect estimated using routine data follow-up were similar (adjudicated
follow-up: pravastatin 215 events [6.5%] vs placebo 295 [8.9%]; hazard ratio [HR] 0.71,
95% CI 0.56-0.85; versus routine data: 121 [3.7] vs 195 [5.9%]; HR 0.61, 95% CI 0.49-
0.76). However, it was notable that 38% (316/510) of adjudicated events were not identified

in the Scottish routine data.

These studies had a number of limitations: (1) WOSCOPS and HPS assessed old routine

data recorded over two decades ago (i.e. 1989-2001) and HEART-PPCI followed-up
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participants for only 28 days; (2) these studies did not investigate whether the reliability of
such data were consistent across UK nations, and in populations where atherosclerotic
events present atypically (e.g. people with moderate-to-severe chronic kidney disease); and
(3) no differentiation was made between major and minor bleeding events recorded in the
routine data, thus limiting relevance to anti-thrombotic trials where major bleeding if often

the primary safety outcome.
Conclusions:

In summary, this systematic review identified three studies that compared cardiovascular
and bleeding outcomes ascertained via UK routine data with adjudicated direct follow-up,
two of which assessed old routine data collected over two decades ago (i.e. 1989-2001),
and the other followed-up participants for only 28 days. The previous evidence is therefore
limited in terms of the numbers of studies and the reliance on data which is two decades
old. The available published data raise the hypothesis that routine data could be used for
trial follow-up for cardiovascular outcomes. Agreement between data sources was strong
for revascularisations, and moderate for Mls and strokes. Re-running randomised
comparisons using routine data only in two studies provided relative treatment effect
estimates similar to adjudicated direct follow-up. For major bleeding events, routine data
showed moderate completeness but accuracy was low, as the study made no differentiation
between major and minor bleeding events recorded in the routine data. No studies were
identified that assessed kidney disease outcomes. This thesis will aim to address some of

these gaps in the evidence.
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2.1 Introduction

The increasing complexity and costs of conducting trials threaten our ability to generate
new randomised evidence.'® Routinely collected data could be used to streamline trial
follow-up as it could potentially substitute for traditional trial follow-up methods of face-to-
face visits at local research clinics.?? However, there remains considerable uncertainty
about whether information derived from routine data follow-up are reliable enough to be
used in randomised trials.?* A systematic review of studies (including those conducted
outside of the UK) assessing the reliability of routinely collected data at ascertaining
cardiovascular outcomes compared to trial follow-up has already been conducted by
Rodrigues et al®l. However, the review may have missed important UK studies, as: (1) it
only included published studies up to August 2020; and (2) did not use search terms
specifically relating to UK routine data sources. The systematic review presented in this
thesis therefore aims to provide a rigorous, up-to-date, summary of the current literature on
the reliability of UK routinely collected data at ascertaining cardiovascular outcomes
compared to adjudicated direct follow-up in randomised trials, and identify existing

knowledge gaps.
2.2 Methods

2.2.1 Search strategy and selection criteria

A systematic search was conducted in MEDLINE and Embase including articles published
between 1%t January 2010 and 12" August 2022, and followed PRISMA (Preferred
Reporting Iltems for Systematic Reviews and Meta-Analyses) guidelines (see the completed
checklist in Supplemental Table 2.1; databases were selected based on established
approaches used by previous systematic reviews in this field).6%52 The search terms and
strategy are outlined in full within the protocol (see Appendix 2 Systematic review
protocol); briefly, for an article to have satisfied the search strategy it must have included

a randomised trial term, routine data source term (either a specific dataset, or non-specific
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routine data term with reference to data linkage), and a term referencing a method of
comparison between data sources. After duplicate articles were removed, each article’s title
and abstract were screened by a single reviewer in order to exclude any study where there
was no comparison between randomised trial direct follow-up and routine data for the
reliable ascertainment of trial outcomes. For the remaining articles full text screening was
then conducted to exclude studies investigating non-UK routine data sources. Finally, the
studies selected for review were categorised by whether they investigated cardiovascular

or non-cardiovascular outcomes.

2.2.2 Data extraction

Information from each full-text article was extracted including: the original trial’s design; trial
participant characteristics, particularly prior diseases at baseline; routine data linkage (i.e.
number of participants linked, time-period where linkage was available, and routine
datasets used); algorithms used to define the outcomes (e.g. primary or secondary
diagnostic position on the hospital record); criteria for an event to be considered a “match”
between the two data sources (e.g. <14 days difference); trial outcomes investigated; and

method used to assess the reliability of routine data follow-up.

For studies investigating cardiovascular outcomes, agreement statistics (i.e. statistics to
assess how accurate and complete routine data are at ascertaining trial outcomes
compared to trial follow-up) were extracted, including: sensitivity, specificity, PPV, NPV and
kappa statistics (see Appendix 1 Statistics of agreement).®® Where studies re-ran
randomised comparisons using routine data follow-up as the sole source of outcome data,
data was extracted on: the number of participants by trial arm, the number of events by trial
arm, and the relative treatment effect estimates (e.g. rate ratio or hazard ratio) including its

95% confidence interval.
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2.3 Results

2.3.1 Study selection

Of the 753 studies identified from the systematic search (MEDLINE: 383; Embase: 370),
352 were duplicates, 332 were not randomised trials, and 47 trials were either not linked to
a routine data source (n=24), linked but no comparison against the original trial data (n=10),
and 13 trials investigated the validity of routine data for purposes other than ascertaining
trial outcomes (for example, recruitment processes and participant baseline characteristics;
Figure 2.1). Among the 22 studies that underwent full text screening, 11 trials were
excluded as they were linked to non-UK routine data sources, and the article documenting
the analysis of serious vascular events® in the ASCEND trial presented in CHAPTER 3 of
this thesis was also excluded. In addition to the 10 studies identified from the systematic
search, the DPhil candidate’s supervisors were aware of an additional study included in
another recently submitted DPhil thesis within the department. After a full-text review it was
decided that the study satisfied the criteria to be included in the systematic review.
Therefore, in total, eleven articles were included in the systematic review. Three
investigated cardiovascular and bleeding outcomes, including: the West of Scotland
Coronary Prevention Study®*® (WOSCOPS), Heart Protection Study®>® (HPS), and How
Effective are Antithrombotic Therapies in Primary Percutaneous Coronary Intervention®’:8
(HEART-PPCI); and eight studies®®® investigated non-cardiovascular outcomes. No

studies were identified that assessed kidney disease outcomes.

2.3.2 Study characteristics

The WOSCOPS®4® trial (conducted between 1989 and 1995 in Scotland) was a double-
blind placebo controlled randomised trial of pravastatin in 6595 men aged 45-64 years with
high low-density lipoprotein cholesterol and no history of Ml (i.e. a primary prevention trial;
Table 2.1). The trial’s primary outcome was any major coronary event (MCE), a composite

of non-fatal myocardial infarction and coronary heart disease (CHD) death. The trial used
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clinic-based follow-up and primary/secondary outcomes were verified by clinical
adjudication. All trial participants were successfully linked to their routine hospital admission
data (Scottish Morbidity Records 01°°) and death registry data® for the full duration of the
trial’s follow-up period. Non-fatal myocardial infarctions and strokes were identified using a
list of ICD-9 codes (Supplemental Table 2.2) using any diagnostic position on the hospital

record, while coronary death was identified using the underlying cause on the death record.

The Heart Protection Study®2%® study (conducted between 1994 and 2001 in the UK) was
a double-blind placebo controlled randomised trial of simvastatin in 20536 adults aged 40
to 80 years with prior coronary disease, other occlusive arterial disease, or diabetes (i.e. a
secondary prevention trial; Table 2.1). The trial’s primary outcome was all-cause mortality
and one of the trial’'s secondary outcomes was any major vascular event (MVE; including
non-fatal Ml, coronary death, stroke, or any revascularisation). The trial used clinic-based
follow-up and primary/secondary outcomes were verified by clinical adjudication. Trial
participants living in England (n=18241) were linked to their routine hospital admission data
(Hospital Episode Statistics Admitted Patient Care®'), however, data were only available
from 1997 to 2001 as national collection of routine hospital data in England only started in
1997. For coronary deaths, the HPS study®? used adjudicated death data both in its
adjudicated direct follow-up and routine data follow-up. Non-fatal MIs and strokes were
identified using a list of ICD-10 codes (Supplemental Table 2.2) in any diagnostic position
on the hospital record. Revascularisations were identified using a list of OPCS-4 codes in

any position.

The HEART-PPCI®"8 study (conducted between 2012 and 2013 in England) was an open-
label intervention trial of herparin vs bivalirudin in 1812 adults with suspected ST-elevation
myocardial infarction (STEMI) scheduled for an angiography (i.e. an acute secondary
prevention trial; Table 2.1). The trial’s primary outcome was major adverse ischaemic
events at 28 days, a composite of all-cause mortality, cerebrovascular accident,

reinfarction, or unplanned target lesion revascularisation. The primary safety outcome was
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major bleeding, defined as types 3 to 5 as per the Bleeding Academic Research
Consortium?’ (i.e. requiring a blood transfusion, drop in haemoglobin, surgical intervention,
intravenous vasoactive treatment, intracranial haemorrhage, or intraocular bleeding
compromising vision). The trial tracked participants during their index admission using
hospital medical notes and contacted participants via telephone after discharge. The trial’s
primary/secondary outcomes were verified by clinical adjudication. Trial participants
(n=1754) with complete personal identifiers were linked to their Hospital Episode Statistics
Admitted Patient Care®® data for the 28 day follow-up period. Recurrent myocardial
infarctions, strokes and bleeding events (which included codes for anaemia) were identified
using a list of ICD-10 codes (Supplemental Table 2.2) using any diagnostic position on the
routine hospital record. A detailed overview of the 8 non-cardiovascular studies can be

found in Supplemental Table 2.3.

2.3.3 Agreement between routine data and adjudicated direct follow-up for

cardiovascular and bleeding outcomes

For MI, agreement between routine data and adjudicated direct follow-up appeared to vary
substantially between studies. In the HEART-PPCI trial where participants were admitted
with a suspected M, routine data identified recurrent MI (during the same admission as the
first MI) had a sensitivity of 3% and 6% PPV. In the HPS trial, where 41% of participants
had a previous MI, sensitivity was 74% and 62% PPV. For WOSCOPS, where no
participants had a prior MI, compared to adjudicated data restricted to hospitalised Mls only,

routine data were found to have 81% sensitivity and 94% PPV.

Similarly, for stroke, routine data showed better agreement in trials where no participants
had a prior stroke and adjudicated data were restricted to hospitalised event only. For
example, in the HPS trial, where 19% of participants had a prior stroke/TIA and adjudicated
data included strokes occurring both within and outside of hospital, routine data had a
sensitivity of 59% and 48% PPV. For HEART-PPCI and WOSCOPS, where no participants

had a prior stroke and adjudicated data were restricted to hospitalised strokes only, routine
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data had moderate-to-high sensitivity (WOSCOPS 72%; HEAR-PPCI 73%) and PPV
(WOSCOPS 68%; HEART-PPCI 94%). For revascularisations, routine data had both high

sensitivity (83%) and PPV (84%).

For the major bleeding outcome, routine data identified events (using any bleeding/anaemia
code in any hospital admission) compared to adjudication defined major bleeding using
BARC’” (Bleeding Academic Research Consortium) score 3-5 was shown to have
moderate completeness (sensitivity 65%) but low accuracy (PPV 45%). In which routine
data follow-up overestimated the number of major bleeding events that occurred in the trial
by 43% (adjudicated data: major bleeding events 222, vs routine data: 318). Results for the

eight non-cardiovascular studies can be found in Supplemental Table 2.3.

2.3.4 Randomised comparisons for major vascular and major coronary events using

routine data follow-up

In the HPS trial, for the composite outcome of any MVE, compared to adjudicated direct
follow-up (simvastatin 1549 [17.0%] vs placebo 2038 [22.4%]; RR 0.73, 95% CI CI 0.68-
0.78), randomised comparisons re-run using routine data only provided similar relative
treatment effect estimates (0.74, 95% CI 0.69-0.79; 1464 [16.0%] vs 1925 [21.1%)]; Figure
2.2). These findings were consistent for all components of the MVE outcome. Similarly, in
the WOSCOPS trial, for the any major coronary event outcome, relative treatment effect
estimates using routine data only (pravastatin 121 [3.7] vs placebo 195 [5.9%]; hazard ratio
[HR] 0.61, 95% CI 0.49-0.76) were consistent with adjudicated direct follow-up (215 events
[6.5%] vs 295 [8.9%]; HR 0.71, 95% CI 0.56-0.85; Figure 2.3). However, overall event
numbers were found to be 38% lower (316/510) in the routine data compared to adjudicated

direct follow-up.

2.4 Discussion

This systematic review identified three studies that investigated the reliability of UK routine

data in ascertaining cardiovascular and bleeding outcomes compared to adjudicated trial
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follow-up, and none that assessed kidney disease outcomes. In total, these studies
included: 965 adjudicated Mls; 737 strokes; 1529 revascularisations; and 222 major
bleeding events. For any revascularisations agreement was found to be strong. For Ml and
stroke events, agreement between routine data and adjudicated follow-up varied
substantially, with routine data performing best in trials studying populations with no prior
vascular disease (i.e. primary prevention). Presumably because the diagnostic codes
recorded in routinely collected hospital admission data makes it challenging to differentiate
between “old” and “recurrent” events. Nevertheless, relative treatment effects estimated
using routine data alone were generally similar to adjudicated direct follow-up. However,
these analyses were based on old routine data recorded over two-decades ago (i.e. 1989-
2001), so its findings may be of limited relevance to trials currently in development. For
major bleeding events, routine data showed moderate completeness but accuracy was low,
as the study made no differentiation between major and minor bleeding events recorded in
the routine data. Therefore, although the findings from these studies indicate that there is
potential for UK routine data to be utilised by cardiovascular trials, further research, such
as that presented in this thesis, are necessary to develop a strong evidence base to inform

the design of future cardiovascular trials.

This systematic review builds on work conducted by Rodrigues et al®', who conducted a
review of studies (including in non-UK countries) assessing the reliability of routine data
compared to adjudicated trial follow-up for cardiovascular outcomes (published prior to
August 2020). Rodrigues et al®! found that relative treatment effects estimated using routine
data were similar to adjudicated direct follow-up, with these findings being consistent across
countries (e.g. US, Denmark, UK) and outcomes (e.g. cardiovascular mortality, MI, stroke).
The systematic review undertaken by the DPhil candidate identified two important additional
studies (HEART-PPCI®" published in the later part of 2020, and un-published HPS data®?)
not included in the previous review. These additional UK studies provided important data

showing how routine data may be more reliable at identifying first (rather than recurrent)
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cardiovascular events, and HEART-PPCI was the first study to assess the reliability of major

bleeding events ascertained via UK routine data follow-up.

For MI and stroke outcomes, this systematic review has highlighted how routine data
agreement can vary substantially depending on whether trial participants have prior
vascular disease. As outlined in CHAPTER 1, routine hospital admission data can include
up to 20 ICD-10 diagnosis codes, in which the primary diagnosis tends to indicate the
primary reason for admission, yet there is limited information that indicates the temporality
of the diagnosis. In the UK studies included in this review the accuracy of the routine data
(i.e. how many participants were falsely identified as having an MI) varied substantially
depending on how many trial participants had a prior MI. Using PPV as a measure of
accuracy, in WOSCOPS® where no participants had a prior Ml this was estimated at 94%,
62% for HPS®2 where just under half (i.e. 41%) of participants had a prior MI, and 6% in
HEART-PPCI®” where all participants had a suspected MI. Nonetheless, despite the
apparent over counting of non-fatal Mls by routine data follow-up in the HPS trial, there
appeared to be little impact on relative treatment effect estimates. Thus indicating that the
very high threshold set by trialists when assessing the accuracy and completeness of
routine data may be unnecessarily strict and that small-to-moderate levels of random error

may have little effect on a trial’s results.?

The HEART-PPCI® trial was the only study to investigate major bleeding events, a safety
outcome commonly assessed in anti-thrombotic cardiovascular trials. Major bleeding
events ascertained using routine data follow-up, had good sensitivity but low accuracy, in
which routine data follow-up appeared to overestimate the number of major bleeding events
that occurred in the trial by almost 50%. However, the study had substantial limitations, as
definitions of major bleeding were very different between adjudicated direct follow-up that
used a BARC"" score 3-5 (i.e. requiring a blood transfusion, drop in haemoglobin, surgical
intervention, intravenous vasoactive treatment, intracranial haemorrhage, or intraocular

bleeding compromising vision) and routine data, where any bleeding or anaemia code in
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any diagnostic position was used. Importantly, the study did not investigate whether an
algorithm could be developed that may allow for the categorisation of routine data identified

bleeding into major and minor events, or re-run randomised comparisons.

This systematic review had a number of limitations, most notably the inability to assess for
publication bias. Trial methodological research is often not a priority to publish for trialists
or journals (as it is a means to an end), therefore although routine data comparisons may
have been carried out, very often they may not have been published or disseminated
outside of research groups and not been subject to peer review. We also recommend that
the Cochrane risk of bias tool be expanded to also asses methodological studies within
trials, this has the potential to encourage better and more consistent reporting standards in
this area where current this is lacking.”® This is particularly the case when the results may
indicate routine data being a poor substitute for adjudicated direct follow-up. Furthermore,
few UK trials have yet linked to routine data sources, thus this area of research is still at its

early stages.

The findings from this review were also limited because two studies assessed old routine
data recorded over two decades ago (WOSCOPS® 1989-1995; HPS®¢ 1997-2001). In the
1990s nationally collected healthcare data were only in its infancy’®, with national clinical
coding standards and payment by results not yet in force.3-3¢ Over the past two decades
the accuracy and completeness of diagnoses and procedures recorded in routinely
collected hospital admission data are likely to have substantially improved.*® An example
of such improvements are that stroke subtypes (i.e. haemorrhagic and ischaemic) are now
more accurately recorded whilst in the late 1990s (as seen in the HPS study) strokes were
most commonly coded as “stroke unspecified”.8%8! Additionally, in the HEART-PPCI study®’
no differentiation was made between major and minor bleeding events recorded in the
routine data, thus limiting its relevance for antithrombotic trials where major bleeding if often
the primary safety outcome. Finally, these studies were not able to investigate whether the

reliability of such data were consistent across UK nations, and in populations where

57



atherosclerotic events present atypically (e.g. people with moderate-to-severe chronic
kidney disease). These are important questions for large UK-wide trials wanting to test

interventions in diverse populations.

This thesis therefore aims to address these limitations by:

Investigating the reliability of cardiovascular outcomes ascertained using modern up-to-

date routine data sources, across UK nations.

e Developing a routine data algorithm to accurately categorise bleeding events as major
or minor.

e Assessing the reliability of routine data ascertained cardiovascular outcomes in
populations where presentation of such events are atypical, for example in people with
moderate-to-severe chronic kidney disease.

e Investigate whether the kidney replacement therapy outcome can be reliability

ascertained from UK routine data.

2.5 Summary

In summary, this systematic review identified three studies that compared cardiovascular
and bleeding outcomes ascertained via UK routine data with adjudicated direct follow-up,
two of which assessed old routine data collected over two decades ago (i.e. 1989-2001),
and the other followed-up participants for only 28 days. Nevertheless, for cardiovascular
outcomes, agreement between data sources was strong for revascularisations, and
moderate for Mls and strokes. Re-running randomised comparisons using routine data only
provided relative treatment effect estimates similar to adjudicated direct follow-up. For
major bleeding events, routine data showed moderate completeness but accuracy was low,
as the study made no differentiation between major and minor bleeding events recorded in
the routine data. No studies were identified that assessed kidney disease outcomes. This

thesis will aim to address some of these gaps in the evidence.
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Chapter 2 Tables and figures

Tables/Figures Title

Table 2.1

Table 2.2

Figure 2.1

Figure 2.2

Figure 2.3

Summary of studies selected for systematic review

Agreement between routine data and adjudicated direct follow-up in

three studies investigating cardiovascular and bleeding outcomes

Flow chart of study selection for systematic review

Effect of allocation to simvastatin vs placebo on any major vascular

event using routine data follow-up in the HPS trial

Effect of allocation to simvastatin vs placebo on any major coronary

event using routine data follow-up in the WOSCOPS trial
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Figure 2.1 Flow chart of study selection for systematic review

Records identified though
MEDLINE
(n=383)

Records identified through

Embase
(n=370)

Records after duplicates removed
(n=401)

Reason for exclusion*

- Not RCT (n=332)

- RCT not linked to routine data
(n=24)

- RCT linked but no comparison
(n=10)

- RCT linked but no comparison
of follow-up data (n=13)

Studies conducted a comparison between
randomised clinical trial data and routine
data follow-up*

(n=22)

A 4

Non-UK routine data used**
- United States (n=9)

- Canada (n=1)

- Denmark (n=1)

Excluded the published
ASCEND cardiovascular
analyses as it is presented in
chapter 3 (n=1)

Studies investigated United Kingdom
routinely collected data sources**
(n=10)

Studies included in systematic review
(n=11)

DPhil thesis identified by

supervisors** (n=1)

Cardiovascular outcomes**
(n=3) - Cancer (n=4)

- Self-harm (n=1)
- COPD (n=1)

- Neonatal (n=1)
- Epilepsy (n=1)

Non-cardiovascular outcomes**

*Titles and abstract screened. **Full text screened. Search included articles published between 1st

January 2010 and 12th August 2022. COPD = Chronic obstructive pulmonary disease. RCT =

Randomised controlled trial.
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Figure 2.2 Effect of allocation to simvastatin vs placebo on any major vascular

event using routine data follow-up in the HPS trial

Simvastatin
(n=9127)

Placebo
(n=9114)

Adjudicated direct follow-up W
Routine data follow-up [l

Rate ratio (95% CI)

Non-fatal myocardial infarction
Any myocardial infarction

Non-fatal stroke
Haemorrhagic stroke

Ischaemic stroke

Any stroke

Revascularisation
Coronary revascularisation

Non-coronary revascularisation

Any revascularisation

Any major vascular event

247 (2.7%)
313 (3.4%)

23 (0.3%)
39 (0.4%)
197 (2.2%)
102 (1.1%)
273 (3.0%)
392 (4.3%)

373 (4.1%)
349 (3.8%)
324 (3.5%)
334 (3.7%)
665 (7.3%)
676 (7.4%)

1464 (16.0%)
1549 (17.0%)

421 (4.6%)
481 (5.3%)

24 (0.3%)
42 (0.5%)
302 (3.3%)
135 (1.5%)
381 (4.2%)
519 (5.7%)

521 (5.7%)
478 (5.2%)
397 (4.4%)
417 (4.6%)
864 (9.5%)
874 (9.6%)

1925 (21.1%)
2038 (22.4%)

0.62 (0.53-0.72)
0.64 (0.56-0.74)

0.92 (0.52-1.63)

"o “'H'H H‘“

0.92 (0.59-1.42)
0.67 (0.58-0.79)
0.73 (0.57-0.95)
0.68 (0.59-0.80)
0.74 (0.65-0.85)

0.69 (0.60-0.79)
0.72 (0.63-0.82)
0.78 (0.67-0.90)
0.79 (0.68-0.91)
0.75 (0.68-0.83)
0.74 (0.67-0.82)

0.73 (0.68-0.78)
0.74 (0.69-0.79)

05

T
0.7
Simvastatin
better

T
112 16
Placebo

better

For coronary deaths, the study did not conduct comparisons between adjudicated direct follow-up

and routine data follow-up, therefore no rate ratios for this outcome were available. Cl = Confidence

interval. HPS = Heart Protection Study.
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Figure 2.3 Effect of allocation to simvastatin vs placebo on any major

coronary event using routine data follow—up in the WOSCOPS trial

Pravastatin
(n=3302)

Placebo
(n=3293)

Adjudicated direct follow-up W

Routine data follow-up [l

Hazard ratio (95% CI)

Non-fatal myocardial infarction

CHD death

Any major coronary event

CHD = Coronary heart disease.

Prevention Study.
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182 (5.5%)
87 (2.6%)

41 (1.2%)
40 (1.2%)

215 (6.5%)
121 (3.7%)

246 (7.5%)
143 (4.3%)

61 (1.9%)
56 (1.7%)

295 (9.0%)
195 (5.9%)

S — 0.73 (0.60-0.88)

— 0.60 (0.46-0.78)

0.67 (0.45-0.99)

0.71 (0.47-1.06)

——— 0.71 (0.56-0.85)
—~— 0.61 (0.49-0.76)
T T 1
06 08 1 12

Pravastatin Placebo

better

better

Cl = Confidence interval. WOSCOPS = West of Scotland Coronary



CHAPTER 3 Comparison of routinely collected UK data with
adjudicated direct follow-up: analyses of serious vascular events

from the ASCEND randomised trial

This chapter was published in JAMA Network Open:

Harper C, et al. Comparison of the Accuracy and Completeness of Records of Serious
Vascular Events in Routinely Collected Data vs Clinical Trial-Adjudicated Direct Follow-up
Data in the UK: Secondary Analysis of the ASCEND Randomized Clinical Trial. JAMA

Network Open 2021; 4(12): e2139748-€.

Chapter summary

Aims: To assess, in people with diabetes and no prior vascular disease, (1) how reliable
UK routine data are for ascertaining serious vascular events compared with adjudicated
direct follow-up data, and (2) the impact of adjudication on mail-based follow-up of serious

vascular events.

Methods: The ASCEND (A Study of Cardiovascular Events in Diabetes) primary prevention
trial randomised 15480 UK people with diabetes between 2005-2011 using a 2x2 factorial
design to aspirin versus matching placebo, and separately to omega-3 fatty acids versus
placebo. Mean participant follow-up was 7.4 years and ended in 2017. The primary efficacy
outcome was any serious vascular event (SVE; a composite of non-fatal myocardial
infarction, ischaemic stroke or transient ischaemic attack [TIA], or vascular death [excluding
intracranial haemorrhage]). Direct participant mail-based follow-up was the main source of
outcome data, with more than 90% of the primary outcome events undergoing adjudication.

In parallel, more than 99% of participants were linked to routinely collected hospital
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admission and death registry data (i.e. routine data), enabling randomised comparisons of

different sources of outcome data.

Results: For any SVE, agreement between adjudicated direct follow-up and routine data
sources was strong (1401 vs 1127 events; kappa 0.78 [95% CI 0.76-0.80]; sensitivity 72.0%
[95% CI 69.7%-74.4%)]; specificity 99.2% [95% CI 99.0%-99.3%]), and sensitivity improved
when adjudicated follow-up was restricted to fatal and hospitalised events only (1099 vs
1127 events; sensitivity 86.4% [95% CI 84.4%-88.5%)]). Rate ratios [RRs] were similar for
the aspirin randomised comparison for adjudicated direct follow-up versus follow-up solely
through routine data alone (adjudicated data: 658 [8.5%] aspirin vs 743 [9.6%] placebo;
rate ratio [RR] 0.88, 95% CI 0.79-0.97; versus routine data: 537 [6.9%)] vs 590 [7.6%]; RR
0.91, 95% CI 0.81-1.02), and almost identical when adjudicated follow-up was restricted to
fatal and hospitalised events only (adjudicated data: 526 [6.8%] vs 573 [7.4%]; RR 0.91,
95% CI 0.81-1.03). Results were similar for the omega-3 fatty acid comparison, and

adjudication had little impact on the RRs.

Conclusions: The findings from these analyses of UK routinely collected hospital
admission and death registry data linked to the ASCEND trial show how such data could
be used to provide reliable estimates of the treatment effects of interventions on myocardial
infarctions, hospitalised ischaemic strokes, arterial revascularisations, and vascular deaths
in streamlined primary prevention trials, perhaps without the need for verification by clinician
adjudicators. However, event rates from routine data follow-up were marginally lower than
adjudicated direct follow-up as these routine datasets were not appropriate for capturing
transient ischaemic attacks and non-hospitalised strokes. Finally, in settings where routine
data are not available, this study has also demonstrated the reliability of streamlined mail-

based follow-up methods, without the need for adjudication.
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3.1 Introduction

Large randomised trials (RCTs) in cardiovascular disease (CVD) have provided reliable
evidence for interventions whose widespread use has contributed to the secular declines
in CVD mortality.1”#2 However, increasing costs of conducting trials threaten our ability to
generate new randomised evidence.’®?? Observational analyses in routinely collected
healthcare (i.e. “real-world”) data are increasingly used to make inferences about the safety
and efficacy of interventions, but such non-randomised analyses cannot fully account for
confounding and are unreliable.?® More appropriately, routinely collected data could be
used to streamline trial follow-up conduct/design by offering a cost-efficient method to

ascertain outcomes.384

The National Health Service (NHS) in the United Kingdom (UK) has long established,
routinely collected, national level mortality and hospital admission records, including
Hospital Episode Statistics®! in England, with equivalents in Wales?® and Scotland®°. These
records cover all NHS hospitals and have been collected since the 1990s using
standardised clinical coding practices®*3¢, but have rarely been adopted into trial designs.**
4585 This is perhaps due to the limited evidence of their accuracy and completeness for

specific outcomes.?

In CHAPTER 2 results were presented from three studies®2%¢’ that compared
cardiovascular outcomes ascertained via UK routine data with adjudicated direct follow-up,
two of which assessed old routine data collected over two decades ago (i.e. 1989-2001),
and the other followed-up participants for only 28 days. The findings from these studies
suggested that revascularisations could be reliably ascertained through linkage to UK
routine data sources, but the results for Ml and stroke were far less clear, with agreement

varying substantially between studies.

In CHAPTER 3 this hypothesis is further tested by assessing “modern” UK routine data
recorded from 2005 to 2017 against adjudicated direct follow-up data from the ASCEND-®

(A Study of Cardiovascular Events iN Diabetes) randomised trial. This large double-blind
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placebo-controlled trial in people with diabetes but no evidence of atherosclerotic vascular
disease at recruitment (i.e. a primary prevention population). A total of 15480 participants
were randomised and followed up by regular mail-based questionnaires, and reports of
possible serious vascular events (SVEs, a composite of non-fatal myocardial infarction,
ischaemic stroke, transient ischaemic attack [TIA], or vascular death [excluding intracranial
haemorrhage]) or revascularisations underwent clinical adjudication. Participants were also
linked to national death and cancer registries, and routinely collected hospital admission

data.

This study aimed to assess whether such routinely collected data are sufficiently reliable to
be the sole source of serious vascular outcome ascertainment. Analyses compared the
ASCEND results using adjudicated direct participant follow-up with two alternative
hypothetical scenarios: (a) following participants solely through routine data; and (b)

performing streamlined mail-based follow-up without adjudication.

3.2 Methods

3.2.1 The ASCEND trial

Analyses were conducted using data from the ASCEND trial whose design and findings
were outlined in CHAPTER 1 (Figure 3.1).”° Briefly, between 2005-2011, 15480 UK
participants were randomised using a 2x2 factorial design to low-dose aspirin (100 mg once
per day) versus placebo, and separately to omega-3 fatty acids (1 g once per day) versus
placebo. The primary efficacy assessment was time to first serious vascular event (a
composite of non-fatal myocardial infarction, presumed ischaemic stroke or transient
ischaemic attack [TIA], and vascular death [excluding intracranial haemorrhage]). A
secondary assessment was time to first serious vascular event or any arterial
revascularisation. Mean follow-up was 7.4 years and ended in 2017. The study found that
compared to placebo, allocation to aspirin reduced SVE by 12% (95% confidence interval

[CI] 3% to 21%; 658 participants [8.5%] aspirin vs. 743 [9.6%)] placebo).® For the fatty acids
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comparison, no difference in SVEs was observed between the two groups (rate ratio [RR]
0.97; 95% CI 0.87 to 1.08).° The protocol was approved by the North West Multicentre

Research Ethics Committee, and participants provided written informed consent.
3.2.2 Mail-based participant follow-up and adjudication

The principal method of direct participant recruitment and follow-up was by mailed
gquestionnaires (paper and, in later years of the follow-up period for some participants,
electronic) every 6-months until the end of the trial, referred to in this chapter as “pre-
adjudicated direct follow-up” (Supplemental Figure 3.1). The primary and secondary
outcomes and whether participants were hospitalised or not were adjudicated by study
clinicians blind to treatment allocation. For non-fatal vascular outcomes, the coordinating
centre requested documentation (e.g. hospital discharge summaries) from primary care.
For the 1,076 non-fatal SVEs reported in the primary results, 514 (47.8%) events were
ascertained via participant mail-based follow-up; 260 (24.2%) via telephone contact with
the participant; 255 (23.7%) from contact with their general practitioner or hospital doctor;
28 (2.6%) collected via other means; and 19 (1.8%) via routine hospital admission data
where (in a small number of cases) participants were lost to follow-up. For fatal outcomes,
the primary source of information was the Office for National Statistics (ONS) death
certification data, which included deaths occurring both within and out of hospital. The
reported primary and subsidiary causes of death were then reviewed by study clinicians
along with available hospital admissions data and any information from the trial
questionnaires. The published results were based on all unrefuted serious adverse event
reports (i.e. a reported event for which supporting documentation could not be obtained
was counted in the analysis). More than 90% of the SVEs included in the analysis were
verified by adjudicators. These outcome data from adjudicated follow-up presented in the
ASCEND primary publications®® are referred to as “adjudicated direct follow-up” in this
chapter (Supplemental Figure 3.1). Details of the adjudication definitions (including how

deaths were ascribed to their underlying cause using information from review of other
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clinical information alongside death certificates) are provided in Appendix A of the main

publication.®

3.2.3 Routinely collected hospital admission and death registry data

Written informed consent was obtained from participants to allow access to their routinely
collected data. During follow-up, death records were obtained from the Office for National
Statistics via NHS England for England/Wales®*? and National Health Scotland Central
Register®. These data included date of death, underlying and other contributing causes of
death. Participants were also linked to their routinely collected hospital admission records;
these data were obtained from NHS England (Hospital Episode Statistics Admitted Patient
Care)® for England, Public Health Scotland (Scottish Morbidity Records 01)%*°, and Welsh
SAIL Databank (Patient Episode Database for Wales)?. Information used for these
analyses included: primary and any secondary diagnoses; any operations and procedures;
and admission dates. Linkage between the trial participants and routine datasets were
carried out by the national registries, but was not possible for 44 participants (44/15480
[0.3%]) residing in Northern Ireland, among whom only one serious vascular event occurred

during follow-up.

All deaths in the UK are included in the mortality registry, irrespective of location of death,
and medically certified by a physician or pathologist. For routine data analyses, deaths with
vascular disease as the underlying cause were identified from the register, which uses an
automated algorithm based on principles set out in the International Classification of
Diseases 10th-revision (ICD-10) (categorisation is provided in Supplemental Table 3.1).
Non-fatal SVEs were identified in hospital admission data using ICD-10 diagnosis codes in
any diagnostic position (i.e. primary or secondary). The event date was assumed to be the
admission date as there was no diagnosis date in the available routine data. Any arterial
revascularisation procedures (including dates) were identified using Office of Population
Censuses Surveys Classification of Surgical Operations and Procedures 4"-revision

procedure codes. Myocardial infarctions and ischaemic strokes were assumed to be non-
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fatal unless they were within 30 days of such deaths ascribed to such causes. Events
identified through routinely collected data did not undergo clinical adjudication and are

referred to as “routine data” in this thesis (Supplemental Figure 3.1).

3.2.4 Statistical analyses

Analyses included only those events that occurred between randomisation and date of
death or censoring, except for Northern Ireland participants where routine data follow-up
was censored at day zero. Outcomes identified using routine data were compared to those
from adjudicated direct participant follow-up. For each outcome, participants were
categorised as having: “outcome in both datasets” (i.e. routine data identified an outcome
which had also been ascertained by adjudicated direct follow-up); “outcome in routine data
only” (i.e. not ascertained in adjudicated direct follow-up); “outcome in adjudicated direct
follow-up alone” (i.e. outcomes not recorded in routine data); or “no such outcome in either
dataset”. Levels of agreement between the two data sources were assessed using
sensitivity and specificity with 95% confidence intervals (see Appendix 1 Statistics of
agreement).® Overall levels of agreement were estimated using the kappa statistic®® with
95% confidence intervals, and interpreted using an established approach®’ where 0.01-0.20
is considered to represent slight agreement, 0.21-0.40 fair agreement, 0.41-0.60 moderate

agreement, 0.61-0.80 strong agreement, and 0.80-0.99 very strong agreement.

Differences in kappa statistics between subgroups were assessed using heterogeneity
testing®®®’, including analyses by participants’ mean age (<63 vs 263-years), sex (male vs
female), vascular risk score (low vs medium vs high [ASCEND generated its own risk score
based on age, sex, smoking, systolic blood pressure, body mass index, duration of diabetes
and glycated haemoglobin; see ASCEND data analysis plan’ for further details]), and
country of residence (England vs Other UK). Where there was agreement between the two
sources of outcome data (i.e. outcome in both datasets), the event dates were compared.
Differences were presented as: exact match, 1-7 days, 8-30 days, 31-90 days, 91-180 days,

and >180 days. Where an SVE was reported in adjudicated follow-up alone, routine data
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were searched to identify whether there was a corresponding hospitalisation (within 90 days
of the adjudicated event date) or death record for the same participant. A similar process

was carried out for events recorded in routine data only.

All randomised comparisons used standard log-rank methods®3* following the intention-to-
treat approach. Rate ratios with 95% confidence intervals are provided. The main
randomised comparisons were those based on the adjudicated direct follow-up data versus
those based on the alternative scenario that ASCEND had only used routine data to identify
outcomes. Sensitivity analyses included restricting adjudicated follow-up to fatal and
hospitalised events only (in which events where adjudicated hospitalisation status was
“‘unknown” were assumed to have not led to an admission), and analyses restricted to only
using diagnoses in the primary position of the hospital admission record. For the main
randomised comparisons, differences between the rate ratios for adjudicated follow-up
versus routine data were calculated; with 95% confidence intervals derived using bootstrap
methods. These methods used 1000 resamplings (as per standard practice®), with
replacement, where the difference in point estimate was recalculated in each bootstrap
sample. Secondary analyses included randomised comparisons using outcomes derived
from pre-adjudicated direct follow-up. Analyses were conducted using SAS version 9.4, and

R version 4.2.2.

3.3 Results

3.3.1 Baseline characteristics of participants in the ASCEND trial

A total of 15480 participants were included in this study; mean age was 63 years (standard
deviation 9.2); 9684 (62.6%) were men and 5796 (37.4%) were women (Supplemental
Table 3.2). Hypertension was reported in 9533 participants (61.6%). The median duration
of diabetes was 7-years (interquartile range 3-13), 2668 (17.2%) participants had a high

vascular risk score, and 13960 participants (90.2%) resided in England.
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3.3.2 Accuracy and completeness of routine data ascertained SVEs

There were 1401 unrefuted SVEs within adjudicated direct follow-up, of which 1009 were
also identified in the routine data, so sensitivity of routine data was 72.0% (95% confidence
intervals [CI] 69.7%-74.4%; Table 3.1). There were 118 events that were recorded in the
routine data but not confirmed in adjudicated direct follow-up, and 13961 participants having
no event in either dataset; hence, specificity of routine data was 99.2% (95% CI 99.0%-
99.3%). Overall agreement between adjudicated follow-up and routine data for any SVEs
was strong (1401 versus 1127 events; kappa 0.78, 95% CI 0.76-0.80), and further improved
when arterial revascularisations were added to the composite outcome (kappa 0.83, 95%

Cl 0.82-0.85).

Specificity of routine data was very strong (>99%) for all components of any SVEs and for
arterial revascularisations, but sensitivity varied. It was highest for any arterial
revascularisation, at 94.6% (685 of 724 events; 95% CI 93.0%-96.3%) and vascular death
at 88.2% (365 of 414 events; 95% CI 85.1%-91.3%; Table 3.1). For myocardial infarction it
was 78.8% (304 of 386 events; 95% Cl 74.7%-82.8%), non-fatal presumed ischaemic
stroke was lower (288 of 431 events; 66.8%, 62.4%-71.3%), and lowest for transient

ischaemic attack (109 of 365 events; 29.9%, 25.2%-34.6%).

Levels of agreement for any SVE were generally consistent by subgroups, with the
exception of vascular risk score where participants with a low score showed slightly lower
agreement (kappa 0.71, 95% CI 0.66-0.75) compared to a medium (0.79, 95% CI 0.76-
0.81) or high score (kappa 0.80, 0.77-0.84; Supplemental Table 3.3). Sensitivity was lower
when restricting to diagnosis codes in the primary position only (primary position: 68.2%;
vs any: 72.0%) without no apparent improvements in specificity (primary: 99.4%; vs any:
99.2%; Supplemental Table 3.4). For the 1009 SVEs in which there was agreement
between adjudicated direct follow-up and routine data, date of hospital admission was

accurate to within one week for 857 (85%) events (Supplemental Table 3.5).
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There were 188 SVEs recorded in routine data only of which only a small proportion were
reported by participants but refuted during the adjudication process: for non-fatal
myocardial infarction 7/54 (13%) were refuted events, 3/40 (8%) for non-fatal presumed
ischaemic stroke, and 2/13 (15%) for TIA (Supplemental Table 3.6). As the ASCEND trial
collected and adjudicated all deaths, the 11 vascular deaths recorded in routine data only
were all refuted during adjudication. When the 392 SVEs reported in adjudicated direct
follow-up alone were investigated, the corresponding routine data information varied
substantially by SVE component (Supplemental Table 3.7). For non-fatal myocardial
infarction, 44/70 (63%) had a corresponding routinely collected hospitalisation record within
90 days, but with a non-myocardial-infarction ischaemic heart disease code recorded (see
Supplemental Table 3.7 for code list). When routine data missed non-fatal cerebrovascular
events, most commonly there was no corresponding routinely collected hospitalisation
record within 90 days (61/93 [66%] for presumed ischaemic stroke; 130/199 [65%] for TIA).
For vascular death, the majority of events had a corresponding routinely collected death

certificate but the vascular code was not recorded as the underlying cause (21/30 [70%)]).

The sources of routine data used for these analyses were limited to capturing mostly fatal
and hospitalised events, and only 78% (1099/1401) of adjudicated follow-up reported SVEs
were recorded in the trial as involving hospitalisation or death. When adjudicated follow-up
were restricted to fatal and hospitalised events only, sensitivity of routine data was found to
be higher (86.4%, 95% CI 84.4%-88.5%) while maintaining strong specificity (98.8%, 95%
Cl 98.6%-98.9%; Supplemental Table 3.8). Of the adjudicated follow-up reported
ischaemic strokes and transient ischaemic attacks, 71% (306/431) and 33% (120/365),
respectively, led to hospitalisation or death. When adjudicated follow-up were restricted to
fatal and hospitalised events only, sensitivity of routine data was very strong for ischaemic
strokes (260 of 306 events; 85.0%, 95% Cl 81.0%-89.0%) and moderate for transient

ischaemic attacks (71 of 120 events; 59.2%, 95% CIl 50.4%-68.0%).
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3.3.3 Randomised comparisons for SVEs using routine data

Overall, the randomised comparisons using routine data alone provided similar estimates
of treatment effect to those based on adjudicated direct follow-up for SVEs (adjudicated
data: 658 [8.5%)] aspirin vs 743 [9.6%] placebo; rate ratio [RR] 0.88, 95% CI 0.79-0.97;
versus routine data: 537 [6.9%] vs 590 [7.6%]; RR 0.91, 95% CI 0.81-1.02; Figure 3.2).
Similar findings were apparent for analyses of the effect of omega-3 fatty acids versus
placebo for SVEs (adjudicated follow-up: 689 [8.9%] omega-3 fatty acids vs 712 [9.2%)]
placebo; RR 0.97, 95% CI 0.87-1.08; versus routine data: 547 [7.1%)] vs 580 [7.5%]; RR
0.94, 95% CI 0.84-1.06). For SVEs, the difference in estimated rate ratios between
adjudicated direct follow-up and routine data was +0.03 (95% CI -0.04, +0.10) for the aspirin
randomised comparison, and -0.03 (95% CI -0.10, +0.05) for the omega-3 fatty acids
comparison (Supplemental Table 3.9). When adjudicated follow-up was restricted to fatal
and hospitalised SVEs only, treatment effects for both the aspirin (526 [6.8%] vs 573 [7.4%)];
RR 0.91, 95% CI 0.81-1.03) and omega-3 fatty acids comparisons (536 [6.9%] vs 563
[7.3%]; RR 0.95, 95% CI 0.85-1.07) were almost identical to the above routine data follow-

up results (Figure 3.3).

When revascularisations were included in the composite SVE outcome, both adjudicated
direct follow-up (RR 0.88, 95% CI 0.80-0.97) and routine data (RR 0.90, 95% CI 0.81-0.99)
appeared to identify a significant benefit of aspirin. Broken down into its components,
treatment effects were almost identical for any arterial revascularisation and non-fatal
myocardial infarction, and similar for non-fatal presumed ischaemic stroke and vascular
death. However, for the transient ischaemic attack outcome, RRs derived from routine data
follow-up were somewhat closer to the null with much wider confidence intervals
(adjudicated follow-up: 0.85, 95% CI 0.69-1.04; versus routine data: 0.96, 95% CI 0.69-
1.33; difference in point estimate: +0.11, 95% CI -0.14, +0.44), when adjudicated follow-up

was restricted to fatal and hospitalised TIAs only, these differences appeared to diminish.
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3.3.4 Effect of adjudication on mail-based direct follow-up

Adjudication verified approximately three-quarters of participant mail-based reported
myocardial infarctions (363 of 494 [73%]) and presumed ischaemic strokes (371 of 488
[76%]), and more than 80% of reported coronary revascularisations (521 of 638 [82%)];
Table 3.2). Of the 355 reported non-coronary revascularisations, only 189 (53%) were
verified by adjudication. Reviewing 968 reports of hospitalised angina led to only 285 (29%)
being confirmed and identified 86 (9%) non-fatal myocardial infarctions, whereas reviewing

576 TIAs, confirmed 338 (59%) and identified 110 (19%) presumed ischaemic strokes.

When randomised analyses were conducted using mail-based pre-adjudicated direct
follow-up, compared to adjudicated direct follow-up, the relative effects of treatment for SVE
remained largely unchanged for both the aspirin (adjudicated direct follow-up: 658 [8.5%)]
aspirin vs 743 [9.6%)] placebo; RR 0.88, 95% CI 0.79-0.97; versus pre-adjudicated direct
follow-up: 753 [9.7%] vs 835 [10.8%]; RR 0.90, 95% CI 0.81-0.99) and omega-3 fatty acids
comparisons (adjudicated follow-up: 689 [8.9%] omega-3 fatty acids vs 712 [9.2%] placebo;
RR 0.97, 0.87-1.08; versus pre-adjudicated follow-up: 798 [10.3%] vs 790 [10.2%]; RR

1.01, 0.92-1.12; Figure 3.4).

3.4 Discussion

In these analyses from the ASCEND trial, this study found that routinely collected
information about serious vascular events (SVEs, a composite of non-fatal myocardial
infarction, presumed ischaemic stroke or transient ischaemic attack [TIA], and vascular
death [excluding intracranial haemorrhage]) and arterial revascularisations based on
hospital admission and death registry data in the UK provided similar estimated treatment
effects to adjudicated follow-up for both the aspirin and omega-3 fatty acids randomised
comparisons. Agreement between adjudicated follow-up and routine data was strong for
these SVEs, with sensitivity substantially improved when adjudicated follow-up were

restricted to fatal and hospitalised SVEs only. Sensitivity was highest for revascularisations,
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presumably because the tariff associated with such procedures yields high rates of
reimbursement for the hospital. Furthermore, treatment effects were similar when mail-
based pre-adjudicated direct participant follow-up reports were compared to adjudicated
outcome data. Sensitivity of routine data to ascertain both non-fatal presumed ischaemic
strokes and particularly TIAs was lower than for vascular death and cardiac components of
SVEs. This could be partly owing to approximately one-third of strokes being managed
within outpatient stroke clinics within the UK®%88, Routine data did appear to identify some
additional events potentially missed by direct participant follow-up. Therefore, although
future trials could ascertain myocardial infarctions, hospitalised ischaemic strokes, arterial
revascularisations, and vascular deaths solely from routine data, if a wider range of
cerebrovascular outcomes is pre-specified to be recorded, this will require direct participant

follow-up and/or additional datasets such as UK primary care data.

The findings for non-fatal myocardial infarctions confirm the hypotheses raised by similar
analyses of the WOSCOPS54% and HPS%25¢ trials (presented in CHAPTER 2). Using more
“modern” hospital data from the UK, the ASCEND trial suggests that myocardial infarction
events may be recorded more completely than these earlier data, with adjudication no
longer being necessary. For non-fatal Mls (including both hospitalised and non-hospitalised
events), sensitivity of routine data in primary prevention trails was found to be about 50%
in WOSCOPS and 79% in ASCEND, while the HPS secondary prevention trial had 74%
sensitivity (with some indications these data were picking up pre-randomisation events).
For non-fatal ischaemic strokes, recent observations from Oxfordshire hospital admissions
data also corroborate our findings: about two-fifths of ischaemic strokes were not
hospitalised and of those that were, only approximately 70% were identifiable using
Hospital Episode Statistics.?® The presented randomised findings from ASCEND in the UK
also mirror findings from similar analyses performed using data from randomised trials
linked to insurance claims data from the US%® and separately to public registers in

Denmark®.
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The point estimates in the randomised comparisons based solely on routine data in
ASCEND showed no evidence of being materially altered for the primary outcome of SVEs
or components of that composite outcome based on adjudicated direct follow-up (i.e. there
was little evidence of bias, at least for these outcomes in this single trial; Supplemental
Table 3.9). However, the 22% reduction in the numbers of SVEs from 1401 identified by
participant reporting which were then adjudicated versus 1127 SVEs identified through
record linkage alone has implications for sample size calculations. If ASCEND had been
designed to solely use routinely collected death and hospitalisation data for follow-up, we
estimate it would have been necessary for approximately 3500 more participants to be
randomised to retain its intended power (if followed-up for the same duration). However,
the efficiency of using routine data arguably outweighs this disadvantage and enables low-
cost long-term follow-up. Investigators and trial steering committees can pay particular
attention to early event rates in trials reliant on routine data for their follow-up to ensure
reassessment of design assumptions and recommend protocol modification, where
necessary. Indeed monitoring of event rates in ASCEND led to the important decision to

expand the trial from its originally intended sample size of 10000.’

The rate ratios for the analyses of the primary serious vascular event outcome were similar
when serious vascular outcomes were ascertained solely from mail-based questionnaire
follow-up without adjudication. The presented analyses provide evidence that participant
reported SVEs are sufficiently reliable that confirmation by clinician adjudicators is
unnecessary for most vascular events. This is consistent with meta-analysis results from
methodological studies demonstrating that adjudication had little effect on observed rate
ratios compared to vascular outcomes ascertained at research clinic.®* ASCEND differs
from these other studies because it relied on participant reports from mailed questionnaires

rather than the more resource-intensive clinic-based follow-up with trained research staff.

Depending on the nature of the trial, data on events needs to be collected in a timely

manner.! If the only source of such information is routine data, it is important that this is
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received soon enough for relevant clinical decisions to be made. For example,
pharmacovigilance reporting timelines may require alternative methods of rapid reporting
of suspected serious adverse reactions (e.g. 24-hour phone services). Nevertheless,
information from routinely collected sources may be sufficiently timely for data monitoring
committees’ serial reviews of randomised comparisons, despite outcomes not be recorded
immediately. Current collaborative efforts in the UK between researchers and data
providers through the recently founded Health Data Research UK®2 mean that a greater
amount of routinely collected healthcare data may be accessible to trialists within the
timeframes needed to monitor the safety of trial participants.?®28 In addition, in several non-
UK countries, cardiovascular trials have been successfully embedded into routine

healthcare data systems, such as TASTE®® in Sweden® and ADAPTABLE® in the US?.

3.4.1 Strengths and limitations

This study has shown how reliable “modern” routine data are at ascertaining serious
cardiovascular events across England, Scotland, and Wales, in people with no evidence of
atherosclerotic vascular disease. The re-running of ASCEND’s randomised comparisons
using routine data highlighted how small-to-moderate errors in event ascertainment have
little impact on relative treatment effect estimates due to the protection afforded by large-
scale randomisation. This study has also shown how streamlined methods of sending
questionnaires to participants via mail without adjudication can still provide a reliable means

of ascertaining information about serious cardiovascular events during trial follow-up.

There are some limitations of the current study. First, ASCEND was a primary prevention
population limiting generalisability to secondary prevention trials, in which a distinction must
be made between an incident serious vascular event and the recording of pre-
randomisation diseases. Secondly, ASCEND participants were not linked to their primary
care records which may have improved the ascertainment of non-hospitalised SVEs and
there was no information in the routine data about stroke severity.*® Finally, the ASCEND

trial was carried out in the UK which has a national health service, the study therefore was
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not able to assess the reliability of routine data in non-UK countries, including those that do
not have a single national healthcare provider nor if trials are conducted across different
countries. However, the ADAPTABLE team of trialists in the US® have demonstrated the
feasibility of a collaborative network (known as the PCORnet®) to perform a large
randomised trial of different aspirin doses using electronic healthcare records as the key

method of participant identification and follow-up in a non-centralised healthcare system.

3.5 Summary

The findings from these analyses of “modern” UK routinely collected hospital admission and
death registry data linked to the ASCEND trial show how such data could be used to provide
reliable estimates of the treatment effects of interventions on myocardial infarctions,
hospitalised ischaemic strokes, arterial revascularisations, and vascular deaths in
streamlined primary prevention trials, perhaps without the need for verification by clinician
adjudicators. However, event rates from routine data follow-up were marginally lower than
adjudicated direct follow-up as these routine datasets were not appropriate for capturing
transient ischaemic attacks and non-hospitalised strokes. Finally, in settings where routine
data are not available, this study has also demonstrated the reliability of streamlined mail-

based follow-up methods, without the need for adjudication.
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Chapter 3 Tables and figures

Tables/Figures Title

Table 3.1

Table 3.2

Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Agreement of routine data versus adjudicated direct follow-up for
serious vascular events in the ASCEND trial

Comparison between pre and post adjudicated direct follow-up for

serious vascular events in the ASCEND trial

Consort diagram of analyses in the ASCEND trial

Effect of allocation to aspirin and omega-3 fatty acids vs matching
placebos on any serious vascular event or revascularisation using
routine data follow—up in the ASCEND trial

Effect of allocation to aspirin and omega-3 fatty acids vs matching
placebos on any serious vascular event or revascularisation using
routine data follow-up in the ASCEND trial, where adjudicated data

restricted to fatal and hospitalised events only

Effect of allocation to aspirin and omega-3 fatty acids vs matching
placebos on any serious vascular event or revascularisation using

pre—adjudicated direct follow—up in the ASCEND trial
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Figure 3.1 Consort diagram of analyses in the ASCEND trial

Assessed for eligibility (121,254)

Excluded* (94,792)

Entered run-in (26,462)

> Excluded* (10,982)

Randomized using 2x2 factorial design

Aspirin vs placebo comparison** Omega-3 FA vs placebo comparison**
(15,480) (15,480)
Assigned active Assigned placebo Assigned active Assigned placebo
aspirin (7,740 aspirin (7,740
pirin ( ) pirin ( ) omega-3 FA omega-3 FA
Complete adjudicated direct follow-up Complete adjudicated direct follow-up
information (15,341 [99.1%)]) information (15,341 [99.1%)])
Linked to routinely collected data sources Linked to routinely collected data sources
(15,436 [99.7%)]) (15,436 [99.7%)])
Analysed (15,480) Analysed (15,480)

FA = Fatty acids. *A complete breakdown of exclusions can be found in ASCEND’s main
publications. **All 15,480 participants were included in both the aspirin and omega-3 fatty

acid comparisons.

84



1apeq FENEL]

1apaq

Japeq

ogade|d spioe Aped ogade|d uuidsy
9l F4 80 90 9l rl 80 90
| IS I —_
(60°1-68°0) 66°0 H (%6'6) 022 (%86) 192 (66°0-18°0) 060 [ (%¥0L) 508 (%¥6)9zL uoKes|B|NISeAR) 10
(60°1-16°0) 001 (%s"11L) 288 (%+'LL) 288  (16°0-08°0) 88°0 - (%1°Z1) 9g6  (%8°01) ££8 ana Jejnasen snopas Auy
(zz'1-26°0) 90} # (%9¥) 85¢  (%6'%) 828  (20°L-220) 680 il (%0°6) 68¢  (%G'¥) L¥E uonesuE|naseal [eliaLe Auy
(02'1-06'0) ¥0'L (%9'v) 9s€  (%8'¥) 89c (20'1-92°0) 88°0 —l— (%0'S) ¥8¢  (%¥'¥) O¥E o ’
(90°1-¥8°0) ¥6°0 H (%s°2) 08 (%L'2) ivs (20'L-18°0) L6°O [ (%9°2) 065  (%6°9) L£S viL Buipnjou
(80°1-28°0) 26°0 (%z'e)zLe (%6'8) 689 (16°0-6.°0) 88°0 - (%9'6) ¥L  (%5°8) 859 juana Jejnasen snolias Auy
(851180 ¥L'} ———=—— (%8059 (%0 L) ¥.L (€£71-69°0) 960 — (%6°0) L2 (%6°0) 89 OEHE JIISEYDS! JUBISUBIL
(92" 1-¥8'0) €0'} —— (%e2)ogl  (%y2)sel  (¥0'1-69°0) 580 T (%5261 (%289l . o
(¥0"1-18°0) 2670 - (%6°9) 5¢5  (%g'9) L6  (Z0°1-08'0) L6°0 - (%6°9) 266 (%€'9) 68 V1L Buipnjoxa
(50°1-€8°0) €60 - (%9°2) 588 (%02} ¥vs (€0'1-Z80) 260 - (%9°2) 286 (%0°Z) 2¥s JuaAa JejnaseA sholias Auy
(z6'0-29°0) 920 —B— (%82 s8lz (%L s9L (S0'1-0£'0)980 T (%22) 902  (%E'E) LLL abeyuowsey |elueioeUl
(66'0-29°0) 1870 —— (%62 82z (%¥2Z)ogl (01'1-6L0) 160 — (%82 212 (%52 L6 Buipnjoxe yjeap Jejnasep
(sz'1-zgo) 2oL (wea)ssL  (%e2)8sl  (1071-99°0) 280 —B— (%52 ¥6L (%L'T) 6SL ayols
(ZZ'1-¥8°0) LO') (%82 viz (%g2) Ll  (90'1-€L0) 880 +—— (%0'¢) 622  (%92) 202 dnuseyds| pauinsaid [ejej-uoN
(81°1-6L°0) 96°0 (%52 66+ (%v2)egl (22'1-280) 00t H (%52 161 (%52 26} UONOIBJUI [EIpIE30ALL [EJEI-UON
(F1'1-92°0) €6°0 —H— (%9'2) 002 (%¥2) 98l (61°1-08°0)86°0 (%5'2) 561 (%52 L6L
(1D %56) ones sjey (ov2'z=w)  (0¥L'2=Y) (15 yg6) ones ajey (opL'2=u)  (otL'L=u)
ogade|d spioe Aye4 oqadeld uudsy

B dn-mojjo} ejEp BURNOY

B dn-mojjo) j08.p pajesipnipy

"Yoene olwaeyosl

JusIsuRI] = V|1 'S[eAlaiul 82uUsplyuo)d = | "S[eAISIUl 92USPLIUOD %GE PUE Olel 8)el 8y} 8)e|ndjed 0) pasn alem spoylsw Yuel-607

e} ANJD SV 2Y3 ul dn—mojjo} ejep auinoa Buisn uoljesiIe|NdSeAal 10 JUSAD
Je|noseA snolids Aue uo soqgase|d Buiyosjew sA spioe Ajey g—ebawo pue upidse 03 uoljeso|e Jo 3993 Z'€ ainbi4

85



J1speq 1ayeq

1ap8q 1ayeq

0ga%e|d spioe Ajed ogaoe|d uuidsy
9l L L 80 90 gl A 80 90
L 1 1 ] L 1 1 ]
(0L'1-z6°0) LO'L H (%¥'cL) 9g0L (%¥'cL) LPOL (26°0-28°0) 6870 - (%L'¥L) ¥60L (%2ZL) €86 uoljesiie|naseAal Jo
(60°1-16°0) 00°1 (%s°LL) 288 (%¥'LL) Z88 (26°0-08°0) 88°0 - (%1'ZL) 956 (%8'0L) ££8 1uaA? Jejnasen snotsas Auy
(#1°1-88°0) 00'L \“ (%2°9) s¥y  (%2S)ory (001-22°0) 88°0 Il (%19 €Ly (%¥'S) 8Ly LORESUIEINOSEAS [BUBMIE AUy
(0z'L-06°0) ¥O'L (%9¥) 95  (%8¥)g9c (20 1-92°0) 880 il (%0°5) vee  (%¥'¥) 0PE o :
(zZV'1-ze'0) LO'L H (%z'0oL) 062 (%g'0L) 862 (66°0-18°0) 06°0 - (%8'0L) 58 (%Z2'6) €52 VIL Buipnjau
(80°1-28°0) L6°0 (%z'6)ZLL (%6'8) 689 (26'0-6.°0) 880 - (%9'6) e¥2  (%5°8) 859 JuaAs JeINoSEA SNoles Auy
(0z'1-92'0) Z0'} HH (wre)sez  (%ge) 16z  (L0L-2270) LBO —l— (%6'e) Loe  (%9¢) 5.2 S
(9z'L-v8'0) €0} (we2)ogl (%vz)sgl (v0'1-69°0) S8°0 —B— (%5261 (%22 89l ' o
(L1°1-68°0) 66°0 ﬁ (%0°8) €29 (%6°2)¥19 (00°1-08°0) 060 - (%t°8) 059  (%9°2) L85 V11 Buipnjaxa
(50'1-£8°0) £6°0 (%9°2) 585 (%02} ¥vs (£0'1-28°0) 26°0 - (%9°2) 285  (%0°L) 2¥s JuaAa Jejnosen snolias Auy
(€6'0-29°0) 920 —B— (%82 stz (%12 e9l (80°1-2.0) 880 —+ (%92) 102 (%E€?) LL) abeyloweey [euesoenul
(66'0-29°0) 180 —l—  (%6'2) 82z (%¥2) el (0L'1-GL0) 160 —— (%82 L1z (%52 L6 Buipnjoxe yjeep Jejnasep
(8z'L-69°0) L0} —— (%0e)ocz  (%ee)zsz (€0 1-22°0) 980 1 (w¥e)zoz (%62 922 ayons
(zz'1-¥8°0) LO'L (%82 vl (%872 Ll (90°'L-€L°0) 88°0 -+ (%0€) 622 (%92 202 dleeys| pawinsaid [ejej-uoN
(ez'1-920) €01 (%z'e) vz (wz€)0osz (€171-08°0) G6'0 H (wee)esz (%1€ L¥E OO IEJUI [BIPIESOAL [B1EJ-UON
(¥1°1-92°0) €6°0 —.— (%92) 00z (%t¥Z)ogl (61°1-08°0) 860 (%52 561 (%52 L6L
(19 %S56) ones ajey (otL'2=u) (otL'2=u) (19 %56) ones ajey (o¥L'L=u) (ot2‘2=u)
oqase|d spioe Ae4 oqale|d uidsy

B dn-mojjo} J0a1p pajesipnlpe-aid

B dn-mojjo4 10811p pajesipnipy

Yoene Jiwaeyads! Jualsuel] = |1 [eAldlul aduapluo) = |D reudsoy 01 paniwpe sem uedionied ayl reyl panodals dn-moj|o}
pareaipnipe alaym JusAa Aue Se pauljop SIUSAS PasieldSoH "S[eAIa1ul 92U3pPIIUOD 9%4G6 PUR Ol1el 81l 8y 81e|NJJed 0] Pash alam Spoyiaw yuel-607

AJuo sjuans pasieldsoy

pue [eje) 01 paldLIlsal eiep paledipnipe alaym ‘[ell dNIOSY 9yl ul dn-mojjo} eiep aullnoJd Buisn uolesie|ndseAsl
10 1UBA® Je|naseA snollas Aue uo sogaoe|d Buiyorew sA spioe Ale) g-ebawo pue ullidse 0) uoleoo|e Jo 1938)13 £'¢ ainbi4

86



1ajeq lajeq Japeq FENEL]

ogaoe|d spioe Ajeq 0qaoe|d uuidsy
9l L 1 80 90 9l L 80 90
L 1 1 1 L 1 1 1
(60°1-68°0) 66°0 H (%6'6) 022 (%8'6) 19.L (66°0-18°0) 06°0 > (%#'01) 508 (%t'6) 922 uoljesiie|naseAal 1o
(60"1-68°0) 66°0 (%86)9s. (%96)sv. (00°1-18°0) 06°0 o (%z-0L) 982 (%Z'6) E€LL JuaAe Jenasen snouss Auy
(zz'1-z6'0) 90'L # (%9'v) 8s¢  (%6'%) 8.€  (20'1-22'0) 680 +il- (9%0'6) 68 (%S'¥) L¥E P
(0z'1-06°0) ¥O'L (%9%) 95¢  (%8'%) 89¢  (20°1-92°0) 88°0 - (%0'5) ¥8¢  (%¥'¥) O¥E o ’
(90°L-¥8°0) ¥6°0 “ (%s5'2) 08 (%lL°2) i¥s (20'L-18°0) L6°0 s (%9°2) 065  (%6°9) L£S V1L Buipnjou
(£0°1L-58°0) 56°0 (%€2) €95  (%6°9)9gS (£0°L-18°0) L6'0 - (%r2)eLs  (%8'9) 928 JUBAD Je[NISEA snouas Auy
(85°L-18°0) ¥L'} ———— (%g°0) 59 (%0 1) #2  (££'1-69°0) 960 —_— (%6°0) L2 (%6'0) 89 NOENE DIUBEYIS! JUBISUBI)
(zg'1-16'0) LE'L <—=—7 (20025 (%6089 (8¥'1-220)€0L —_— (%8065 (%80 L9 ) o
(#0°1-18°0) Z6°0 - (%6'9) 55  (%g9) L6¥ (20'1-08°0) L6°0 - (%6°9) 265  (%¢£'9) 68¢ Vi1 Buipnjoxs
(z0"1-08°0) 06°0 - (%8°9) 225  (%L'9) 52+ (Z0'1L-08°0) 06°0 - (%89)szs  (%Z'9) LL¥ JUaAD JEINISEA SNoLas Auy
(z6'0-29'0) 920 —— (%g2)gle (%L'2)s9l (S0'L-04'0) 980 i (%22) 902 (%€ LLL abeyuowsey [elueidenul
(66'0-29°0) 180 —— (w62 8z (%r)o8l (01'1-S20) 16D —— (%872 212 (%ST) L6 Buipnjoxe Lpeap tejnosen
(gz'1-zgo)zo'L (wez)slL (wez)esll  (L0'L-99'0) 280 —l— (%52 ¥6l (%12 651 ejoas
(sz'1-08'0) 00°L (%02 esL (%02 esk (v0'L-99°0) €8°0 —8—  (%z2 91 (%8l 6EL dlweeyos) pawnsaid |eje}-uoN
(81°1-62'0) 96°0 (ns2)s6L  (%¥2)ssl (22'L-28°0)00'L H (%52 161 (%52 Z6) UOROIEJU [BIPIEI0AL [E1EJ-UON
(zL11-s2'0) 260 (%52 161 (%e2) sk (LZ'L-08'0) 660 (%¥2) ¥8L  (%¥'2) Z8l
:0 _"summu oljel ajey Ao.vh,hnr; Acvh_hn-_- A_U _"S.mmu onjel ajey Aoﬂhhhﬂcw :u—\h.hﬂ.._w
oqaseld spioe Ae4q oqgase|d udsy

B dn-mojjo} elEp auRnoy

W dn-moj|o} Joaulp pajesipnipy

"Yoene Jlwaryds! JUaISURI] = V|1 "S[eAla]ul 30UapIU0) = | "S|BAISIUI 80UBPIIUOD %GE PUB Oljel 1.l 8y} 8)e|nodjed 0} Pasn aiem spoylaw Juel-60

(el aN3OSY 2yl ul dn-mojjo) 19a.1p paleaipnipe-aid Buisn uonesie|ndseAal
10 JUBAS JejnaseA snolds Aue uo sogaose|d Buiyojew sA spioe Aye} ¢—ebawo pue ulidse 03 uoijesojje Jo 3093 'S ainbi4

87



CHAPTER 4 Comparison of routinely collected UK data with
adjudicated direct follow-up: analyses of major bleeding events

from the ASCEND randomised trial

This chapter was published in BMJ Heart:

Harper C, et al. Reliability of major bleeding events in UK routine data vs clinical trial

adjudicated follow-up data. BMJ Heart 2023; 109:1467-1472.

Chapter summary

Aims: To assess, in people with diabetes and no prior vascular disease, (1) how reliable
UK routine data are for ascertaining major bleeding events compared with adjudicated
direct follow-up data, and (2) the impact of adjudication on mail-based follow-up of major

bleeding events.

Methods: The ASCEND (A Study of Cardiovascular Events in Diabetes) primary prevention
trial randomised 15480 UK people with diabetes using a 2x2 factorial design to aspirin
versus matching placebo. The primary safety outcome was major bleeding (a composite of
intracranial haemorrhage, sight-threatening eye bleeding, serious gastrointestinal bleeding,
and other major bleeding [including epistaxis, haemoptysis, haematuria, vaginal, and other
bleeding]) ascertained by direct-participant mail-based follow-up, with >90% of reported
major bleeding outcomes undergoing adjudication. Nearly all participants were linked to
routinely collected hospitalisation and death registry data (i.e. routine data), where an
algorithm was applied to categorise routine data identified bleeding events as major or
minor. Kappa statistics were used to assess agreement between follow-up data sources

and randomised comparisons were re run solely using routine data.
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Results: When adjudicated direct follow-up and routine data were compared, there was
agreement for 318 major bleeding events, with routine data identifying an additional 281
potential major bleeding events not previously reported and not identifying 241 participant-
reported events (kappa 0.53, 95% confidence interval [CI] 0.49-0.57). By components of
major bleeding, agreement was highest for intracranial haemorrhage (0.73, 95% CI 0.67-
0.80), moderate for serious gastrointestinal bleeding (0.56, 95% CI 0.50-0.62), and lowest
for sight-threatening eye bleeding (0.45, 0.35-0.54) and other major bleeding (0.36, 0.26-
0.45). Repeating ASCEND’s randomised comparisons using routine data follow-up alone
found the estimated relative and absolute effects of allocation to aspirin versus placebo on
major bleeding were similar compared to adjudicated follow-up (adjudicated follow-up:
aspirin 314 [4.1%] vs placebo 245 [3.2%]; rate ratio [RR] 1.29, 95% confidence interval [CI]
1.09-1.52; absolute excess +6.3/5000 person-years [mean standard error + 2.1]; versus
routine data: 327 [4.2%] vs 272 [3.5%]; RR 1.21, 95% CI 1.03-1.41; absolute excess
+5.0/5000 [+ 2.2]). Relative effects between data sources were almost identical for all
components of major bleeding except other major bleeding, where routine data appeared
to somewhat underestimate the effects of aspirin (adjudicated follow-up: RR 1.70, 95% CI
1.18-2.44; vs, routine data: 1.08, 0.79-1.46). For pre-adjudicated participant reported mail-
based follow-up, although relative effects were similar, such methods appeared to
substantially overestimate the absolute hazard of aspirin (aspirin 668 [8.6%] vs placebo 549

[7.1%]; RR 1.22, 95% CI 1.09-1.37; absolute excess +11.3/5000 [+ 2.1]).

Conclusions: In summary, these analyses of the ASCEND randomised trial found that
major bleeding events ascertained via applying an algorithm to UK routinely collected
hospital admission and death registry data provided relative and absolute treatment effects
similar to adjudicated direct participant follow-up. These results suggest UK routine data
represent a potentially cost-efficient method to ascertain major bleed trial outcomes during
both within and post-trial periods, either to supplement existing methods or to be used on

its own. But, further work is needed to validate this algorithm in other trial populations.
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Finally, this study found that clinical adjudication of mail-based direct-participant follow-up
may still be necessary in order to adequately weigh up the absolute harms and benefits of

anti-platelet therapy.
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4.1 Introduction

Large randomised trials in cardiovascular disease have provided reliable evidence for
interventions whose widespread use has contributed to declines in mortality due to
cardiovascular disease.*!” However, increasing costs and complexity of conducting trials
threaten our ability to generate new randomised evidence.®?2°7 Linkage to routinely
collected healthcare data sources could substantially streamline trial follow-up by offering
a cost-efficient method to ascertain outcomes.®#* The United Kingdom (UK) is particularly
well placed as the National Health Service (NHS) has long-established routinely collected
national level mortality and hospitalization records.?®3°7® These data cover all NHS
hospitals and have been collected since the 1990s using standardised clinical coding

practices.3436

Major bleeding is a common safety outcome for anti-thrombotic cardiovascular trials, where
the assessment of whether such treatments prescribed to at-risk populations requires
clinicians to balance the benefits of reducing cardiovascular risk against the increased
bleeding hazard. Despite this endpoint being frequently utilised by trials, there is no single
standardised definition of what is meant by “major” bleeding, with the three most common
definitions including: Bleeding Academic Research Consortium (BARC), International
Society on Thrombosis and Haemostasis (ISTH), and Thrombosis in Myocardial Infarction
(TIMI).7798-101 Sy ch definitions are complex and often require detailed information about the
number of units of blood transfused, drops in haemoglobin, haemodynamic compromise,

and any required medical/surgical interventions.

In CHAPTER 2 only one study was identified (the HEART-PPCI trial) that compared major
bleeding outcomes ascertained via UK routine data against adjudicated direct follow-up
(defined as BARC score 3-5), finding agreement between data sources to be low.®” But the
study had substantial limitations, including: (1) no randomised comparisons were re-run
using routine data only; (2) no differentiation was made between major and minor bleeding

events recorded in the routine data; (3) follow-up was limited to 28 days, most of which was
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during the index admission; and (4) the routine data sources currently available for trialists

does not include the information to categorise bleeding events using the BARC score.

In the ASCENDS? trial, major bleeding was the primary safety outcome for ASCEND’s aspirin
versus placebo randomised comparison, in which 559 events were identified using
adjudicated direct mail-based follow-up. The outcome included intracranial haemorrhage,
sight-threatening eye bleeding, serious gastrointestinal bleeding, and other major bleeding
(including epistaxis, haemoptysis, haematuria, vaginal, and other bleeding). For
gastrointestinal and other bleeding events to be considered “major” the event must have
either led to or prolonged a hospitalisation, a far simpler approach than the bleeding
categorised discussed above, and one that is directly applicable to the routine data sources

currently available in the UK.

The analyses presented in this report aimed to use the ASCEND-linked data to assess
whether, by developing and applying an algorithm to UK routine data, these data can
reliably follow-up participants for major bleeding outcomes in future streamlined trials.
Analyses include: (1) measuring the agreement of events identified from routine data
compared to adjudicated direct-participant follow-up, and (2) re-running the aspirin versus
placebo randomised comparisons using the hypothetical scenario that follow-up had been
solely through linkage to routinely collected data systems. As subsidiary aims, the study re-
assessed the absolute benefits of aspirin versus the bleeding hazard using routine data
only, and investigated the impact of adjudication on major bleeding outcomes ascertained

from mail-based direct participant follow-up.

4.2 Methods

4.2.1 The ASCEND trial

Full details of the ASCEND trial design have been reported in CHAPTER 1 and CHAPTER
3.7° Briefly, between 2005 and 2011, 15480 UK participants were randomised using a 2x2
factorial design to aspirin once daily versus matching placebo, and separately to omega-3

fatty acids versus placebo. For the aspirin comparison (Supplemental Figure 4.1), the
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primary efficacy assessment was time to first serious vascular event (SVE; a composite of
non-fatal myocardial infarction, presumed ischaemic stroke or transient ischaemic attack,
and vascular death [excluding intracranial haemorrhage]). The primary safety assessment
was time to first major bleeding event (a composite of any intracranial haemorrhage, sight-
threatening bleeding in eye, serious gastrointestinal bleeding [including upper, lower or
unspecified bleeding, and perforation], and other major bleeding [including epistaxis,
haemoptysis, haematuria, vaginal, and other bleeding]). For gastrointestinal or other major
bleeding events to meet the ASCEND criteria of major bleeding they would have either led
to hospitalisation or death; full details of the bleeding subcategorization used in ASCEND
are provided in Supplemental Figure 4.2. Sight-threatening eye bleeds included any
clinically significant retinal bleeds presenting with symptoms outside of routine retinopathy
screening which required laser photocoagulation, surgery or intra-ocular injections or any
intra-ocular bleeding resulting in permanent visual loss. All intracranial bleeds were
considered to be major. During a mean follow-up of 7.4 years, ASCEND showed that
compared to placebo, allocation to aspirin reduced SVE by 12% (95% confidence interval
[CI] 3% to 21%; 658 participants [8.5%] aspirin vs. 743 [9.6%] placebo), but increased the
major bleeding risk by 29% (95% CI 9% to 52%; 314 [4.1%)] vs 245 [3.2%]), thus the benefits

of aspirin were largely counterbalanced by the bleeding hazard.®

4.2.2 Mail-based participant follow-up and adjudication

The principal method of direct participant recruitment and follow-up was by mailed
questionnaires (on paper and in later years of the follow-up period for some participants,
electronic) every 6-months until the end of the trial. On each questionnaire, participants
were asked to indicate if they had suffered “Bleeding for which you saw a doctor” and to
record a date and a description of the body site of the bleeding. Study clinicians blind to
treatment allocation coded the bleeding site using the free-text information on the returned
questionnaire, and these data are referred to in this thesis as “pre-adjudicated direct follow-

up” (Supplemental Figure 4.3). Study clinicians blind to treatment allocation adjudicated
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the primary and secondary outcomes. For non-fatal vascular and bleeding outcomes, the
coordinating centre requested documentation (e.g. hospital discharge summaries) from
primary care. In a small number of cases where participants were lost to follow-up, routine
hospital admission data were used to ascertain 18 serious vascular events and 24 major
bleeds. For fatal outcomes, the primary source of information was the Office for National
Statistics death certification data, which included deaths occurring in the UK both in and out
of hospital. The reported primary and subsidiary causes of death were then reviewed by
study clinicians along with available hospital admissions data and any information from the
trial questionnaires. The published results were based on all confirmed and unrefuted
serious vascular and major bleeding event reports (i.e. a reported event for which
supporting documentation could not be obtained [i.e. was unrefuted] was counted in the
analysis). Over 90% of the serious vascular events and major bleeding events included in
the analysis were confirmed by adjudication. Details of the adjudication definitions
(including how deaths were ascribed to their underlying cause using information from
review of other clinical information alongside death certificates) are provided in the
Supplement accompanying the main publication.® These outcome data were used in
ASCEND'’s primary publications®® and are referred to as “adjudicated direct follow-up” in

this thesis (Supplemental Figure 4.3).

4.2.3 Routinely collected death records and hospital admission data

Consent was obtained from participants to allow access to their routinely collected data.
During follow-up, death records were obtained from the Office for National Statistics via
NHS England for England/Wales®? and National Health Scotland Central Register®:. These
data included date of death, underlying and other contributing causes of death. Participants
were also linked to their routinely collected hospital admission records; these data were
obtained from NHS England (Hospital Episode Statistics Admitted Patient Care)3! for
England, Public Health Scotland (Scottish Morbidity Records 01)%°, and the Welsh SAIL

Databank (Patient Episode Database for Wales)?®. Information used for these analyses
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included: the primary and any secondary admission diagnoses; any operations and
procedures; admission method; admission date; and the number of nights the participant
stayed in hospital. Linkage between the trial participants and routine datasets were carried
out by the national registries, but was not possible for 44 participants (44/15480 [0.3%])
residing in Northern Ireland, among which only one serious vascular event and no major

bleeding event occurred during follow-up.

Bleeding episodes were identified in death records and hospital admission data using a
clinician specified set of International Classification of Diseases (ICD-10) diagnosis codes
(Supplemental Table 4.1). The date of event was assumed to be the date of admission or
death. The bleeding code must have been recorded as the underlying cause on the death
record to be considered fatal (Supplemental Table 4.2).37 While for bleeding codes
recorded in the hospital admissions data, potential indicators of event severity that were
considered based on previous observational studiesi®?% (Supplemental Table 4.3)
included: bleeding in the primary (i.e. first) or second diagnostic position on the admission
record (where up to twenty diagnoses can be recorded), patients having stayed at least one
or two nights in hospital, and admission via emergency means. Severity factors that were
not considered due to missing or incomplete information on the routinely collected
hospitalisation record included blood transfusions, medical or surgical interventions, and
falls in haemoglobin. Fifteen algorithms were derived using either one-severity-factor (e.g.
emergency admission), two-severity-factors in combination (e.g. primary diagnosis and
emergency admission), or three-severity-factors. For each possible algorithm, kappa,
sensitivity and specificity statistics were calculated using adjudicated direct follow-up as the

comparator.

Of the fifteen possible algorithms, one was selected for the primary analyses by clinicians
before any randomised comparisons were re-run (i.e. blinded). The selection was based on
the agreement statistics, simplicity of the algorithm, and a definition broadly similar to the

ASCEND trial criteria set out in Supplemental Figure 4.2. For any intracranial
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haemorrhage or serious eye bleed, the selected algorithm defined this as an ICD-10 code
in any diagnostic position (i.e. primary or secondary diagnosis); while for gastrointestinal or
other bleeding to be classified as major, records were restricted to bleeding codes in the
first (i.e. primary) diagnostic position and patients having stayed at least one night in
hospital (full details of the selected algorithm can be found in Supplemental Table 4.2).
Previously published methods were used to ascertain serious vascular events
(Supplemental Table 4.4).%% Events identified through routinely collected data did not
undergo clinical adjudication, and are referred to as “routine data” in this thesis

(Supplemental Figure 4.3).

4.2.4 Statistical analyses

Analyses included only those events that occurred between randomisation and date of
death or censoring, except for participants living in Northern Ireland where routine data
follow-up was censored at day zero. Outcomes identified using routine data were compared
to those from adjudicated direct participant follow-up. For the major bleeding outcome (and
its components), participants were categorized as having: “outcome in both datasets”;
“outcome in routine data only”; “outcome in adjudicated follow-up alone”; or “no such
outcome in either dataset”, irrespective of the relative timings of the events. Comparisons
between the data sources (i.e. routine data versus adjudicated direct participant follow-up)
were performed using sensitivity and specificity statistics with 95% confidence intervals (CI;
see Appendix 1 Statistics of agreement).®® Overall levels of agreement were estimated

using the kappa statistic®® with 95% CI.

Subgroups were assessed using heterogeneity testing®®®’, including analyses split by
median age (<63 vs 263-years), sex (male vs female), vascular risk score (low vs medium
vs high [see ASCEND data analysis plan’]), and country of residence (England vs Other
UK). Where there was agreement between two sources of outcome data (i.e. outcomes in
both datasets), the event dates were compared. Differences were presented as: exact

match (same day), 1-7 days, 8-30 days, 31-90 days, 91-180 days, and >180 days. Where
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an event was reported in adjudicated follow-up alone, routine data was searched to identify
whether there was a corresponding hospitalisation (within 90 days of the adjudicated event
date) or death record for the same participant. A similar process was carried out to search

adjudicated data for events recorded solely in routine data.

All randomised comparisons used standard log-rank methods following the intention-to-
treat approach.>*®* Rate ratios (RR) with 95% CI are provided. The main randomised
comparisons were those based on the adjudicated direct follow-up data versus those based
on the alternative scenario that ASCEND had only used routine data to identify outcomes.
For the main randomised comparisons, differences between the rate ratios for adjudicated
follow-up versus routine data were calculated; with 95% confidence intervals derived using
bootstrap methods. These methods used 1000 re-samplings, with replacement, where the
difference in point estimate was recalculated in each bootstrap sample. Observed absolute
treatment effects were also calculated, in which results were presented as number of events
per 5000 person-years including the mean standard error. Sensitivity analyses included re-
running randomised comparisons using the 14 other proposed algorithms to distinguish
major from minor bleeding. Secondarily, the impact of adjudication on randomised
comparisons was assessed using outcomes derived from pre-adjudicated direct follow-up.

Analyses were conducted using SAS version 9.4, and R version 4.2.2.

4.3 Results

4.3.1 Accuracy and completeness of routine data ascertained major bleeding events
Of the 1690 participants with a bleeding events identified from routine data sources, 137 of
these were intracranial haemorrhages, 97 serious eye bleeds, 698 gastrointestinal and 911
other bleeds (Supplemental Figure 4.3). Applying the routine data algorithm to the
gastrointestinal and other bleeding events categorised 227 (32.5%) and 164 (18%) as
major, respectively. In total 559 of 1690 (35.4%) bleeding events recorded in the routine

hospital and death registry data were categorised as major.
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Adjudicated direct follow-up identified 559 participants with a major bleeding event, of which
318 also had a major bleeding event recorded in the routine data (sensitivity 56.9%, 95%
confidence interval [Cl] 52.8%-61.0%; Table 4.1). Routine data identified an additional 281
potential major bleeding events not previously reported by adjudicated direct follow-up, and
14640 participants had no major bleeding event in either dataset (specificity 98.1%, 95%
Cl 97.9%-98.3%). Overall agreement between routine data and adjudicated direct follow-
up for the any major bleeding outcome was moderate (kappa 0.53, 95% CI 0.49-0.57), with
similar kappa statistics across subgroups of participants (Supplemental Table 4.5). For
the 318 participants with a major bleeding event in adjudicated direct follow-up and routine
data, date of first recorded major bleeding event in both data sources were within 90 days

of each other for 260 (81.8%) participants (Supplemental Table 4.6).

Agreement statistics for the alternative fourteen major bleeding routine data algorithms not
pre-selected for analysis can be found in Supplemental Table 4.7. If no algorithm had been
applied to the routine data, although completeness would have been good (sensitivity
74.2%, 95% CI 70.6%-77.9%), routine data would have identified 1275 additional possible
bleeding events (specificity 91.5%, 95% CI 91.0%-91.9%), therefore overall agreement
would have been poor (kappa 0.33, 95% CI 0.30-0.37). In general, two or more severity
factors showed better agreement than a single factor. Although some algorithms performed
slightly better, the selected algorithm was chosen as its definition was closest to that of the

ASCEND trial (i.e. hospitalised due to a bleeding event).

Compared to adjudicated direct follow-up, agreement varied by major bleeding component,
it was highest for intracranial haemorrhage with a kappa of 0.73 (95% CI 0.67-0.80) and
serious gastrointestinal bleeding at 0.56 (95% CI 0.50-0.62; Table 4.1). Other major
bleeding and sight-threatening eye bleeding had lower sensitivity at 0.45 (95% CI 0.35-
0.54) and 0.36 (95% CI 0.26-0.45), respectively. For most of the major bleeding

components, event dates in routine data compared to adjudicated direct follow-up were
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similar, except for sight-threatening bleeding in eye where 51.0% (25/49) of events had a

difference of more than 90 days.

For the 241 major bleeding events identified in adjudicated follow-up alone, within 90 days,
74 (30.7%) had a bleeding code recorded in the routine data but did not meet the algorithm’s
definition for major bleeding, while 93 (38.6%) had a hospitalisation but no bleeding code
recorded (Supplemental Table 4.8). For the 281 major bleeding events identified in routine
data only, in the adjudicated direct follow-up database: 11 (3.9%) events were refuted after
adjudication, 10 (3.6%) had a minor bleed reported, and 223 (79.4%) had no hospitalisation

reported within 90 days.

4.3.2 Randomised comparisons for major bleeding events using routine data

For the any major bleeding outcome, randomised comparisons using routine data alone
provided similar estimates of the relative effects of aspirin versus placebo compared to the
published results based on adjudicated direct follow-up (adjudicated direct follow-up: aspirin
314 [4.1%] vs placebo 245 [3.2%]; RR 1.29, 95% CI 1.09-1.52; routine data: 327 [4.2%] vs
272 [3.5%]; RR 1.21, 95% CI 1.03-1.41; difference in point estimate: -0.08, 95% CI -0.28,
+0.12; Figure 4.1 and Supplemental Table 4.9). When routine data follow-up was broken
down by whether there was a corresponding event in adjudicated direct follow-up, events
identified in routine data only and not in adjudicated follow-up (RR 1.13, 95% CI 0.89-1.43)
were found to have a lower rate ratio than events identified by both data sources (RR 1.27,
95% CI 1.02-1.58; Supplemental Table 4.10). Randomised comparisons performed using
the routine data algorithms not selected for analyses (by the selection process which
occurred prior to un-blinding) found that the fewer severity factors included in the algorithm
the lower the relative effects of aspirin. Importantly, the major bleeding hazard would have
been missed if no algorithm had been applied to the routine data (RR 1.05, 95% CI 0.96-
1.16; Figure 4.2) or data were restricted to the primary diagnosis only (RR 1.02, 95% CI

0.91-1.15).

99



Analyses by bleeding type were limited by low power. Nevertheless, compared to
adjudicated direct follow-up, the relative effects of aspirin in the routine data were almost
identical for intracranial haemorrhage (adjudicated direct follow-up: RR 1.22, 95% CI 0.82-
1.81; versus, routine data: 1.24, 0.89-1.74), sight-threatening bleeding in the eye (RR 0.89,
95% CI 0.62-1.27; vs, 0.90, CI 0.60-1.34), and serious gastrointestinal bleeding (RR 1.36,
95% CI 1.05-1.75; vs, 1.41, 1.09-1.83; Figure 4.1). For the other major bleeding outcome,
compared to adjudicated direct follow-up (RR 1.70, 95% CI 1.18-2.44), routine data
provided a lower estimate (RR 1.08, 95% CI 0.79-1.46) of the relative effect, with the
estimate being almost the same as when no algorithm had been applied to the routine data

(RR 1.09, 95% CI 0.95-1.24; Supplemental Table 4.11).

Figure 4.3 provides estimates of the observed absolute effects of allocation to aspirin
versus placebo for the SVE and major bleeding outcomes. Similar to adjudicated direct
follow-up (SVE -8.2 per 5000 person-years [mean standard error = 3.4] vs major bleeding
+6.3 [+ 2.1]), when events were ascertained solely through routine data the absolute
benefits of aspirin were largely counterbalanced by the bleeding hazard (SVE -5.0 [+ 3.0]

vs major bleeding +5.0 [+ 2.2]).

4.3.3 Effect of adjudication on mail-based direct follow-up

Of the 1215 major bleeds reported via mail-based direct follow-up, 58.4% (710) were
refuted during adjudication, with 496 being considered to be minor bleeds and 214 not being
considered a bleeding event (Supplemental Table 4.12). These results differed by
bleeding type: adjudication confirmed 92.2% (83/90) of participant reported intracranial
haemorrhages and just over two-thirds (69.5% [221/318]) of reported serious
gastrointestinal bleeding events (Table 4.2). For sub-components of gastrointestinal
bleeding, adjudication confirmation rates were far higher for upper (83.3% [135/162])
compared to lower gastrointestinal bleeding (47.6% [71/149]; Supplemental Table 4.13).
Confirmation rates were low for sight threatening eye bleeding (16.8% [94/560]) and other

major bleeding (30.2% [94/311]; where haematuria (23.8% [31/130]) and vaginal bleeding

100



(13.9% [10/72]) had the poorest confirmation rates for sub-components of the other major

bleeding outcome (Supplemental Table 4.14).

For the any major bleeding outcome, when randomised analyses were re-run using pre-
adjudicated direct follow-up, compared to adjudicated direct follow-up, the relative effects
of allocation to aspirin were similar (pre-adjudicated: aspirin 666 [8.6%)] vs placebo 549
[7.1%]; RR 1.22, 95% CI 1.09-1.37; Figure 4.1). Analyses by bleeding type showed similar
relative effect estimates before and after adjudication for intracranial haemorrhage (pre-
adjudicated: RR 1.30, 95% CI 0.86-1.97) and serious gastrointestinal bleeding (1.24, 95%
Cl1 0.99-1.54); with larger differences for other major bleeding (1.27, 95% CI 1.02-1.59) and
a complete shift in direction for eye bleeding (1.17, 0.99-1.37). For the any major bleeding
outcome the absolute effects before adjudication were almost double that of after

adjudication (+11.3 per 5000 person-years [mean standard error +2.1]; Figure 4.3).

4.4 Discussion

In these analyses from the ASCEND"® randomised trial, compared to adjudicated direct
follow-up, this study found that by applying an algorithm to UK routinely collected
hospitalisation and death registry data, major bleeding events (a composite of any
intracranial haemorrhage, sight-threatening bleeding in eye, serious gastrointestinal
bleeding, and other major bleeding) identified using routine data follow-up provided a similar
estimate of the relative effects of aspirin versus placebo. Between the two data sources this
study found moderate levels of agreement, with both routine data and adjudicated direct
follow-up missing some major bleeding events. Analysis by bleeding type found that for
intracranial haemorrhage, sight-threatening bleeding in eye, and serious gastrointestinal
bleeding the rate ratios were almost identical, however, for other major bleeding (which
included epistaxis, haemoptysis, haematuria, vaginal, and other bleeding) routine data
provided a lower estimate of the relative effects of aspirin compared to adjudicated direct
follow-up. Despite these differences, the interpretation of ASCEND’s aspirin randomised

comparison (i.e. the benefits of aspirin being largely counterbalanced by the bleeding
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hazard) would have not changed had follow-up been solely via routinely collected data.
These important results complement findings from ASCEND'’s analyses of serious vascular
outcomes® in CHAPTER 3 which also suggested UK routine data represent a potentially
cost-efficient method to ascertain trial outcomes during both within and post-trial periods,
and does not necessarily require clinician adjudicator review to provide reliable estimates

of an intervention’s effect.

For major bleeding events, ASCEND is one of the first published studies to compare relative
and absolute treatment effects from a large-scale randomised trial using adjudicated-direct
follow-up versus the hypothetical scenario that follow-up had been solely through routinely
collected data. A previous study using data from the HEART-PPCI®8 trial (see CHAPTER 2
for further details) in England concluded that, due to the low specificity of routine data
identified major bleeding events (sensitivity 64.6, 95% CI 57.9—70.4; specificity 88.6%, 95%
Cl 86.7%-90.0%), randomised trials should avoid using such sources of follow-up data.
However, the findings from this study was limited by the absence of an appropriate
algorithm to subcategorise bleeding events into major or minor, our findings suggested that
when no algorithm was applied to the routine data the significant bleeding hazard of aspirin
would have been missed. In contrast, ADAPTABLE trial®® in the US developed a simple
routine data algorithm to define major bleeding (i.e. hospitalisation for bleeding with
associated blood transfusion), that was then validated early on in the trial by adjudicating a
subset of all events (yielding a positive predictive value 93%).1°” This allowed the trial to
follow-up participants almost solely via routine data sources for their primary safety
outcome of major bleeding, without the need for verification by clinical adjudication. The
findings from ASCEND®® provide reassurance that approaches used by the ADAPTABLE
trial can be extrapolated to large-scale streamlined cardiovascular trials conducted in the

UK.

In ASCEND’s primary prevention diabetic population the routine data major bleeding

algorithm categorised 559 of 1690 (35.4%) bleeding events recorded in the routine hospital

102



admission and death registry data as major bleeding events. The proportion of all recorded
bleeds that were major in ASCEND was higher than a previous study following-up people
hospitalised with acute coronary syndrome, where adjudication of all routine hospital
admission data recorded bleeding led to 17.8% being categorised as major (213/1194).1%8
However, definitions of major bleeding differed with ASCEND, as only bleeding events with
a BARC" score of 3-5 or ISTH® (International Society of Thrombosis and Haemostasis)
criteria were considered major, thus people hospitalised due to a bleeding event but with
no further severity factors were excluded from these definitions. Additionally, the study
selected a wider range of ICD-10 codes to identify bleeding events that also included codes
for iron deficient anaemia and acute post haemorrhagic anaemia (i.e. codes not included in
this ASCEND study definition). Despite such differences, where adjudication of bleeding
subtypes may be necessary (e.g. haematuria, vaginal bleeding, epistaxis, hematemesis),
this previous study proposes a viable method of event verification while maintaining the

cost saving benefits of not directly contacting participants.

This analysis of the ASCEND trial highlights the challenges of ensuring complete follow-up
for major bleeding outcomes when using either adjudicated direct mail-based follow-up or
routinely collected data. When comparing these two methods of follow-up, we found that
although there was moderate agreement, over two-hundred major bleeding were either
reported in adjudicated direct follow-up alone or routine data only. Adjudicated mail-based
follow-up may have missed some events, at least for intracranial haemorrhage and serious
gastrointestinal bleeding, however, as these routine data only identified events were not
adjudicated we cannot say for certain whether these were in fact true events. For the major
bleeding events only identified in adjudicated direct follow-up, the majority had a
corresponding routinely collected hospitalisation record, but either the record gave no
indication of bleeding severity or no bleeding code was recorded. Although there has been
an expansion in sources of routine data available for UK clinical trials,®>% secondary care

datasets that could help categorise bleeding events are not yet collected nationally.%?
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Expanding existing hospital data flows to also include within-hospital prescribing, laboratory
results, and standardised patient discharge summaries could improve our algorithm’s

performance at ascertaining major bleeding events from routine data.

Although this study found that routine data provided similar estimates of the relative effects
of aspirin on major bleeding, these data failed to identify almost 40% of the bleeding events
identified by adjudicated direct follow-up. There are clear benefits to efficiency and the
streamlining of trial conduct by using routine data but this study has also identified some
potential risks, in particular by missing important safety events this limits the ability for the
data monitoring committee (DMC) to assess the safety of the intervention and may lead to
the underestimation of absolute harm to patients. Additionally, with considerable delays in
trials receiving routine data, trial teams may not able to reliably and rapidly report safety

concerns to the trial chief investigators and thence to the DMC.

When components of the major bleeding outcome were analysed, agreement and treatment
effect estimates between adjudicated direct follow-up and routine data varied substantially,
with intracranial haemorrhage and serious gastrointestinal bleeding appearing to be reliably
recorded in the routine data. For sight-threatening eye bleeding routine hospital admission
data appeared to be a poor source of information, with events dates at least 6 months after
adjudicated direct follow-up, or more often, no record of eye bleeding was present. These
findings were corroborated by ASCEND’s investigators who found that during the study
most people requiring laser photocoagulation, surgery or intra-ocular injections or any intra-
ocular bleeding resulting in permanent visual loss were seen in retinopathy clinics outside
of the hospital inpatient setting. For other major bleeding, where a hospitalisation had to
have occurred, the routine hospital admission data either didn't have a bleeding code
recorded or was not recorded in the primary position. Similar to findings in the pre-
adjudicated data, it remains to be challenging to identify serious haematuria and vaginal

bleeding events.
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A number of studies have reported on the impact of clinical adjudication on investigator
reported and participant reported cardiovascular events.®*11%-113 However, the accuracy of
mail-based participant reported bleeding events compared to clinical adjudication has not
been previously reported. Despite the fact that a large number of pre-adjudication bleed
events were refuted by the adjudication process, the relative effects of aspirin on pre-
adjudicated outcomes was only slightly lower than the effects on adjudicated outcomes,
presumably because aspirin also increases the risk of minor bleeding. However, as over
half the participant reported major bleeding events were refuted during adjudication, the
absolute effects of aspirin were found to be materially different, with pre-adjudicated follow-
up providing an absolute bleeding hazard almost double that of the adjudicated data. Thus
clinical adjudication may still be necessary in order to adequately weigh up the absolute

harms and benefits of anti-platelet therapy (see Figure 4.3).

4.4.1 Strengths and limitations

This is an important study, as previous to this, little was understood of the reliability of UK
routine data at ascertaining major bleeding events, in particular whether the use of such
streamlined methods impact relative and absolute bleeding hazard estimates. Compared
to the complex major bleeding definitions outlined in the introduction, ASCEND had a
simple pragmatic definition that was directly transferable to the routine data. In addition,
with over five-hundred major bleeding events, this study was able to assess the reliability
of routine data ascertained major bleeding by site, thus providing insights into which major
bleeding components may need to be supplemented by direct-participant follow-up. As the
study assessed the impact of adjudicating mail-based participant follow-up, these results
are also important for trials aiming to streamlined follow-up in non-UK countries where

routine data may not be available/reliable.

There are some limitations of the current analyses. First, the ASCEND database did not
have the associated medical notes to verify or refute the 281 major bleeds identified in

routine data only. Secondly, ASCEND used innovative mail-based methods, so
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comparisons with site-investigator reported major bleeding were not possible. Thirdly,
findings are based on the particular definition of major bleeding used in ASCEND; these
definitions were an adaptation of the BARC’’ and are still likely to be widely relevant.
Additionally, the algorithm developed in ASCEND has not yet been validated in an external
cohort, this is an important step to assess its performance before wider use. Finally, the
ASCEND trial was carried out in the UK which has a national health service, the study
therefore was not able to assess the reliability of routine data in non-UK countries, including
those that do not have a single national healthcare provider nor if trials are conducted

across different countries.

4.5 Summary

In summary, these analyses of the ASCEND randomised trial found that major bleeding
events ascertained via applying an algorithm to UK routinely collected hospital admission
and death registry data provided relative and absolute treatment effects similar to
adjudicated direct participant follow-up. These results suggest UK routine data represent a
potentially cost-efficient method to ascertain major bleed trial outcomes during both within
and post-trial periods, either to supplement existing methods or to be used on its own. But,
further work is needed to validate this algorithm in other trial populations. Finally, this study
found that clinical adjudication of mail-based direct-participant follow-up may still be
necessary in order to adequately weigh up the absolute harms and benefits of anti-platelet

therapy.
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Chapter 4 Tables and figures

Tables/Figures Title

Table 4.1

Table 4.2

Figure 4.1

Figure 4.2

Figure 4.3

Agreement between routine data and adjudicated direct follow-up for
first major bleeding event in the ASCEND trial

Comparison between pre and post adjudicated direct follow-up for first

major bleeding event in the ASCEND trial

Effect of allocation to aspirin versus placebo on any major bleeding in
the ASCEND trial

Effect of allocation to aspirin versus placebo on any major bleeding in
the ASCEND trial, by routine data algorithm

Observed absolute effects of allocation to aspirin (A) versus placebo
(P) in the ASCEND trial
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Figure 4.1 Effect of allocation to aspirin versus placebo on any major bleeding

in the ASCEND trial

Adjudicated direct follow-up g
(as reported by main publication)

Pre-adjudicated direct follow-up [l

Routine data follow-up W

Aspirin Placebo .

(n=7,740) (n=7,740) Rate ratio (95% Cl)
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76 (1.0%) 61 (0.8%) S I 1.24 (0.89-1.74)

57 (0.7%) 64 (0.8%) S 0.89 (0.62-1.27)

Sight-threatening 301 (3.9% 259 (3.3% 117 (0.99-1.37
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. - 137 (1.8%) 101 (1.3%) — - 1.36 (1.05-1.75)
;Zr:;‘i‘: gastrointestinal 176 (2.3%) 142 (1.8%) S 1.24 (0.99-1.54)
g 133 (1.7%) 94 (1.2%) — = 1.41 (1.09-1.83)

74 (1.0%) 43 (0.6%) —_— > 1.70 (1.18-2.44)

Other major bleeding 174 (2.2%) 137 (1.8%) —i— 1.27 (1.02-1.59)
85 (1.1%) 79 (1.0%) — 1.08 (0.79-1.46)

314 (4.1%) 245 (3.2%) TP 1.29 (1.09-1.52)

Any major bleeding 666 (8.6%) 549 (7.1%) = 1.22 (1.09-1.37)
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Log-rank methods were used to calculate the rate ratio and 95% confidence intervals. *The

pre—adjudicated direct follow-up outcome included all eye bleeds. Cl = Confidence interval.
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Figure 4.2 Effect of allocation to aspirin versus placebo on any major bleeding

in ASCEND, by routine data algorithm

Placebo
(n=7,740)

Aspirin
(n=7,740)

Rate ratio (95% Cl)

Routine data algorithms:

Considered W

Selected for analyses* [l

Adjudicated direct follow-up W

Absolute effect

No algorithm applied to routine data

Any bleeding code on hospital 866 (11.2%) 824 (10.6%)
record

One-factor-severity algorithms applied to routine data
Bleeding code as primary diagnosis 574 (7.4%) 561 (7.2%)
Bleeding code in 1st/2nd position 726 (9.4%) 680 (8.8%)
484 (6.3%) 440 (5.7%)
444 (5.7%) 388 (5.0%)

539 (7.0%) 464 (6.0%)

Emergency admission
Nights in hospital >1
Nights in hospital >0
Two-factor-severity algorithms applied to routine data

333 (4.3%) 285 (3.7%)
396 (5.1%) 336 (4.3%)

Primary diagnosis + emergency
1st/2nd diagnosis + emergency
Primary diagnosis + nights >0 327 (4.2%)
271 (3.5%)
422 (5.5%)

340 (4.4%)

272 (3.5%)
220 (2.8%)
337 (4.4%)
270 (3.5%)

Primary diagnosis + nights >1
1st/2nd diagnosis + nights >0
1st/2nd diagnosis + nights >1
Three-factor-severity algorithms applied to routine data
298 (3.9%)
359 (4.6%)

Primary + nights >0 + emergency 246 (3.2%)

1st/2nd + nights >0 + emergency 292 (3.8%)

Primary + nights >1 + emergency 257 (3.3%) 205 (2.6%)

1st/2nd + nights >1 + emergency 304 (3.9%) 240 (3.1%)

Routine data algorithm selected for analyses*

Primary diagnosis + nights >0 327 (4.2%) 272 (3.5%)

Adjudicated direct follow-up (as reported by main publication)

Any major bleeding 314 (4.1%) 245 (3.2%)

-/

T
0.7

1

1.05 (0.96-1.16)

1.02 (0.91-1.15)
1.07 (0.96-1.19)
1.10 (0.97-1.26)
1.15 (1.00-1.31)
1.17 (1.03-1.32)

1.17 (1.00-1.37)
1.18 (1.02-1.37)
1.21 (1.03-1.41)
1.23 (1.03-1.47)
1.26 (1.09-1.45)
1.26 (1.08-1.48)

1.21 (1.03-1.44)

1.23 (1.06-1.44)

1.26 (1.05-1.51)

1.27 (1.07-1.50)

1.21 (1.03-1.41)

1.29 (1.09-1.52)

1.6

Aspirin  Placebo

better

better

+40+338

+12+3.1
+44+35
+41x27
+70x29
+51+26

+44+22
+55+24
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+46+20
+78+25
+63x22

+47+21

+6.1+23

+47+19

+58+21

+50x22

+6.3%21

Log-rank methods were used to calculate the rate ratio and 95% confidence intervals. Absolute
effects expressed as numbers of events per 5000 person-years, plus—minus values are means *
standard error. *All algorithms presented were considered, selection of algorithm for major bleeding
in routine data was conducted by clinicians when blinded to results of the randomised comparison.
1st/2nd = Bleeding code in 15t or 2" position. Cl = Confidence interval. Emergency = Emergency
admission. Nights = Nights in hospital. Primary = Bleeding code as primary diagnosis.
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CHAPTER S5 Comparison of England routinely collected data
with  adjudicated direct follow-up: analyses of major
atherosclerotic events and kidney replacement therapy in people
with CKD from the SHARP trial

The pre-adjudicated direct follow-up analysis in this chapter was published in Kidney
International Reports:

Herrington WG*, Harper C*, et al. Impact of Outcome Adjudication in Kidney Disease Trials:
Observations from the Study of Heart and Renal Protection. Kidney International Reports
2023; 8(8): 1489-1495. *Joint first authors.

Chapter summary

Aims: To assess, in people with moderate-to-advanced chronic kidney disease (CKD): (1)
how reliable England routine data are for ascertaining major atherosclerotic events (MAES)
and kidney replacement therapy (KRT) outcomes compared with adjudicated direct follow-

up data, and (2) the impact of adjudication on clinic-based follow-up.

Methods: The Study of Heart and Renal Protection (SHARP) was a large double-blind
placebo-controlled trial in 9270 people with moderate-to-advanced CKD conducted
between 2003 and 2010 comparing simvastatin plus ezetimibe versus matching placebos.
The primary outcome was any MAE (a composite of non-fatal Ml, coronary death, non-
haemorrhagic stroke, or arterial revascularisation [excluding dialysis access]), with the
secondary outcome being initiation of KRT (including maintenance dialysis and kidney
transplantation). The SHARP trial used clinic-based participant follow-up (i.e. pre-
adjudicated direct follow-up), in which the majority of reported primary and secondary

outcomes underwent adjudication (i.e. adjudicated direct follow-up).

(1) Routine data analysis
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1574 SHARP participants living in England were linked to their routinely collected hospital
admission and death registry data (i.e. routine data). Primary and secondary outcomes
ascertained using these data were compared to adjudicated direct follow-up. For the MAE
outcome, all 1574 participants were included in the analysis, while for KRT, 1109
participants not on dialysis at randomisation were included. Kappa statistics were used to
assess overall agreement. There were too few events in the SHARP England cohort to re-

run the trial’s randomised comparisons using routine data only.

(2) Pre-adjudicated direct follow-up analysis

All 9270 SHARP participants were included in the pre versus post adjudication comparisons
for MAE, while for KRT, 6245 participants not on dialysis at randomisation were included.
Clinical outcome classification were compared before versus after adjudication, and then
SHARP’s randomised comparisons of the effects of simvastatin/ezetimibe versus placebo

were re-ran using pre-adjudicated direct follow-up data.

Results:

(1) Routine data analysis

For the 1109 SHARP participants living in England and not on dialysis at baseline, 386 KRT
outcomes were reported, agreement between adjudicated direct follow-up and routine data
was very strong (kappa 0.87, 95% confidence interval [CI] 0.84-0.90). In the 1574 SHARP
participants living in England, agreement between both data sources was moderate-to-
strong for the 178 reported MAEs (kappa 0.67, 95% CI1 0.61-0.72), in which agreement was
stronger in participants not on dialysis at baseline. Routine data identified 100 additional
MAESs, these were mostly non-coronary revascularisations related to dialysis access, and

major coronary events adjudicated to non-atherosclerotic causes.

(2) Pre-adjudicated direct follow-up analysis
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For the 6245 SHARP participants not on dialysis at baseline, adjudication had little impact
on the KRT outcome, with only 1% of events being refuted (28/2115). Consequently,
randomised comparisons using pre-adjudicated direct follow-up found almost identical
results (pre-adjudication: simvastatin/ezetimibe 1038 vs placebo 1077; risk ratio [RR] 0.95,
95% CI 0.88-1.04; post-adjudicated: 1057 vs 1084; RR 0.97, 95% CI 0.89-1.05). In all 9270
SHARP participants, for MAEs, about one-quarter of patient reports were refuted (324/1275
[25%]), and reviewing 3538 other potential vascular events and death reports identified only
194 additional MAEs. Nevertheless, randomised analyses using SHARP’s pre-adjudicated
data alone found similar results to analyses based on adjudicated outcomes (pre-
adjudication: 573 vs 702; RR 0.80, 95% CI 0.72-0.89; post-adjudicated: 526 vs 619; RR
0.83, 95% CI 0.74-0.94), and also suggested refuted MAEs were likely to represent

atherosclerotic disease (RR for refuted MAEs 0.80, 95% CI 0.65-1.00).

Conclusions: In summary, for populations with moderate-to-severe CKD, routinely
collected hospital admission and death registry data in England may be reliable enough to
ascertain kidney replacement therapy and major atherosclerotic event outcomes, but
adjudication of non-coronary revascularisations may be necessary to exclude procedures
related to dialysis access. For clinic-based follow-up of KRT and MAEs, verification via
clinical adjudication made no material difference to SHARP’s primary results, and over strict
adjudication criteria for MAEs may also have led to the trial underestimating the relative and

absolute treatment effects among people on dialysis.
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5.1 Introduction

Analyses presented in CHAPTER 2 and CHAPTER 3 have consistently shown that UK
routinely collected hospital admission and death registry data are a reliable source of follow-
up for non-fatal Mis, hospitalised stokes, vascular deaths, and revascularisations. Yet these
analyses were limited to populations (i.e. diabetes, hypercholesterolemia, prior coronary
disease) that did not include people with moderate-to-severe chronic kidney disease (CKD;
i.e. estimated glomerular filtrations rate <60ml/min). People with CKD are an understudied
high risk group and may be as prevalent as 10% in the UK adult general population.t
Atherosclerotic risk is high in CKD, but non-atherosclerotic cardiac events (e.g., heart failure
and sudden cardiac death) also become increasingly common as kidney function
decreases, and predominate over atherosclerotic cardiovascular disease once patients
require kidney replacement therapy.>>®° More trials assessing potential interventions to
reduce cardiovascular risk in CKD are required, and such trials need to test interventions
that may modify atherosclerotic and non-atherosclerotic disease processes, yet they rarely
attract funding at the level available for industry-funded trials.'*> Streamlined approaches
to participant follow-up in kidney trials, such as utilising health data collected during a
patient’s routine care (i.e. routine data) and identifying where adjudication of clinic-based
follow-up for particular outcomes may not necessary, could help increase the number

practice-changing trials in nephrology.

In addition to people with CKD being a high risk understudied population, presentation of
atherosclerotic cardiac events are often atypical and more complex to diagnose. Key
reasons for this include: (1) CKD being associated with heart muscle wall thickening
(ventricular hypertrophy) which can make interpretation of the electrocardiogram
challenging; (2) troponin, a key marker for the diagnosis of myocardial infarction, is often
elevated in people with CKD in the absence of infarction; (3) patients with CKD often
develop small blood vessel disease which are not always evident on angiogram; and (4)

atypical symptoms are more common than the classical presentation with chest pain.5°
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Therefore it is important that the reliability of UK routine data to ascertain atherosclerotic
events is assessed in people with CKD, as there may be particular differences to non-CKD

populations.

This chapter uses data from the SHARP%!! (Study of Heart and Renal Protection) trial of
simvastatin plus ezetimibe versus matching placebo in people with moderate-to-severe
CKD. The trial’s primary outcome was major atherosclerotic events (MAEs; a composite of
non-fatal MI, coronary death, non-haemorrhagic stroke, or arterial revascularisation) and
secondary outcome was kidney replacement therapy (KRT; a composite of maintenance
dialysis and kidney transplantation). The aim of the analyses presented in this chapter was
to assess the reliability: (1) of routinely collected hospital admission and death registry data
at ascertaining MAEs and KRT in SHARP patrticipants living in England; and (2) of KRT and
MAEs reported by patients in clinic compared to outcomes derived following adjudicated

direct follow-up.

5.2 Methods

5.2.1 The SHARRP trial

SHARP’s design and results have been reported previously in CHAPTER 1.1%% Briefly,
between 2003 and 2006, 9270 people with CKD were randomly assigned to simvastatin 20
mg plus ezetimibe 10 mg daily versus matching placebos. The primary composite outcome
was major atherosclerotic events (MAES) defined as non-fatal myocardial infarction (MI) or
coronary death (together referred to as major coronary events), non-haemorrhagic stroke
(ischaemic and unknown subtypes combined), or arterial revascularisation (coronary or
non-coronary, excluding dialysis access). SHARP’s secondary outcome of kidney
replacement therapy (KRT) was defined as initiation of maintenance dialysis (defined as
planned dialysis initiation or dialysis status for 23 months) or receipt of a kidney transplant.
During a median follow-up of 4.9 years, compared to placebo, allocation to simvastatin plus
ezetimibe reduced low density lipoprotein cholesterol (LDL) by an average of 0.85 mmol/L

(standard error 0.02) and reduced risk of MAE by 17% (95% confidence interval [CI] 6% to
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26%; 526 [11.3%] simvastatin/ezetimibe vs 619 [13.4%] placebo). In the subset of 6247
participants not on dialysis at baseline, study treatment had no effect on risk of needing to

start KRT (1057 [33.9%] vs 1084 [34.6%]; risk ratio [RR] 0.97, 95% CI 0.89-1.05).

5.2.2 Clinic-based follow-up and adjudication

The main method of follow-up was clinic-based systematic interviews of participants (or
with relatives/clinicians in the event of death) every 6 months. Participants’ answers were
recorded and coded in real-time directly into clinical terms on a computer-system by trained
local research coordinators. Specific descriptive codes for initiation of maintenance
haemodialysis and peritoneal dialysis were used, with temporary dialysis distinguished
using the code “acute-on-chronic renal failure requiring dialysis”. Free text descriptions of
events, recoded by central study clinicians, were only used when local research
coordinators (usually a trained nurse) were uncertain about an appropriate clinical term.
There was no requirement for direct review of reported events by a local physician
investigator to confirm the report, and are referred to as “pre-adjudicated direct follow-up”
in this chapter. All deaths, potential MAEs and KRTs were then subject to clinical
adjudication. The central coordinating office requested documentation (e.g. hospital
discharge summaries, death certificates, clinical investigation reports, vascular access
procedures) for each of these potential outcomes. Any mentioned use of lipid-modifying
drugs and laboratory measurements of lipids were redacted before documents were made
available to nephrologist adjudicators blind to treatment allocation. They followed a
standard operating procedure containing pre-specified diagnostic criteria. Adjudication
documents were available in >95% of potential outcomes and are referred to as

“adjudicated direct follow-up” in this chapter.

5.2.3 Routinely collected death records and hospital admission data in England
For the SHARP patrticipants living in England, death records were also obtained from the
Office for National Statistics via NHS England®. These data included date of death,

underlying and other contributing causes of death. Participants were also linked to their
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routinely collected hospital admission records, these data were obtained from NHS England
(Hospital Episode Statistics Admitted Patient Care)3!. Information used for these analyses
included: primary and any secondary diagnoses; any operations and procedures; and

admission dates.

Events related to kidney replacement therapy (e.g. initiation of dialysis, recipient of kidney
transplant, insertion of arteriovenous fistula or graft) were identified in hospital admission
data using ICD-10 diagnosis codes in any diagnostic position (i.e. primary or secondary)
and OPCS-4 procedure codes (Supplemental Table 5.1). A previously developed
algorithm by the Oxford CTSU Renal Studies Group’s was then applied to the data to
identify KRT events, including its components of kidney transplantation and maintenance
dialysis (see Supplemental Table 5.2 for full-details of the algorithm). In brief, the algorithm
excluded kidney transplantations where a removal code (i.e. excision of rejected
transplanted kidney) was recorded within 90 days, and initiation of dialysis where a code of
acute kidney injury was present (with additional criteria related to an insertion of an

arteriovenous fistula/graft and a diagnosis of end-stage kidney disease).

Coronary heart disease and non-haemorrhagic stroke deaths were identified from the ICD-
10 underlying cause of death on the mortality record (Supplemental Table 5.3). Non-fatal
myocardial infarctions and non-haemorrhagic strokes were identified in hospital admission
data using ICD-10 diagnosis codes in any diagnostic position (i.e. primary or secondary).
The event date was assumed to be the admission date as there was no diagnosis date in
the available routine data. Any arterial revascularisation procedures (including dates) were
identified using OPCS-4 codes (Supplemental Table 5.3 and 5.4). Myocardial infarctions
and non-haemorrhagic strokes were assumed to be non-fatal if the date of event was
between randomisation and 30 days prior to death. Events identified through routinely
collected data did not undergo clinical adjudication and are referred to as “routine data” in

this chapter.
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5.2.4 Statistical analyses

For the routine data analysis, the MAEs comparison included all randomised participants
living in England whom did not subsequently withdraw from the study (Figure 5.1). While
the kidney replacement therapy analysis included a subset of these England participant not
reported to be on dialysis at baseline (i.e. date of randomisation). Both analyses included
only those events that occurred between randomisation and date of death or censoring.
Outcomes identified using routine data were compared to those from adjudicated direct
follow-up. For each outcome, participants were categorised as having: “outcome in both
datasets”, “outcome in routine data only”, “outcome in adjudicated follow-up alone”, or “no
such outcome in either dataset”. Levels of agreement between the two data sources were
assessed using sensitivity and specificity with 95% confidence intervals (see Appendix 1

Statistics of agreement).® Overall levels of agreement were estimated using the kappa

statistic with 95% confidence intervals.®

Differences in kappa statistics between subgroups were assessed using heterogeneity
testing,%%” including analyses by participants’ mean age (<62 vs 262-years), sex (male vs
female), diabetes at baseline, prior vascular disease, and dialysis at baseline (for the MAE
analysis only). Where there was agreement between the two sources of outcome data (i.e.
outcome in both datasets), the event dates were compared. Differences were presented
as: exact match (same day), 1-7 days, 8-30 days, 31-90 days, 91-180 days, and >180 days.
Where events did not agree, adjudicated direct follow-up and routine data records (within 1
year for KRT outcomes and 90 days for MAES) were searched in order to ascertain why the
event may have been missed. Sensitivity analyses restricted to only using diagnoses in the
primary position of the hospital admission record. There were two few events in the England
subset of the SHARP cohort to be able to re-run the trial’s randomised comparisons using

routine data only.

The pre-adjudicated direct follow-up analysis included all SHARP participants randomised

(Figure 5.1). Tabulations of pre-adjudication versus post-adjudication outcome categories
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(based on the first relevant event in each category) were constructed and the proportion of
pre-adjudicated outcomes refuted by adjudication calculated. Agreement statistics were not
presented as the two outcome datasets were not independent. Differences between event
dates before and after adjudication were presented as categories, including: exact match,
1-7 days, 8-30, 31-90, 91-180, and >180 days. Randomised comparisons of the effect of
allocation to study intervention using intention-to-treat time-to-first event log-rank methods
were re-run, presenting rate ratios (RRs) with 95% confidence intervals.11:535411¢ These
analyses were conducted for maintenance KRT and MAE outcomes based on pre-
adjudication participant-reports and compared with the published post-adjudication
outcome data.'*'® The 95% confidence interval for the difference between RRs was
estimated using bootstrap methods. These methods used 1000 re-samplings, with
replacement, where the difference in point estimate was recalculated in each bootstrap
sample. For MAE, analyses were also performed using refuted, unrefuted, and “identified
by adjudication” events only; and considering separately patients not on dialysis or on
dialysis at randomisation. All analyses were conducted using SAS version 9.4 and R version

4.2.2.

5.3 Results

5.3.1 Baseline characteristics of SHARP participants

Of the 9270 SHARP patrticipants, 1574 (17.0%) participants living in England were included
in the routine data analyses (Figure 5.1). Compared to the 7696 participants not included
in the routine data analysis, baseline characteristics were mostly similar, except for baseline
diabetes (11.4% England vs 24.9% not England), sex (70.1% male vs 61.0%), and age 270
years (32.5% vs 27.3%; Supplemental Table 5.5).

5.3.2 Routine data analysis of KRT based on 1109 SHARP participants living in
England and not on dialysis at randomisation

Of the 1574 SHARP participants living in England, the kidney replacement therapy analyses

included 1109 participants not reported to be on dialysis at baseline (Figure 5.1). During
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the trial follow-up period there were 386 participants with an unrefuted KRT event within
adjudicated direct follow-up, of which 351 were also identified in the routine data, so
sensitivity was 90.9% (95% confidence interval [CI] 88.1%-93.8%; Table 5.1). Twenty-nine
KRT events were recorded in routine data alone and 694 participants had no event in either
dataset, thus specificity was 96.0% (95% CIl 94.6%-97.4%). Overall agreement between
routine data and adjudicated direct follow-up for KRT was very strong (kappa 0.87, 95% ClI
0.84-0.90) and consistent across subgroups (Supplemental Table 5.6). For the 351 KRT
events identified in both adjudicated direct follow-up and routine data, 288 (82%) had dates

accurate to within 6 months of one another (Supplemental Table 5.7).

When broken down by KRT subcomponents, agreement was very strong for the kidney
transplant outcome (kappa 0.94, 95% CI 0.91-0.97). Of the 8 kidney transplant events
reported in adjudicated direct follow-up only, one had a kidney transplant code in the routine
data but did not satisfy the algorithm, one had a code for “hypertensive renal disease with
renal failure”, and 6 had no renal code recorded within 1 year (Supplemental Tables 5.8).
For the 6 transplant events recorded in routine data only, 3 had a clinic-based report for
“creation of permanent arteriovenous fistula”, one had a report of acute-on-chronic renal

failure requiring dialysis, and 2 had no renal event reported within 1 year.

For maintenance dialysis, agreement was also strong (kappa 0.85, 95% CI 0.88). Thirty-
five dialysis events were reported in adjudicated direct follow-up alone, of which 5 (14%)
had a dialysis code in the routine data but did not satisfy the algorithm, 15 (43%) had a non-
dialysis renal code recorded (e.g. hypertensive renal disease with renal failure, chronic
renal failure unspecified), and 15 (43%) with no renal code (Supplemental Tables 5.9). Of
the 37 dialysis events recorded in routine data only, none were clinic reported events
refuted during adjudication, 23 (62%) had a non-dialysis renal code reported (e.g. creation
of permanent arteriovenous fistula, living donor renal transplantation, acute on chronic renal

failure requiring dialysis), and 14 (38%) with no renal code within 1 year.
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5.3.3 Routine data analysis of MAE based on 1574 SHARP participants living in

England

All 1574 participants living in England were included in the MAE routine data analysis
(Figure 5.1). Of the 178 MAEs identified in adjudicated direct follow-up, routine data
identified 153, thus sensitivity was high (86.0%, 95% CI 80.9%-91.1%; Table 5.1). Routine
data identified 100 additional MAEs not reported by adjudicated direct follow-up (including
47 non-coronary revascularisations, 31 coronary deaths, 14 non-fatal myocardial
infarctions, 7 non-haemorrhagic strokes, and 1 coronary revascularisation), thus specificity
was moderate (92.8%, 91.5%-94.2%). Overall agreement between the two data sources
was moderate-to-strong (kappa 0.67, 95% CI 0.61-0.72). For the 153 MAESs recorded in
routine data and adjudicated direct follow-up, 128 (83%) had dates in routine data accurate

to within 90 days of adjudicated direct follow-up (Supplemental Table 5.7).

Agreement was mostly consistent within subgroups, except for small differences by age
(<62 years: kappa 0.56, 95% CI 0.44-0.67; vs 262 years: 0.71, 95% CI 0.65-0.78), and
dialysis status at baseline (dialysis: 0.58, 95% CI 0.48-0.68; vs no-dialysis: 0.72, 95% ClI
0.65-0.79; Supplemental Table 5.10), where routine data accuracy was far higher in
participants not on dialysis at baseline (dialysis: specificity 86.6%, 95% CI 83.3%-90.0%;
vs no-dialysis: 95.3%, 95% CIl 94.0%-96.6%). Additionally, there were no differences in
agreement when MAEs were restricted to codes recorded in the primary diagnosis only

(Supplemental table 5.11).

By components of the MAE outcome, routine data sensitivity was high for coronary deaths
(87.2%, 95% CI 77.7%-96.8%) and revascularisations (93.0%, 87.6%-98.4%), but was
lower for non-haemorrhagic strokes (72.2%, 57.6%-86.9%) and lowest for non-fatal Mls
(63.5%, 50.4%-76.5%). For the 19 non-fatal Mls not recorded in the routine data, only one
had no routine hospital record within 90 days, and 11 (58%) had a code for ischaemic heart

disease (e.g. atherosclerotic heart disease and angina; Supplemental Table 5.12). Further
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details about the MAEs reported only in adjudicated direct follow-up can be found in

Supplemental Tables 5.13 to 5.17.

The 100 MAEs recorded in routine data only were mostly non-coronary revascularisations
(specificity 96.3%, 95% CIl 95.4%-97.2%), coronary deaths (97.4%, 96.6%-98.2%), and
non-fatal Mis (98.6%, 98.0%-99.2%). When these events were investigated further, for the
57 non-coronary revascularisations: 6 (11%) were patient-reported non-coronary
revascularisations refuted after adjudication (e.g. infected toe, transplant renal artery
angioplasty); 27 (47%) had a procedure related to dialysis access (i.e. arteriovenous
fistula/graft) or kidney transplant; 11 (19%) with a non-KRT related event; and 13 (23%)
with no event reported within 90 days (Supplemental Table 5.17). For the 40 coronary
deaths in routine data only: 8 (20%) were reported as coronary deaths then adjudicated to
another cause (e.g. cardiac death, heart failure, limb ischaemia); 28 (70%) were both
reported and adjudicated as a non-coronary cause of death (e.g. death out-of-hospital,
cardiac death, heart failure); and 4 (10%) had no death record in the adjudicated follow-up
database (Supplemental Table 5.13). Finally, for the 22 non-fatal myocardial infarctions:
6 (27%) were patient-reported myocardial infarctions refuted after adjudication; 12 (55%)
had a non-MI event (e.g. angina, atrial fibrillation, coronary angioplasty, heart failure,

pericarditis); and 4 (18%) had no event within 90 days (Supplemental Table 5.12).

5.3.4 Pre-adjudicated direct follow-up analysis of KRT based on 6245 SHARP

participants not on dialysis at randomisation

For the 6245 SHARP participants not on dialysis at randomisation, 2115 KRT events were
reported, of which less than 1% (n=28) were refuted by adjudication (Table 5.2). Only one
of the 504 reported kidney transplant events was refuted. Adjudicating 312 events reported
as acute-on-chronic renal failure events requiring dialysis identified an additional 54
maintenance KRT events. Differences in reported dates of start of maintenance KRT

between datasets of >30 days were uncommon (<7%, Supplemental Table 5.18).
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Randomised analyses using pre-adjudicated direct follow-up showed that allocation to
simvastatin/ezetimibe had no effect on risk of maintenance KRT (simvastatin/ezetimibe
1038 vs placebo 1077; RR 0.95, 95% CI 0.88-1.04), almost identical to results from
adjudicated direct follow-up (1057 vs 1084; RR 0.97, 95% CI 0.89-1.05; Figure 5.2). The
95% CI for the -0.01 difference between these RRs was -0.03 to 0.00. Similarly, RRs
estimated from pre- and post-adjudicated direct follow-up were almost identical for the
outcomes of initiation of maintenance dialysis and receipt of a kidney transplant considered

separately.

5.3.5 Pre-adjudicated direct follow-up analysis of MAE based on 9270 SHARP

participants

Among the full 9270 participant SHARP cohort (including patients on dialysis), 1275 first
MAEs were reported, of which 25% (324/1275) were refuted by adjudication (Table 5.2).
By components of the MAE outcome, major coronary events had the highest proportion of
refuted events (214/512 [42%]), with coronary death reports (111/198 [56%];
Supplemental Table 5.19) being more likely to be refuted than non-fatal Ml reports
(132/346 [38%]). Non-haemorrhagic stroke reports (102/340 [30%]), and revascularisations
(102/646 [16%)]) were least likely to be refuted. Of the MAEs which were refuted, 71% led
to hospitalisation versus 96% of unrefuted MAEs, but when a hospitalisation did result,
median stay duration was similar (7 [interquartile range 2-14] versus 7 [4-15] days,
respectively; Supplemental Table 5.20). After adjudicating 3538 other potentially relevant
event reports (e.g. non-coronary CV deaths and all non-CV deaths, angina events, transient
ischaemic attacks, coronary angiograms; see Supplemental Table 5.21 for the full list of
terms), 194 additional first MAEs that had not been reported by sites were identified from
collected adjudication source documents. These included 48 non-fatal myocardial

infarctions and 58 CHD deaths (Table 5.2 footnote).

Reported MAEs were more likely to be refuted among patients on dialysis at baseline for

non-fatal Mis (dialysis vs non-dialysis: 45% vs 34%) and coronary revascularisations (25%
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vs 10%; Supplemental Table 5.22). Differences of >30 days for start dates of MAE

between datasets were uncommon (11% of MAE; Supplemental Table 5.18).

Analyses comparing the effects of allocation to simvastatin/ezetimibe versus placebo on
pre-adjudication MAE reports demonstrated similar findings to those using adjudicated
follow-up data (Figure 5.2). Allocation to simvastatin/ezetimibe reduced the risk of pre-
adjudicated MAE by 20% (simvastatin/ezetimibe 573 vs placebo 702; RR 0.80, 95% CI
0.72-0.89), similar to the 17% reduction in risk of adjudicated MAE (526 vs 619; RR 0.83,
95% CI 0.74-0.94; difference between RRs -0.03, 95% CI -0.10, +0.03). RRs based on
adjudicated and pre-adjudication follow-up were similar across the components of MAE.
The RR for the effect of treatment allocation on the 324 MAEs refuted by adjudication was
0.80 (95%CI 0.65-1.00), and 1.02 (95%CI 0.77-1.35) for the 194 MAEs identified by

adjudication of other potentially relevant event reports (Supplemental Table 5.20).

In analyses comparing patients by baseline dialysis status, adjudicated data showed that
allocation to simvastatin plus ezetimibe provided a significant reduction in MAEs for the
6245 participants’ not on dialysis (RR 0.78, 95% CIl 0.67-0.91) but not for the 3025 people
on dialysis (0.90, Cl 0.75-1.08; Figure 5.3). Pre-adjudicated data showed that the 20%
relative risk reduction observed overall in the SHARP trial was consistent regardless of

dialysis status (no-dialysis: RR 0.81, 95% CI 0.70-0.94; dialysis: 0.78, 0.66-0.92).

5.4 Discussion

Analyses from the SHARP trial, in people with moderate-to-severe CKD, found that
information on maintenance kidney replacement therapy (i.e. maintenance dialysis or
kidney transplantation) was highly accurate and complete both in England routine data and
reported by participants to trained research coordinators (i.e. pre-adjudicated direct follow-
up), with pre-adjudicated data providing almost identical relative treatment effects estimates
to adjudicated direct follow-up. For major atherosclerotic events, while both routine data
and pre-adjudicated follow-up successfully identified the majority of MAEs, these data

sources appeared to identify additional coronary events (i.e. non-fatal Ml and coronary
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death) that adjudicators considered to be non-atherosclerotic (e.g., heart failure and sudden
cardiac death). Additionally, routine data were not able to be able to differentiate between
non-coronary revascularisations related to dialysis access vs not. Despite these
disagreements, relative treatment effect estimates from pre-adjudicated data were very
similar to adjudicated direct follow-up, with benefits seen both in people on and not on

dialysis at time of randomisation.

This is the first study to have assessed, in people with moderate-to-severe CKD, how
reliable England routine data are at ascertaining KRT and MAE outcomes, compared to
adjudicated direct follow-up. The validation of the KRT algorithm*® presented in this report
provides a robust and cost-effective method of ascertaining this renal outcome both for
randomised trials and observational studies. With UK Biobank*® already using a simplified
version of this algorithm and NHS England’s Hospital Episode Statistics Admitted Patient
Care data® linked to other large UK research cohorts,*8%117:118 there is the potential to
have a single definition of KRT throughout the UK research community. Furthermore, the
assessment of the reliability of routine data ascertained cardiovascular outcomes in people
with CKD, extends the work conducted in CHAPTER 2 and CHAPTER 3 in people with
diabetes, hypercholesterolemia, and prior coronary disease. This SHARP analyses
highlights the challenges of diagnosing atherosclerotic cardiac events in people with
advanced CKD, particular those on maintenance dialysis, and this directly impacts the

recorded coded information in the routine data.

These analyses form the SHARP trial found that both routine data and clinic-based follow-
up identified many additional coronary events that adjudicators classified as non-
atherosclerotic. But, re-run randomised comparisons using pre-adjudicated direct follow-up
showed a strong treatment effect for the refuted MAES, indicating that these may have been
“real” atherosclerotic events excluded by overly strict adjudication criteria. This also may be
true for the events identified in routine data only, and similar to the pre-adjudicated data,

most of these occurred in participants on maintenance dialysis. Therefore routine data may
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be reliable enough to be the sole source of follow-up for major coronary events, non-
haemorrhagic strokes and coronary revascularisations in people with moderate-to-severe

CKD.

SHARP’s definition of non-coronary revascularisation excluded procedures related to
dialysis access (i.e. creation and maintenance of arteriovenous fistula/graft) as kidney
replacement therapy was a separate secondary outcome. Analysis of routine hospital
admission data in England found that differentiating between non-coronary
revascularisation procedures related to and not related to dialysis access (by carefully
selecting OPCS-4 procedure codes) was very challenging. Therefore for streamlined kidney
trials in the UK, it may be that a two stage process is required, where (1) routine data are
used to flag all non-coronary revascularisations that have occurred, and (2) source
documentation (i.e. hospital discharge summary) are collected in order for an adjudicator

to assess whether the procedure was related to dialysis access.

In the SHARP analysis of pre-adjudicated data, these observations based on populations
from North America, Europe and Asia provide the largest and most generalisable
experience of adjudicating KRT and cardiovascular outcomes in a CKD trial. The SHARP
MAE data also confirm that previous outcome adjudication experiences from diabetes and
cardiology trials are relevant to CKD trials. SHARP results mirror those from the ASCEND
trial in diabetes!'® and from 42 cardiology trials (including over 200000 participants) which
together have consistently reported that that relative treatment effects on cardiovascular

outcomes were not materially changed by clinical adjudication.?0-12!

These SHARP data may also provide a rationale for not requiring adjudication of MAEs.
Despite the fact that substantial re-categorisation occurred during adjudication, this had no
material impact on the RRs for confirmed, refuted and newly identified outcomes, which
were similar. In fact, it is possible that SHARP’s approach to cardiovascular outcome
adjudication may have reduced SHARP’s power to detect treatment effects, especially in

subgroups. The similar sized RRs for the 1145 confirmed MAEs and the 324 refuted MAEs
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suggest that many of the cardiovascular events that did not fulfil the pre-specified criteria
for confirming MAESs, the majority of which led to hospitalisation for several days, were
prevented by lowering LDL-cholesterol and hence represented modifiable atherosclerotic
disease. It was notable that agreement between pre- and post-adjudicated datasets was
less strong for major coronary events than other MAE components (non-haemorrhagic
stroke and revascularisation procedures). This may reflect the challenges of distinguishing
between atherosclerotic and non-atherosclerotic cardiac events based on clinical findings
in patients with advanced CKD.5°® The corollary of these SHARP observations is that if
cardiovascular outcome adjudication is deemed scientifically important in a CKD trial, then
outcome definitions for major coronary events should allow for inclusion of atypical
presentations and incomplete information. Avoiding overly strict and overly specific
adjudication criteria could reduce the chances of “real” outcomes being refuted and
maintain trial power. This may have been particularly true among patients on dialysis who’s
reported MAEs were more likely to be refuted. Both the relative and absolute effects of
lowering LDL-cholesterol on MAESs in patients on dialysis may have been underestimated

in SHARP.

5.4.1 Strengths and limitations

The strengths of these analyses are already discussed above, but they do have some
limitations. First, routine data linkage was only possible for a subset of the trial population
and this substantially limited the power of the study to investigate how accurately and
completely routine data ascertained MAEs. Secondly, SHARP had limited clinical
information on some of the MAESs identified in routine data only, thus we were not able to
definitively confirm or refute whether these were “true” events. Finally, the routine data study
did not have enough power to re-analyse SHARP’s randomised comparisons, therefore it
was not possible to assess whether the disagreement with the adjudicated direct follow-up
database would have led to routine data follow-up generating different relative treatment

effect estimates to SHARP’s published results.!!
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5.5 Summary

In summary, for populations with moderate-to-severe CKD, routinely collected hospital
admission and death registry data in England may be reliable enough to ascertain kidney
replacement therapy and major atherosclerotic event outcomes, but adjudication of non-
coronary revascularisations may be necessary to exclude procedures related to dialysis
access. For clinic-based follow-up of KRT and MAEs, verification via clinical adjudication
made no material difference to SHARP’s primary results, and over strict adjudication criteria
for MAEs may also have led to the trial underestimating the relative and absolute treatment

effects among people on dialysis.
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Chapter 5 Tables and figures

Tables/Figures Title

Table 5.1

Table 5.2

Figure 5.1

Figure 5.2

Figure 5.3

Agreement of routine data versus adjudicated direct follow-up for
kidney replacement therapy and major atherosclerotic events in
SHARP

Tabulation of maintenance kidney replacement therapy and major

atherosclerotic events before and after adjudication in SHARP

Consort diagram of analyses in the SHARP trial

Effect of allocation to simvastatin/ezetimibe vs placebo on
maintenance kidney replacement therapy and major atherosclerotic

events using SHARP pre—adjudicated follow—up

Effect of allocation to simvastatin/ezetimibe vs placebo on major
atherosclerotic events using SHARP pre—adjudicated follow—-up, by

dialysis status

131



‘aseas|p Leay Areuolod = gHD ‘[eAldlul
92UapIUO) = |D "duljaseq e SIsA|elp adurualureWw Uo asoyl Buipn|ax3, ‘puebul ul Buial sjuedidiued 4HYHS JO Jaquinu [e101 JO 9 ale sasayjualted ul sabejuadlad
1uana

(22°0-190) 290 (%2 ¥6-%S'T6) %826 (%T'16-%608) %098 (%EZ8) 9621 (%9°T) 52 (%1°9) 00T  (%.'6) EST 2noJsjosolayre Jofew Auy
(L2°0-€9°0) 020 (%2 26-%€'S6) %2 96  (%1'86-%9°L8) %0'€6  (%0'T6) ZEVT (%t°0) 9 (69'€) 95 (%T'S) 08 uolesie|nosenal Auy
uolyesiie|jndsenal
(29'0-2€0) 670 (%2 26-%1'S6) %E 96 (%0°00T-%9'18) %216 (%2 ¥6) €8Y'T (%z'0) € (%69'€) 1S (%02 1€ Areuoliod-uoN
(66'0-68°0) ¥6'0  (%0°00T-%9°66) %866 (%0°00T-%T'88) %E V6 (%1'96) 8TST (%z0) € (%z'0) € (%2'€) 06  uonesuenoseAal Areuoiod
aoi1s
(8'0-65°0) 22'0  (%8'66-%6'86) %E'66 (%6'98-%9'2G) %22, (%T'26) 8ZST (%9°0) 0T (%9°0) 0T (%.2°T) 92 d16eyiowsey-uou Auy
aons
(98'0-27'0) ¥Y9'0  (%6°66-%2'66) %9'66 (%S '66-%S'0S) %0'S.  (%8'86) GSST (%2'0) € (%¥0) L (%9°0) 6 di6eyiowsey-uou jered
IN0IIS
(6L°0-77'0) 290  (%8'66-%0'66) %1'66 (%6 T8-%T'EV) %529 (%6'26) TYST (%9°0) 6 (%9°0) 6 (%0°T) ST  d1beylIOWSeRY-UOU [ee}-UON
(22°0-95°0) Y90 (%¥'26-%9'G6) %G'96  (%S5'98-%5'69) %0'8.  (%6°06) TEVT (%€'1T) 02 (wee)es  (%St) TL 1uans Areuolod sofew Auy
(€2°0-25°0) €90 (%2'86-%9'96) %¥'L6 (%8'96-%L'LL) %2 L8 (%S'¥6) L8YT (%¥°0) 9 (%5°2) oF (%9°2) TV yreap aHO
uoijaJtejul
(22°0-87°0) 090  (%Z'66-%086) %986 (%S'9.-%¥'0S) %S'€9  (%E°'S6) 00ST (%Z'T) 6T (wv'T)2z (%12 ee [eipredoAw [eyej-uoN
Ldelayy
(06'0-78°0) 280  (%¥'26-%9'16) %096 (%8'€6-%T'88) %606  (%9°29) 969 (%z'€) S (%92) 62  (%9TE) TGE 1uswade|dal Aaupiy
(88'0-18'0) G680  (%.2°96-%.'€6) %2'S6  (%0°€6-%9°98) %868  (%8°'S9) TEL (%ze) ae (wee) e (%L'L2) 80€ xSIsAlelp soueualuR
(L6'0-16'0) ¥6'0  (%6°'66-%6'86) %1'66 (%T'86-%206) %26  (%T'L8) 896 (%2°0) 8 (%5009  (%9°TT) 62T suedsuen Asupry
(1D %se) eddey (1D %S6) A11011109ds (1D %S6) AllIAISUSS  19selep Jaylle auoje dn-mo||o) Aluo sjaselep awoo1n0
ul 8wooIno pareaipnlpe  ejep aunnol yloq
yons oN urdawWo2lNO Ul BWO0I2INO Ul dWO0IINO

dYVHS Ul siuane
2110J3|9s04ay1e Jolew pue Adelayl juswade|dal Aaupy 1o} dn-moj||0] 19311p paledipnlpe snsiaAelep aullnoJ Jo Jusawaalby T'G a|gel

132



"aseasip Ueay Aleuolod
= dHD 'suonesuenNdseAal AIeUuolod-uou TZ pue ‘suolesiie|noseAal AIeuolod g ‘Sa)0J1s umouun T ‘Sa)0.S dIWaryds! 9¢ ‘sylesp dHD 85 ‘suonaiejul
[elpe20AW [erej-uou 8f :papn|oul SlusAe paliodal Jaylo 8EGE 10 uonedipnipe Ag paluapl SJUsAa J110Js[dsolayle Jofew 1sill #6T 8yl "auljaseq 1e sisAelp
@ourULdURW Uo asoy) Buipnjox3, "uoneaipnipe aiojaq paliodal awodino ayl yum siuedonred 4yyHS Jo Jaquinu [e10] Jo 9 ale sasayjuated ul sabejuadiad

SYTT ¥6T (%S2) vee (%S2) 156 G/2T 1U9A3 21104919043 YIe Jofew Auy
9€9 Z6 (%9T) 20T (%¥8) ¥vS 99 uonesue|naseAal Auy
€z¢e 8¢ (%02) T2 (9%08) 582 9G¢ uonesue|noseAal A1euoiod-uoN
Zse 69 (%.T) LS (%€8) €82 (0745 uonesue|noseAal Areuoio)d
S0€ 19 (%0€) 20T (%02) 8€2 ove 2)011s o16eyIIOWaRY-UOU AUy
L€ 1€ (%68) TS (%T1) 9 .S 950.11S UMoUNUN
1.2 19 (%62) L8 (%T2) 012 162 9)0.1S JlWaeyds|
evy ST (%ey) v1e (%8S) 862 Z1S 1UaAd Areuolood Jofew Auy
18T 6 (%99) TTT (%) 28 86T yreap aHO
€62 6L (%8€) 2T (%29) ¥12 ave UONDJBJUI [RIPJed0AW [eTe)-UON
ie S (%T) 82 (%66) 2802 GTTC LAdesayy Juswaoe|das Aaupry
1661 19 (%T) 62 (%66) 06T 6G6T «SISA[elp soueUAUIRN
10§ 14 (%T>) T (%66<) €05 705 Auejdsues) Asupry
uolneaipnlpe S1uaAa pallodal Jaylo Jo  uoleslpnipe uoneaipnipe uoneaipnipe awo21n0

1a1je sjuans [e101  uonealipnipe Ag paynuspl  Aq painjey Aq peinjaiun  210Jaq SIUSAS 101

ddVvHS
ur uonesipnlpe Isye pue al0jaq SIUBAS 2110J9|0S0Jayle Jolew pue Adeisayl juswaoe|das Asuply Jo uone|ngel 2'S ajqel

133



Figure 5.1 Consort diagram of analyses in the SHARP trial

Patients attended screening
(n=11,792)

4

Not eligible or refused
(n=428)

Entered run-in phase
(n=11,364)

A 4

A

Not eligible or withdrew
(n=1,678)

Attended randomised visit
(n=9,686)

Not eligible or withdrew
(n=248)

(n=9,720)

All randomised SHARP participants

Adjudicated direct follow-up

vs routine data comparisons

in SHARP participants living
in England

Pre vs post adjudicated
direct follow-up
comparisons in all SHARP
participants

(n=1,574) (n=9,720)
A4 Y \4 A
MAE routine data KRT routine data MAE pre- KRT pre-
comparison comparison* adjudication adjudication
(n=1,574) (n=1,109) comparison comparison*
(n=9,720) (n=6,245)

*Participants reported to be on dialysis at baseline were excluded from these analyses.

134




Figure 5.2 Effect of allocation to simvastatin/ezetimibe vs placebo on
maintenance kidney replacement therapy and major atherosclerotic events

using SHARP pre-adjudicated follow—up

SHARP pre-adjudicated follow-up [
SHARP adjudicated follow-up W

Rate ratio (95% Cl)

Inititation of maintenance
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CHD death
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Ischaemic stroke

Unknown stroke
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Coronary revascularisation
Non-coronary revascularisation

Any revascularisation
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event
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plus ezetimibe
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954 (30.6%) 1005 (32.1%)
975 (31.3%) 1016 (32.5%)
(

265 (8.5%)
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1038 (33.3%) 1077 (34.4%)
1057 (33.9%) 1084 (34.6%)
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130 (2.8%)
114 (2.5%)
26 (0.6%)
18 (0.4%)
148 (3.2%)
131 (2.8%)
141 (3.0%)
149 (3.2%)
166 (3.6%)
154 (3.3%)
284 (6.1%)
284 (6.1%)

573 (12.3%) 702 (15.2%)
526 (11.3%) 619 (13.4%)

Placebo
(n=3129)*

239 (7.6%)
242 (7.7%)

Placebo
(n=4620)

180 (3.9%)
159 (3.4%)
100 (2.2%)
90 (1.9%)
261 (5.6%)
230 (5.0%)
167 (3.6%)
157 (3.4%)
31 (0.7%)
19 (0.4%)
192 (4.2%)
174 (3.8%)
199 (4.3%)
203 (4.4%)
190 (4.1%)
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362 (7.8%)
352 (7.6%)
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S
-
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-
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Simvastatin  Placebo
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0.94 (0.86-1.02
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1.10 (0.93-1.31

0.95 (0.88-1.04)
0.97 (0.89-1.05)
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0.91 (0.74-1.13
0.84 (0.66-1.05
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0.92 (0.76-1.11
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0.70 (0.57-0.87)
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0.87 (0.70-1.07)
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0.79 (0.68-0.93)

0.80 (0.72-0.89)
0.83 (0.74-0.94)

)
)
)
)
)
)
)
)
)
)

1
1.5

Log-rank methods were used to calculate the rate ratio and 95% confidence intervals. *Excluding
those on maintenance dialysis at baseline. Cl = confidence interval. CHD = coronary heart disease.
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Figure 5.3 Effect of allocation to simvastatin/ezetimibe vs placebo on major
atherosclerotic events using SHARP pre—adjudicated follow-up, by dialysis
status

SHARP pre-adjudicated follow-up [
SHARP adjudicated follow-up H

Simvastatin
plus ezetimibe Placebo

(n=4650) (n=4620) Rate ratio (95% ClI)

Any major coronary event

Not on dialysis (n=6245) 138 (4.4%) 156 (5.0%) —OH— 0.88 (0.70-1.11)
123 (3.9%) 149 (4.8%) St 0.82 (0.65-1.04)
On dialysis (n=3025) 113 (7.4%) 105 (7.0%) —F— 1.05(0.81-1.37)
90 (5.9%) 81 (5.4%) —'m—— 1.08(0.80-1.46)

Any non-haemorrhagic stroke

Not on dialysis (n=6245) 98 (3.1%) 119 (3.8%) —{— 0.83 (0.63-1.08)
87 (2.8%) 110 (3.5%) —a— 0.79 (0.60-1.05)
On dialysis (n=3025) 50 (3.3%) 73 (4.9%) «<—0oO—— 0.67 (0.47-0.95)
44 (2.9%) 64 (4.3%) «<—a— 0.66 (0.46-0.97)
Any revascularisation

Not on dialysis (n=6245) 139 (4.5%) 195 (6.2%) —1— 0.71 (0.57-0.88)
138 (4.4%) 201 (6.4%) —— 0.68 (0.55-0.84)
On dialysis (n=3025) 145 (9.5%) 167 (11.2%) — 0.84 (0.67-1.04)
146 (9.5%) 151 (10.1%) —i— 0.94 (0.74-1.17)

Any major atherosclerotic event*
Not on dialysis (n=6245) 324 (10.4%) 396 (12.7%) N 0.81 (0.70-0.94)
296 (9.5%) 373 (11.9%) - 0.78 (0.67-0.91)
On dialysis (n=3025) 249 (16.2%) 306 (20.5%) S 0.78 (0.66-0.92)
230 (15.0%) 246 (16.5%) - 0.90 (0.75-1.08)

T T 1
0.5 075 1 15
Simvastatin  Placebo
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Log-rank methods were used to calculate the rate ratio and 95% confidence intervals.
*Heterogeneity between patients on dialysis and not on dialysis: p = 0.24 for adjudicated follow-up
and p = 0.74 for pre—adjudicated follow-up. Cl = confidence interval.
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CHAPTER 6  Simulation study assessing the impact of

removing true events and adding false events on randomised trials

Chapter summary

Aims: This simulation study aimed to investigate the impact on randomised controlled trials
of removing true events and adding false events, as may happen if routine data are used

for follow-up.

Methods: Multiple parallel group randomised trials (i.e. active intervention vs placebo) with
a binary outcome were generated based on two parameters: the relative effect of allocation
to the active intervention arm estimated by a risk ratio (RR) and overall trial sample size (n).
The number of events in the placebo arm were pre-determined using the assumption each
trial would have 90% power at a 5% significant level to detect the selected RR. These data
were considered the ground-truth and assumed to be equivalent to “best available data”.
To compare the results to previous chapters, the parameters for the generated randomised
trials were initially set to match those of ASCEND’s (n=15480) aspirin comparisons for any
serious vascular event (SVE, RR=0.88) and major bleeding (RR=1.29). Scenarios using
smaller (n=1000 and 5000) and even larger (n=25000) sample sizes were then considered
with different treatment effects, these included ground truths based on different degrees of

relative benefit (RR 0.70, 0.80, 0.90) and harm (RR 1.10, 1.20, 1.30).

To simulate errors that might occur when using routine data follow-up, true events were
removed and/or false events added in a range of different scenarios. Each participant had
an equal probability of having an error (i.e. errors were random rather than systematic). The
following two parameters were used: the proportion of true events removed (TER;
calculated by dividing the number of true events removed by the total number of true events
before any were removed) and proportion of false events added (FEA; calculated by

dividing the number of false events added divided by the total number of true events before
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any were removed). FEA was used in preference to specificity as it is independent of the
event rate. The different scenarios considered errors of between 0% and 40%. The primary
performance measure was the mean difference between the ground-truth RR versus
routine data RR. The secondary performance measure was the difference in power

between the best available data versus simulated routine data with errors.

Results: For the ASCEND SVE (n=15480, RR=0.88) and major bleeding event (n=15480,
RR=1.29) scenarios, the simulated removal of true events had no impact on the estimated
RR, while adding false events modestly biased the treatment effect towards the null (SVE:
mean difference in RR: +0.01 [FEA=10%] to +0.04 [FEA=40%]; major bleeding: -0.03 to -
0.10). When both false events were added and true events removed, the proportion of all
trial events that were false marginally increased, further biasing the routine data RR towards
the null (SVE: +0.01 [FEA & TEA=10%] to +0.05 [FEA & TEA=40%]; major bleeding: -0.03
to -0.13). Each error type individually reduced trial power, with true events removed (SVE:
difference in power: -3.5% [TER=10%] to -21.4% [TER=40%]; major bleeding: -3.9% to -
21.0%) having a greater impact than false events added (SVE: -3.3% [FEA=10%)] to -14.9%
[FEA=40%]; major bleeding: -3.2% to -12.5%). Notably, the effects on power more than
doubled when both error types were present (SVE: -7.5% [FEA & TEA=10%)] to -48.9%

[FEA & TEA=40%]; major bleeding: -6.8% to -42.4%).

For simulations where only small-to-moderate random errors were introduced (defined as
FEA<20% and TER<20%) there appeared to be little impact on relative treatment effect
estimates across all trial sample size and treatment effect scenarios. Furthermore, only
moderate reductions in power were observed (n=5000 and 25000), with the exception of

smaller trials (n=1000).

Conclusions: Analysing simulated trial data from a wide range of trial scenarios showed
that routine data sources with small-to-moderate random errors (i.e. true event removed
and false events added <20%, which are equally distributed between trial arms) have little

impact on relative treatment effect estimates in randomised trials. In the situation where
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routine data sources do introduce large amounts of error into a trial (i.e. true event removed
and false events added >20%), larger trials (n=5000) are better protected against random
errors biasing the treatment effect towards the null and reducing trial power. These results
provide further rationale to consider using UK routine data as the sole source of follow-up

for future cardiovascular trials.
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6.1 Introduction

For randomised controlled trials (RCTs), current gold-standard methods of event
ascertainment and verification are adjudicated clinic-based follow-up, but these processes
are highly resource-intensive and complex, limiting the generation of new randomised
evidence.?? Instead, following-up participants via routinely collected health data sources
(i.e. routine data) could substantially streamline trial conduct, as it could potentially reduce
both the need to regularly interview participants at local research clinics and the manual
collection of medical documentation.? But the trade-off when using these relatively novel
methods to ascertain events is the potential introduction of errors, including missing true

events and adding false events.

Thus far, the findings from studies presented in this thesis have been based on real data
without knowledge of the ground truth, but suggest that there is considerable protection
afforded by large-scale randomisation within appropriately blinded RCTs.63122123 These
studies using ASCEND?®° and SHARP!! are important case-studies that highlight the
potential for cardiovascular trials to utilise routine data follow-up. Limitations of these case-
studies are that only few scenarios have been investigated and actual error rates are
unknown. Simulation studies allow for numerous scenarios with varying levels of errors and
could use assumptions derived from these case studies to add to the understanding of the

potential impact of errors on randomised trial results.

Previous simulation studies have shown that only when a large proportion of trial
participants (i.e. >50%) have a random error (i.e. where errors are equally distributed
between trial arms) is there any meaningful change in relative treatment effect estimates
(Supplemental Table 6.1).124126 Yet the impact of individual error components (i.e. true
events removed and false events added) remains little understood. This is of particular
relevance to trials using routine data follow-up, where investigators often have to balance
accuracy and completeness. High accuracy may minimise the proportion of false events,

but excludes relevant and important events by overly strict definitions. Aiming for high
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completeness minimises the proportion of true events that are excluded, but may increase
the chance of accepting a false event as an outcome. By way of illustration, in CHAPTER
4, the choice of routine data outcome definition for major bleeding showed to be important
in whether the important bleeding hazard from aspirin was identified from routine data.'?? If
the broadest bleeding definition that maximised completeness had been selected (i.e. any
bleeding code recorded in the routine data was considered major), then the bleeding hazard
was not identified. This is presumably because the large number of false events which were
not influenced by study treatment had been included in the outcome, and this biased the
relative treatment effect estimate towards the null. In contrast, a routine data algorithm that
was developed to improve accuracy while not substantially compromising completeness,
identified the bleeding hazard and provided estimated treatment effects similar to

adjudicated direct follow-up.

This simulation study therefore aims to investigate the impact of removing true events and
adding false events on relative treatment effect estimates and power in randomised trials.
With the secondary aims of assessing: (1) whether such findings are consistent across trials
with different risk ratios and samples sizes; and (2) the impact of adding false events that

are not allocated equally between trial arms.

6.2 Methods

6.2.1 Data generation and scenarios

Multiple parallel-group randomised trials (i.e. active intervention vs placebo) with a binary
outcome (i.e. by the end of the trial a participant either had or did not have an event) were
generated based on two parameters: the relative effect of allocation to the active
intervention arm estimated by a risk ratio (RR; calculated by dividing the proportions of
participants with an event in the treatment arm by the event rate in the placebo arm) and
overall trial sample size (n; the total number of trial participants). The number of events in
the placebo arm were pre-determined using the assumption each trial would have 90%

power at a 5% significant level to detect the selected RR (Supplemental Table 6.2). These

141



data were considered the ground-truth and assumed to be equivalent to “best available

data”.

To compare the results to previous chapters, the parameters for the generated randomised
trials were initially set to match those of ASCEND’s (n=15480) aspirin comparisons for any
serious vascular event (SVE; RR=0.88; see CHAPTER 3) and major bleeding (RR=1.29;
see CHAPTER 4). Scenarios using smaller (n=1000 and 5000) and even larger (n=25000)
sample sizes were then considered with different treatment effects, these included ground
truths based on different degrees of relative benefit (RR 0.70, 0.80, 0.90) and harm (RR

1.10, 1.20, 1.30).

6.2.2 Simulated errors

To simulate errors that might occur when using routine data follow-up, true events were
removed and/or false events added in a range of different scenarios. Each participant had
an equal probability of having an error (i.e. errors were random rather than systematic). The
following two parameters were used: the proportion of true events removed (TER;
calculated by dividing the number of true events removed by the total number of true event
before any were removed) and proportion of false events added (FEA; calculated by
dividing the number of false events added divided by the total number of true events before
any were removed). FEA was used in preference to specificity as it is independent of the
event rate, thus comparable across trial scenarios (Supplemental Table 6.3 illustrates how
specificity varies depending on the trial event rate). The results from the ASCEND and
SHARP analyses (in CHAPTER 3, CHAPTER 4 and CHAPTER 5) were used to help inform
which error rates were plausible (Supplemental Table 6.4 and Supplemental Table 6.5),
thus this simulation study considered errors (i.e. TER and FEA values) between 0% and

40%.

Secondary analyses investigated scenarios where false events were not equally distributed

between trial arms (i.e. were impacted by treatment), in which the effect size of the false
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events could be half or double the true relative risk reduction (RRR). For example, if the
true risk ratio was set at 0.80 (i.e. a 20% relative risk reduction) and the false events were
distributed assuming an effect size of half the true RRR, then the false events RRR would
be 10%. A complete list of the parameters used in this simulation study can be found in

Supplemental Table 6.6.

6.2.3 Performance measures

In this simulation study it was assumed that the “best available data” were equivalent to the
ground-truth, where no errors were present. For routine data follow-up, it was assumed that
some level of error had been introduced (i.e. the proportion of true events removed and/or
false events added were greater than 0%). Similar to previous chapters, routine data
performance was measured by comparing it to the “best available data”, the closer the
routine data estimates were the stronger its performance. The primary performance
measure was the mean difference between the “best available data” and routine data risk
ratios, with 95% confidence intervals calculated using the 2.5" and 97.5" percentiles. The
secondary performance measure was the differences in power (i.e. the proportion of
simulated trials that correctly identify the presence of the treatment) between the “best
available data” versus simulated routine data with errors. For each scenario, 5000 trials
were simulated, as preliminary data indicated this to be more than adequate to yield a
precise estimate of the primary performance measure (Supplemental Table 6.8). All data

were generated and analysed using R version 4.2.2.

6.3 Results

6.3.1 ASCEND trial scenarios

For the ASCEND serious vascular event (n=15480, RR=0.88) and major bleeding event
(n=15480, RR=1.29) scenarios, the non-differential removal of true events (i.e. the same
proportion of events removed in both arms) had no impact on the estimated RR, while the
non-differential addition of false events modestly biased the treatment effect towards the

null (SVE: mean difference in RR: +0.01 [FEA=10%)] to +0.04 [FEA=40%]; major bleeding:
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-0.03 to -0.10; Figure 6.1; Figure 6.2; Supplemental Tables 6.9-6.12). When both false
events were added and true events removed, the proportion of all trial events that were
false marginally increased, thus further biasing the routine data RR towards the null (SVE:

+0.01 [FEA & TEA=10%)] to +0.05 [FEA & TEA=40%]; major bleeding: -0.03 to -0.13).

Both error types reduced trial power, with true events removed (SVE: difference in power:
-3.5% [TER=10%] to -21.4% [TER=40%]; major bleeding: -3.9% to -21.0%) having a
greater impact than false events added (SVE: -3.3% [FEA=10%] to -14.9% [FEA=40%)];
major bleeding: -3.2% to -12.5%). Notably, the effects on power more than doubled when
both error types were present (SVE: -7.5% [FEA & TEA=10%] to -48.9% [FEA & TEA=40%];

major bleeding: -6.8% to -42.4%).

In secondary analyses, when the false events were impacted by treatment (i.e. were not
equally distributed between trials arms), although the overall proportion of false events
added was not changed, the weak signal (i.e. false events RRR = half the true RRR) meant
that more false events were allocated to the placebo rather than the active arm
(Supplemental Tables 6.9-6.12 and Supplemental Figure 6.1-6.4). Therefore, adding
these false events with a weak signal had less of an impact on the mean risk ratio than
when the false events RRR was null (SVE: mean difference in RR: +0.01 [FEA=10%] to
+0.02 [FEA=40%]; major bleeding: -0.02 to -0.05). In contrast, when the false events RRR
was set at double the true RRR, the addition of false events led to the routine data slightly

overestimating the relative treatment effect.

6.3.2 Other randomised trial scenarios

For the other randomised trial scenarios (i.e. RR=0.70, 0.80, 0.90, 1.10, 1.20, 1.30;
N=1000, 5000, 25000), removal of true events had no impact on the mean RR, while the
addition of false events impacted the RR by biasing the estimate towards the null (Figure
6.3; Supplemental Table 6.13). When both false events were added and true events

removed, this further biased the routine data RR towards the null. For a given treatment
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effect size, trials with a smaller sample size (n=1000) were greater impacted (i.e. the RR
point-estimate was closer to the null) by random errors than larger trials (n=5000), with
these differences between small and large trial scenarios increasing with high error rates.
Similarly, for a given sample size, when random errors were introduced, trials with a larger
treatment effect (i.e. where the true RR deviates furthest from the null) showed greater
differences in the RR point-estimate between routine data and best available data, but the
proportional difference in the point-estimate compared to true RR remained the same. For
example, in the scenario where n=25000, FEA=40% and TER=40%, the difference in point-
estimate for a true RR=0.90 was +0.04 (percentage change +40%), +0.08 (+40%) for

RR=0.80, and +0.11 (+37%) for RR=0.70.

Considering the impact of random errors on power, smaller trials (n=1000) with more
moderate treatment effects (i.e. where the true RR is closest to the null) showed greater
losses in power than larger trials (n=5000) with stronger treatment effects (Figure 6.4;
Supplemental Table 6.14). In secondary analyses, when the false events were impacted
by treatment (i.e. false events RRR = half or double the true RRR), the impact of errors on
RRs and power were more modest (Supplemental Tables 6.15-6.18; Supplemental

Figures 6.5-6.8).

6.3.3 Small-to-moderate random errors

For simulations where only small-to-moderate random errors were introduced (defined as
FEA<20% and TER<20%), there appeared to be little impact on relative treatment effect
estimates both in the ASCEND (SVE: +0.3% [FEA & TEA=20%)]; major bleeding: -0.6%)
and other trial scenarios, regardless of the sample size and treatment effect. But power was
somewhat impacted (SVE: -20.5% [FEA & TEA=20%]; major bleeding: -16.9%), with

greater reductions in power for smaller (n=1000) rather than larger (n=5000) trials.
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6.4 Discussion

Analysing simulated trial data from a wide range of trial scenarios showed that routine data
sources with small-to-moderate random errors (i.e. true event removed and false events
added =20%, which are equally distributed between trial arms) have little impact on relative
treatment effect estimates in randomised trials. In the situation where routine data sources
do introduce large amounts of error into a trial (i.e. true event removed and false events
added >20%), larger trials (n=5000) are better protected against random errors biasing the
treatment effect towards the null and reducing trial power. By error type, true events
removed did not impact the risk ratio but substantially reduced trial power, while false events
added biased the risk ratio towards the null and modestly reduced power. When both false
events were added and true events removed, the proportion of all trial events that were

false marginally increased, further biasing the risk ratio towards the null.

These analyses complement the findings from previous chapters, and provide further
rationale to consider using UK routine data as the sole source of follow-up for future
cardiovascular trials. Similar to the findings in CHAPTER 3 for serious vascular events in
ASCEND (where both participants and investigators were blinded to treatment allocation),
for simulations where only small-to-moderate random errors were introduced (i.e. false
events added and true events removed <20%), there appeared to be little impact on relative
treatment effect estimates, regardless of the trial’s treatment effect and sample size. For
simulations with high levels of random error (i.e. false events added and true events
removed =40%), approximately the values observed in CHAPTER 4 for major bleeding
events, there was a far greater bias towards the null in the simulated data than was seen
in the real ASCEND data. This may indicate that, as was hypothesised in CHAPTER 4,
many of the supposed “false events” identified in the routine data may have been “true”
major bleeds not captured by adjudicated direct follow-up. Thus highlighting the challenges
of assessing the reliability of routine data follow-up using real trial data, where the best

available data are often not equivalent to the ground truth. In this situation, it may be most
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informative to compare relative treatment effect estimates derived using either data source
because, as has been illustrated in this simulation study, the non-differential removal of true

events should not bias the point-estimate.

This is the first study to use simulation methods to investigate how removing true events
and adding false events impacts relative treatment effects and power in the context of trials
utilising routine data sources for trial follow-up. Previous simulation studies focused on the
impact of adjudication, in particular scenarios where investigators were not blinded to
treatment allocation and when errors rates varied by trial-site (Supplemental Table 6.1).1%4
126 These studies used the overall proportion of trial participants being misclassified as the
error parameter, but this was not appropriate for routine data sources where outcome
definitions can have different levels of accuracy (i.e. false events added) and completeness
(i.e. true events removed). Understanding the mechanisms of these two error types and
their relationship together was essential in order to quantify the true impact of routine data
utilisation on a trial’s treatment effect estimate and power. Additionally, the study that did
use sensitivity/specificity as its main parameter, set specificity at implausible levels (i.e. a
specificity <0.80 meant the trial included more false events than true events), thus limiting
its relevance for most trials.'?® Despite these differences in study design, this study confirms
the hypothesis set out in these previous studies that when errors are random (i.e. equally
distributed between trial arms), large amounts of error are required before there is any
meaningful effect on relative treatment effect estimates. The protection afforded by
randomisation therefore allows appropriately blinded trials to consider the use of
streamlined follow-up methods with the potential for less loss to follow-up, without

compromising the precision of the relative treatment effect estimate.??

Although moderate random errors were shown to have little impact on relative effects, there
were noticeable reductions in power observed in all trial scenarios, in particular for those
smaller trials (n=1000) with more moderate treatment effects. Therefore when designing

trials that utilise streamlined follow-up methods, trialists must consider approaches to
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addressing these potential loses in power. Such methods may involve increasing the trial’s
sample size or extending the follow-up period. By way of illustration, for serious vascular
events in the ASCEND trial (see CHAPTER 3), routine data were found to be poor at
capturing transient ischaemic attacks, thus routine data event rates were marginally lower
than for adjudicated direct follow-up. In the hypothetical scenario that ASCEND has used
routine data follow-up only, approximately 3500 (23%) more participants were needed to
have been recruited to have maintained the trial’'s power to detect the relative effects of
aspirin on serious vascular events. But, the efficiency of using streamlined follow-up
methods for large-scale trials arguably outweighs this disadvantage. Investigators and trial
steering committees can pay particular attention to early event rates in trials reliant on
routine data for their follow-up to ensure reassessment of design assumptions and
recommend sample size/follow-up duration modification, where necessary.*?’ Directions for
future work include the development of a tool to adjust power calculations to take into

account the potential errors introduced by utilising routine data as a means of follow-up.

6.4.1 Strengths and limitations

The strength of this simulation study is that it goes beyond the limited examples in the
earlier chapters, allowing for a far more complete picture of the impact of errors on relative
treatment effect estimates and power in a wide range of trial scenarios, making the results
highly generalizable. Furthermore, by using simulation methods this study was able to
compare routine data to the ground-truth, which is often not the case in real trial data where
two imperfect sources are compared. Finally, the results from the earlier chapters enabled
this study to set parameters at levels that were plausible for cardiovascular trials utilising
routine data sources as a means of follow-up, thus making the results highly relevant to

trials currently considering the use of such streamlined methods.

There were also a number of limitations. Firstly, this study only considered binary outcomes
(i.e. the presence or absence of an event) and did not focus on the timing of the event

because previous research has indicated that, for appropriately blinded trials, even very
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large event date measurement errors have little impact on a trial's estimated relative
treatment effect (Supplemental Table 6.1).12¢ Re-analysing the ASCEND trial with a binary
outcome (i.e. yielding a risk ratio and chi-squared statistic) provided almost identical
estimates of the relative effects of aspirin compared to log-rank time-to-event analyses
(Supplemental Table 6.7). Secondly, despite generating 5000 trials per scenario (far
exceeding the minimum number required), the confidence intervals around the mean
difference in risk ratios remained wide. Thus this study cannot discount that the observed
differences between trial scenarios were due to chance. Thirdly, this simulation focussed
only on scenarios where participants and investigators were blinded to treatment allocation,
thus assuming errors to be equally distributed between trial arms. But for some trials
blinding is not feasible (e.g. where participants are randomly allocated to undergo a surgical
procedure or not). For such trials, further simulations where the distribution of errors
between trial arms may not be equal would be scientifically valuable. Such analyses would
quantify the major systematic bias that can be introduced by unblinded outcome

ascertainment.?®

6.5 Summary

Analysing simulated trial data from a wide range of trial scenarios showed that routine data
sources with small-to-moderate random errors (i.e. true event removed and false events
added <20%, which are equally distributed between trial arms) have little impact on relative
treatment effect estimates in randomised trials. In the situation where routine data sources
do introduce large amounts of error into a trial (i.e. true event removed and false events
added >20%), larger trials (n=5000) are better protected against random errors biasing the
treatment effect towards the null and reducing trial power. These results provide further
rationale to consider using UK routine data as the sole source of follow-up for future

cardiovascular trials.
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Chapter 6 Tables and figures

Tables/Figures Title

Figure 6.1

Figure 6.2

Figure 6.3

Figure 6.4

Simulated ASCEND serious vascular events data measuring the
impact of removing true events and adding false events on risk ratio

estimates and power

Simulated ASCEND major bleeding events data measuring the impact
of removing true events and adding false events on risk ratio estimates

and power

Simulated trial data measuring the impact of removing true events and
adding false events on risk ratio estimates, by trial sample size and
relative treatment effect

Simulated trial data measuring the impact of removing true events and
adding false events on power, by trial sample size and relative

treatment effect
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Figure 6.1 Simulated ASCEND serious vascular events data measuring the
impact of removing true events and adding false events on risk ratio estimates
and power

Aspirin (n=7740) Placebo (n=7740)
True / False % false True/False % false
events events  events events Mean risk ratio (95% Cl) Power*

Best available data 1049/0 0.0% 1193/0 0.0% 0.88 (0.81,0.95) 89.6%
Routine data (i.e. random errors added)

False events added 0%

True  10% 944/0  0.0%  1073/0  0.0% 0.88 (0.81,0.96) 86.1%
t

e ved 20% 839/0  00%  954/0  0.0% 0.88 (0.81,0.96) 81.6%

30% 734/0  00%  835/0  0.0% 0.88 (0.80,0.97) 75.2%

40% 629/0  00%  715/0  0.0% 0.88 (0.79,0.97) 68.2%

False events added 10%

True 0% 1049/113  97%  1192/111  85% 0.89 (0.83,0.96) 86.3%
t

e e 10% 944/113  107% 1073/111  9.4% 0.89 (0.83,0.96) 82.1%

20% 839/113  119%  953/111  10.4% 0.90 (0.83,0.97) 75.5%

30% 734/113  134%  834/111  11.7% 0.90 (0.82,0.98) 68.5%

40% 629/113  153%  715/111  13.4% 0.90(0.82,0.99) 58.9%

False events added 20%

True 0% 1049/227 17.8% 1192/222  157% 0.90 (0.84,0.97) 82.8%

f:r?]'gje 4 10% 944/227  19.4% 1073/222 17.1% 0.91(0.84,0.97) 76.9%
20% 839/227 213% 953/222  18.9% 0.91(0.84,0.98) 69.9%
30% 7341227 236% 834/222  21.0% 0.91(0.84,0.99) 61.4%
40% 629/227 265% 715/222  23.7% 0.91(0.84,1.00) 51.7%

False events added 30%

True 0% 1049/340 245% 1192/333  21.8% 0.91(0.85,0.97) 78.7%

ovens 10% 944/340 265% 1073/333  23.7% 0.91(0.85,0.98) 72.2%
20% 839/340 28.8% 953/333  259% 0.92 (0.85,0.99) 64.3%
30% 734/340  316% 834/333  28.5% 0.92 (0.85,0.99) 55.8%
40% 629/340 351% 715/333  31.8% 0.93 (0.85,1.00) 46.0%

False events added 40%

True 0% 1049/453  302% 1192/444  27.1% 0.92(0.86,0.98) 74.7%
re;’;':\fe 4 10% 9441453  324% 1073/444  29.3% 0.92(0.86,0.99) 67.5%
20% 839/453  351% 953/444  318% 0.93 (0.86,0.99) 59.7%
30% 734/453  382%  834/444  347% 0.93 (0.87,1.00) 50.4%
40% 629/453  419% 715/444  383% i 0.93(0.87,1.01) 40.7%

TR TR TITL R LLIUR L

T T 1
0.7 08 09 1 11
Aspirin Placebo
better better

Mean risk ratio (2.5th and 97.5th percentiles) where point size is proportional to trial power.
Simulated event rates are larger than in the published ASCEND trial because the trial ended
with less than 90% power. Dashed red line represents adjudicated data risk ratio. % false
events calculated by dividing the number of false events by the total number of events, by
treatment arm. *Significance level set at 5%. Cl = Confidence interval.
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Figure 6.2 Simulated ASCEND major bleeding events data measuring the
impact of removing true events and adding false events on risk ratio estimates
and power

Aspirin (n=7740) Placebo (n=7740)

True / False % false True/False % false

events  events events  events Mean risk ratio (95% Cl) Power*
Best available data 369/0 0.0% 28710 0.0% i 1.29 (1.11,1.50) 90.6%
Routine data (i.e. random errors added) 3
False events added 0% 1
True  10% 333/0  00%  258/0  0.0% Il 1200110152 86.7%
events
removed 29% 296/0  00%  229/0  0.0% Il 129(1.09,153) 823%
30% 250/0  00%  201/0  0.0% — Ml 130(1.07,155) 76.7%
40% 222/0 0.0% 172/0 0.0% ——— 1.30(1.05,157) 69.6%

False events added 10%

events
il

True 0% 370/33  81%  286/33  10.3% 1.26 (1.10, 1.45) 87.4%
removed 10% 333/33  89%  258/33  11.3% 1.26 (1.08, 1.46) 83.8%
20% 296/33  10.0%  229/33  126% Il 126(1.07,147) 788%
30% 259/33  112%  200/33  14.1% —l—  125(1.06,1.48) 723%
40% 222/33  12.8%  172/33  16.1% Ml 125(1.03,149) 64.3%
False events added 20% ‘
True 0% 370/65  150% 286/66  18.7% —l— 124 (1.08,1.41) 85.1%
" !
re:;';je 4 10% 333/65  16.4%  258/66  20.4% —l— 1.23 (1.07,1.42) 80.4%
20% 206/65  18.1%  229/66  224% il 123 (1.06,1.42) 73.7%
30% 259/65  202% 200/66  24.8% . 122 (1.04,1.42) 66.4%
40% 222/65 22.8% 172/66  27.8% —— 121 (1.02,1.43) 582%
False events added 30% |
True 0% 370/98  21.0% 286/99  25.7% Il 122 (1.07,1.38) 81.4%
t !
e ved 10% 333/98  228% 258/99  27.8% — 121(1.05,1.38) 76.5%
20% 206/98  249%  229/99  302% —— 1.20 (1.04,1.38) 68.9%
30% 259/98  275% 200/99  33.1% i 1.20 (1.03,1.38) 61.0%
40% 222/98  30.7%  172/99  36.6% - 1.19(1.01,1.38) 52.8%
False events added 40% :
True 0% 370/131  261% 286/132  315% — 1.20 (1.06,1.36) 78.1%
i !
e ved 10% 333/131  282% 258/132  33.9% — 119 (1.04,1.35) 73.0%
20% 206/131  30.7% 229/132  36.6% —— 1.18 (1.03,1.35) 652%
30% 250/131  336% 200/132  39.7% o 117 (1.02,1.35) 56.7%
40% 222/131  3714% 172/132  435% —I~—| 1.16 (1.00,1.35) 48.2%
T T 1
08 1 1.3 17
Aspirin Placebo
better better

Mean risk ratio (2.5th and 97.5th percentiles) where point size is proportional to trial power.
Simulated event rates are larger than in the published ASCEND trial because the trial ended
with less than 90% power. Dashed red line represents best available data risk ratio. % false
events calculated by dividing the number of false events by the total number of events, by
treatment arm. *Significance level set at 5%. Cl = Confidence interval.
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CHAPTER 7 Overall conclusions

Chapter summary

Findings from this thesis suggest that UK routinely collected health data may be reliable
enough to be the sole method of follow-up for major cardiovascular and bleeding events in
primary prevention cardiovascular RCTs, allowing future trials to have a far more
streamlined design with efficient low-cost participant follow-up. More generally, the findings
from this thesis have consistently shown that when sufficient blinding is in place, the
protection afforded by large-scale randomisation means that moderate errors introduced by
utilising streamlined follow-up methods (i.e. routine data or pre-adjudicated direct follow-
up) have little impact on relative treatment effect estimates. The results from this thesis
have been published in a number of open-access journals, but future work is needed to
investigate a wider range of outcomes, trial populations, and routine data sources. Other
work by the wider UK research and health data community is also required to support
implementation of these findings. These include initiatives to reduce the time and
complexity of required to establish data access from providers and to reduce the time lag

between hospitalisation and availability of information for researchers.
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7.1 Introduction

Large randomised trials (RCTs) in cardiovascular disease (CVD) have provided reliable
evidence for interventions whose widespread use has contributed to the secular declines
in CVD mortality.1”#2 However, increasing costs of conducting trials threaten our ability to
generate new randomised evidence.’®?? Observational analyses in routinely collected
healthcare (i.e. “real-world”) data are increasingly used to make inferences about the safety
and efficacy of interventions, but such non-randomised analyses cannot fully account for
confounding and are unreliable.?® More appropriately, routinely collected data could be
used to streamline trial follow-up conduct/design by offering a cost-efficient method to
ascertain outcomes.?38 But there remains considerable uncertainty about whether
information derived from routine data follow-up are reliable enough to be used in

randomised trials.?*

The primary aim of this thesis was to investigate, whether for large cardiovascular trials in
the UK, follow-up of their primary and secondary outcomes via routinely collected hospital
admission and death registry data: (1) are ascertained as accurately and completely as
adjudicated direct follow-up, and (2) can yield the same estimated treatment effects as
adjudicated direct follow-up. With secondary aims to: (3) assess whether clinical
adjudication of direct trial follow-up is necessary; and (4) use simulated data to investigate
the impact on randomised trials more generally of removing true events and adding false

events, as may happen if routine data are used for follow-up.
7.2 Main findings

7.2.1 Previous studies

The systematic search identified only three previous studies that compared cardiovascular
and bleeding outcomes ascertained via UK routine data with adjudicated direct follow-up,
two of which®2° assessed old routine data collected over two decades ago (i.e. 1989-2001),

and the other®’ followed-up participants for only 28 days. Nevertheless, for cardiovascular

156



outcomes, agreement between data sources was strong for revascularisations, and
moderate for MIs and strokes, with better concordance in people with no prior vascular
disease. Re-running randomised comparisons using routine data only provided relative
treatment effect estimates similar to adjudicated direct follow-up. For major bleeding events,
routine data showed moderate completeness but accuracy was low, as the study®” made
no differentiation between major and minor bleeding events recorded in the routine data.

No studies were identified that assessed kidney disease outcomes.

The systematic review concluded that further research was needed in order to better inform

the design of future cardiovascular trials, in particular to:

1. Investigate the reliability of cardiovascular outcomes ascertained using “modern”
up-to-date routine data sources, across UK nations.

2. Develop a routine data algorithm to accurately categorise bleeding events as major
or minor.

3. Assess the reliability of routine data ascertained cardiovascular outcomes in
populations where presentation of such events are atypical, for example in people
with moderate-to-severe chronic kidney disease.

4. Investigate whether the kidney replacement therapy outcome can be reliability

ascertained from UK routine data.

7.2.2 Serious vascular events and major bleeding events in the ASCEND trial

In analyses of the ASCEND® primary prevention trial (conducted between 2005-2017) in
people with diabetes, cardiovascular and major bleeding outcomes ascertained via
“modern” UK routinely collected hospital admission and death registry data were compared
to adjudicated direct follow-up. For serious vascular events (SVEs, a composite of non-fatal
myocardial infarction, presumed ischaemic stroke or TIA, and vascular death [excluding
intracranial haemorrhage]) and arterial revascularisations, UK routinely data were found to

provide similar estimated relative treatment effects to adjudicated direct follow-up for both
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the aspirin and omega-3 fatty acids randomised comparisons. Agreement between
adjudicated direct follow-up and routine data was strong for most of the components of the
SVE outcome, with sensitivity poorest for ischaemic strokes and TIAs, and substantially
improved when adjudicated follow-up were restricted to fatal and hospitalised events only.
Routine data did appear to identify some additional events potentially missed by direct
participant follow-up. Thus UK routine data may be reliable to be the sole methods of follow-
up for myocardial infarctions, hospitalised ischaemic strokes, arterial revascularisations,
and vascular deaths in streamlined primary prevention trials, perhaps without the need for

verification by clinician adjudicators.

For major bleeding events (a composite of any intracranial haemorrhage, sight-threatening
bleeding in eye, serious gastrointestinal bleeding, and other major bleeding events) in
ASCEND, compared to adjudicated direct follow-up, by applying an algorithm to UK
routinely collected hospitalisation and death registry data, routine data follow-up provided
similar estimates of the relative and absolute effects of aspirin versus placebo. Between the
two data sources this study found moderate levels of agreement, with both routine data and
adjudicated direct follow-up missing some major bleeding events. Agreement was poorest
for eye bleeding and other major bleeding, where routine data failed to identify a number of
important events. Analysis by bleeding type found that for intracranial haemorrhage, sight-
threatening bleeding in eye, and serious gastrointestinal bleeding the rate ratios were
almost identical; however, for other major bleeding (which included epistaxis, haemoptysis,
haematuria, vaginal, and other bleeding) routine data provided a lower estimate of the
relative effects of aspirin compared to adjudicated direct follow-up. Despite these
differences, the interpretation of ASCEND’s aspirin randomised comparison (i.e. the
benefits of aspirin being largely counterbalanced by the bleeding hazard) would have not
changed had follow-up been solely via routinely collected data. These results suggest UK
routine data represent a potentially cost-efficient method to ascertain major bleeding

outcomes during both within and post-trial periods, either to supplement existing methods
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or to be used on its own. But, further work is needed to validate this algorithm in other trial
populations and evaluate further sources of routine data that can better ascertain eye
bleeding and other major bleeding events. Additionally, safety data needs to be sent to the
trial in a timely manner to satisfy regulatory requirements, currently such lags in reporting

risk missing early clinically important safety signals.

The ASCEND trial’s primary methods of follow-up was via mailed questionnaires every 6
months, as the majority of the primary and secondary outcome events were adjudicated,
this allowed a direct assessment of whether the trial’s results would have been altered in
the hypothetical scenario that adjudication had not been carried out. For serious vascular
events, relative and absolute treatment effects remained similar for pre-adjudicated follow-
up. While for major bleeding events, the relative effects of aspirin on pre-adjudicated
outcomes were similar, but the absolute effects of aspirin were found to be materially
different, with pre-adjudicated follow-up providing an absolute bleeding hazard almost
double that of the adjudicated data. ASCEND has illustrated the feasibility of streamlined
mail-based follow-up methods, with reported SVEs potentially not requiring verification via
clinical adjudication. This is particular relevant to trials being conducted outside of the UK

where routine data may not be available.

7.2.3 Major atherosclerotic events and kidney replacement therapy in the SHARP trial

Thus far, routine data has shown to be a reliable method of follow-up in people who present
with typical symptoms for atherosclerotic cardiac events, but it remains unclear whether
such data are also a reliable means of follow-up in populations with atypical presentation,
such as those with chronic kidney disease (CKD).>® Analyses from the SHARP trial (2003-
2010), in people with moderate-to-severe CKD, found that information on maintenance
kidney replacement therapy (i.e. maintenance dialysis or kidney transplantation) was highly
accurate and complete both in England routine data and reported by participants to trained
research coordinators (i.e. pre-adjudicated direct follow-up), with pre-adjudicated data

providing almost identical relative treatment effects estimates to adjudicated direct follow-
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up. For major atherosclerotic events (MAEs), while both routine data and pre-adjudicated
follow-up successfully identified the majority of events, these data sources appeared to
identify additional coronary events (i.e. non-fatal MIs and coronary deaths) that adjudicators
considered to be non-atherosclerotic, particular for people on dialysis; and routine data
were not able to be able to differentiate between non-coronary revascularisations related
to dialysis access vs not. Despite these discrepancies, relative treatment effect estimates
from pre-adjudicated data were very similar to adjudicated direct follow-up, with benefits

seen both in people on and not on dialysis at time of randomisation.

Thus in people with CKD, routine data in England may be reliable enough to ascertain
initiation of maintenance dialysis, kidney transplantation, non-fatal myocardial infarctions,
coronary deaths, non-haemorrhagic strokes, and coronary revascularisations. However, for
non-coronary revascularisations an additional adjudication step might be necessary to
exclude dialysis access procedures. In settings where routine data information are not
available, findings from SHARP indicate that adjudication of clinic-based follow-up for KRT
and MAE outcomes may not be necessary, and over strict adjudication criteria for MAES
may also have led to the trial underestimating the relative and absolute treatment effects

among people on dialysis.

7.2.4 Simulation study investigating the impact of routine data errors on treatment

effect estimates and power in randomised trials

Analysing simulated trial data from a wide range of trial scenarios showed that routine data
sources with small-to-moderate random errors (i.e. true event removed and false events
added <20%, which are equally distributed between trial arms) have little impact on relative
treatment effect estimates in randomised trials. In the situation where routine data sources
do introduce large amounts of error into a trial (i.e. true event removed and false events
added >20%), larger trials (n=5000) are better protected against random errors biasing the

treatment effect towards the null and reducing trial power. These results provide further
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rationale to consider using UK routine data as the sole source of follow-up for future

cardiovascular trials.

7.3 Strengths and limitations

The studies conducted in this thesis had a number of strengths. Firstly, using data from the
ASCEND trial, which completed follow-up in 2017, meant that “modern” up-to-date routinely
collected data were able to be assessed and therefore are highly relevant to trialists
currently at the stage of designing streamlined trials in the UK. Secondly, there were enough
events in ASCEND and SHARP to not only investigate its primary and secondary outcomes,
but also to provide agreement statistics for the individual components. This was particularly
important in ASCEND, where due to large numbers of events, it was possible to identify
that the reduction in sensitivity for SVEs was driven by non-hospitalised ischaemic strokes
and TIAs no being recorded in the current routine data sources. Thirdly, unlike many
previous studies that were not able to compare routine data sources to an established gold-
standard®2°, this study was able to compare routine data with clinically adjudicated direct
participant follow-up, therefore assessing these novel follow-up methods against current
trial approaches. Fourthly, by re-running ASCEND’s randomised comparisons, this study
was able to consider the hypothetical scenario that routine data had been the sole method
of follow-up and assess whether there were any statistically meaningful differences in the
point-estimate, thus providing context for agreement statistics that can often have limited
meaning on their own.>®%” In ASCEND, the trial team made particular effort to establish
routine data linkage not just in England, but also in the devolved nations, meaning it
represents one of the few studies to consider reliability of routine data across multiple
countries’ data systems. Finally, with the utilisation of simulation methods, this thesis has
been able to go beyond the case studies presented in this thesis, allowing for a more
complete overview of the impact of routine data errors on treatment effect estimates and

power. With results suggesting that small-to-moderate random errors (i.e. false events
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added and true events removed <20%) have little impact on relative treatment effect

estimates in appropriately-blinded large randomised trials.

The studies presented in this thesis also have a number of limitations, firstly, due to the
systematic review only identified a small number of trials reporting experiences with routine
data, and trials where experiences may have been different may not have been published.
Secondly, the ASCEND trial (and the England subset of the SHARP trial) were carried out
in the UK which has a national health service, the interpretation may not be generalisable
to routine data in non-UK countries. Thirdly, ASCEND and much of SHARP were primary
prevention populations limiting generalizability to secondary prevention trials, in which a
distinction must be made between an incident serious vascular event and the recording of
pre-randomisation diseases (although such work has been conducted in the HPS trial
described in CHAPTER 2). Fourthly, the ASCEND database did not have the associated
medical notes to verify or refute over two-hundred events of major bleeding identified solely
from routine data sources. ASCEND also utilised mail-based follow-up, so comparisons
with more traditional clinic-based reported events was not possible (although again, such
work has been conducted in the HPS trial described in CHAPTER 2). ASCEND participants
were not linked to their primary care records which may have improved the ascertainment
of non-hospitalised events. Finally, in the simulation study, it was assumed that routine data
sources can be compared to the ground-truth, however, despite clinical adjudication,
perfect follow-up data is an aspiration and so any data comparisons needs to acknowledge

there will always be imperfections in the real world.

7.4 Implications for future clinical trials

This thesis has highlighted the potential utility of routine data as a means of participant
follow-up. For UK primary prevention cardiovascular trials, linkage to routinely collected
hospital admission and death registry data may be a reliable method of streamlining trial
follow-up for a variety of outcomes, including: non-fatal myocardial infarction, hospitalised

ischaemic stroke, vascular death (including its subtypes), arterial revascularisation, kidney
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replacement therapy, intracranial haemorrhage, and serious gastrointestinal bleeding.
Furthermore, analyses of real and simulated trial data both suggest that in large trials,
where both participants and investigators are blinded to treatment allocation, small-to-
moderate errors in event ascertainment appear to have little impact on relative treatment
effect estimates. Thus, when designing large cardiovascular trials in the UK, trialists should
consider the merits of applying for linkage to routinely collected data, and its potential role
as a means of follow-up information for trial participants. Although further studies to confirm
the findings presented in this thesis would be scientifically valuable, the presented data
provide a strong rationale for use of UK routinely collected data for follow-up of important
major cardiovascular and bleeding outcomes, potentially without the need for clinical

adjudication.

These relatively novel methods have important benefits both for participants and
researchers, as fewer site visits may be required, and efficient participant follow-up directly
allows trials to recruit large numbers of participants, thus being better powered to answer
important questions that directly impact clinical practice. Indeed, a number of UK
streamlined trials are currently being set up with a plan to utilise both routine data and mail-
based follow-up methods, including: A Study of Cardiovascular Events iN Diabetes Plus
(ASCEND-PLUS)®°, a double-blind placebo-controlled trial investigating whether
semaglutide can safely help reduce major cardiovascular events in 20000 people with type
2 diabetes; Aspirin to Target Arterial Events in Chronic Kidney Disease (ATTACK)®!, an
open-label trial (with blinded endpoint adjudication) investigating whether taking low dose
aspirin, compared to usual care, can reduce the risk of major cardiovascular events in
25210 people with CKD; and Aspirin after hospitalisation with Pneumonia to prevent
cardiovascular Events randomised Controlled Trial (ASPECT)%2, a multi-centre open-label
parallel group trial investigating whether aspirin reduces the risk of major cardiovascular
events in 22600 patients hospitalised with pneumonia. Without such streamlined methods

available it is unlikely that such large trials would be feasible or affordable, particularly when
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investigating “old” drugs.®” As the primary outcome for each of these trials is a modified
version of the major cardiovascular event outcome and for two trials the primary safety
outcome is major bleeding, the published results from CHAPTER 3, CHAPTER 4 and

CHAPTER 5 should help inform the design of these trials.®3122123

In addition to new streamlined trials being set up, the findings from this thesis are currently
being used to help inform the BHF Data Science Centre!*® in developing standardised
routine data definitions for core cardiovascular trial outcomes. The BHF’'s SCORE-CVD
project is currently bringing together multiple stake-holders to agree on consistent outcome
definitions that can be adopted by all future UK cardiovascular trials that plan to use routine

data follow-up.

In order to provider a stronger evidence base in the understanding of the reliability of routine
data follow-up for randomised trials many more Studies Within Trials (SWATS) ought to be
conducted.’®* However, as highlighted in CHAPTER 2, most SWATs to-date are
inconsistent in their analytical approach and presentation of results. Guidelines by an MRC-
NIHR Trials Methodology Research Partnership (TMRP) Health Informatics Working
Group*® on the design of routine data utility SWATSs are being developed and will include

training based on data from this thesis for other trialists wishing to conduct such studies.

Beyond the use of routine data, the ASCEND trial has demonstrated the effective use of
mail-based recruitment and follow-up to streamline trial conduct, where no physical sites
were needed. In this thesis, post-hoc analysis of these data showed that the trial’s
interpretation and main conclusions for the serious vascular event finding would not have
been different if mail-based reports had not been adjudicated, thus offering a further step

to streamlining trial procedures.

For people with CKD, current guidelines from the International Society of Nephrology’s 1st
International Consensus Meeting on Defining Kidney Failure in Clinical Trials concluded

that “the role of event adjudication for kidney failure needs to be evaluated within the
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specific context of the study planned”.'*® Findings from CHAPTER 5 indicate that
adjudication of initiation of dialysis and kidney transplantation may be wholly unnecessary
for international trials recruiting patients from nephrology sites. Indeed, the preliminary
findings from these analysis informed the design of the EMPA-KIDNEY trial, where KRT
events were not adjudicated, and instead investigators reviewed a renal status timeline to
record new onset of kidney replacement therapy (a key component of the trial’s primary
outcome).r®” Additionally, for major atherosclerotic events in people with CKD, SHARP
highlighted a potential negative consequences of overly strict criteria for outcome definitions
on a trial's power. These findings should prompt more reflection on scientific value of
adjudication when designing trials, rather than assuming it is always the most prudent

design option, where resources allow.
7.5 Current barriers to utilising routinely collected data

This thesis has demonstrated that routine data may play an important role in the design of
future randomised trials. Nevertheless, there are challenges with respect to applications
and data processing/analysis that may need to be solved before routine data can be

successfully embedded into a trial.

7.5.1 Applying for and receiving linked routine data

At the current time, applying for routine data linkage is a highly time consuming and complex
process that can take many months (and sometime years) to complete.*® A recent
commentary by the PATCH trial, described how from the time when the application was
submitted, is took 15 months to receive the first extract of data from NHS Digital.*” With
data provider policies continually changing, current applications in development can quickly
become out of date and frequently need updating.**® Indeed, this was true when applying
for routine data linkage to the SHARP England cohort, with sections in the application often
needing to be amended prior to and after submission. Even across UK nations the

application processes can be very heterogeneous and require months of additional staff
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time to submit each application.’** The “correct” wording on consent forms and the
information governance procedures in place are essential for routine data linkage approval.
Better guidance from data providers would be extremely helpful.#”3*8 Finally, data providers
require researchers to carefully select the minimum number of datasets and data fields
required to conduct their study. Much of the language around such datasets are specific to
NHS service-delivery. This could be a barrier for to researchers who do not fully understand

what data are available and how to request specific data items.

Once the application is approved, the trial unit can start receiving extracts from the data
provider. But, even for well-established datasets, such as hospital admission data, the data
received tends to be at least 3 months out-of-date. Clinical trial regulators require the timely
reporting (within 7 to 15 days) of any suspected unexpected serious adverse reactions
(SUSAR) related to the treatment being investigated.'** The delayed data flows therefore
limit its utility for randomised trials, where other methods of follow-up are needed to identify
any potentially SUSARs. Additionally, trials are also depending on the ongoing existence
of the dataset and flow of data, this could be seen as a considerable risk to principle

investigators.

Current collaborative efforts in the UK between researchers and data providers through the
recently founded Health Data Research UK®? (HDR-UK) are working at trying to reduce the
barriers mentioned above.?*? In NHS England for example, NHS DigiTrials!%, a new data
service for UK trials, are considering methods to simplify the application process, provide
datasets that satisfy CDISC trial data standards®*, and improve the timeliness of data

flows.*®

7.5.2 Processing and analysing routine data

The Medicines and Healthcare produced Regulatory Agency in the UK and the US Food
and Drug Administration require trials to show data provenance and integrity. This includes

a detailed record of where the data was recorded, how it was processed, and how
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consistent such data are through the data flow/lifecycle. This is particular challenging for
trials aiming to utilise routine data, where much of the data lifecycle occurs prior to it being
sent to the trials unit. Murray et al*® have designed a preliminary framework to document
the provenance and integrity of routine data, and have published reports for both hospital

admission data and death registry data in England.

Routinely collected health data are highly complex and specific to the healthcare system
they represent. Greater effort needs to be made to share expertise and examples of good
practice between trial units. This thesis has highlight how understanding the healthcare
system is an important factor when interpreting the data. For example in developing severity
factors to determine whether a bleeding event was major, it was important to understand
that hospital admission data includes both “hospital inpatient stays” where participants stay
overnight, and “day cases” where patients may be in a hospital bed for a small number of

hours.

7.6 Implications for future research

To-date, in the UK, few routine data utility SWATs have been conducted; indeed in the
systematic review conducted in CHAPTER 2 only eleven studies were identified that
compared the reliability of UK routine data follow-up against trial follow-up data. Within
these 11 studies the statistical methods to compare data sources were highly
heterogeneous, leading to substantial difficulties comparing results between studies, and
most had too few events to reliably assess agreement. Thus, in order to build the evidence
base necessary for inform trial design, numerous more SWATS are needed, where the
linked trials are of adequate size and results are presented in a standardised format.
Additionally, it is important that these studies not only investigate new outcomes in different

trial populations, but also carefully verify existing findings.

The relatively high costs of retrospectively linking completed trials to routine data sources

are a considerable barrier for many clinical trial units in conducting research, particularly as
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trial methodology budgets are small.*>*” Routine data utility SWATs could instead be
included as an add-on to existing routine data applications for other purposes. For example,
the primary purpose of linkage for the ASCEND trial was for long-term participant follow-
up, the routine data utility SWAT made use of the same data but was included as a
secondary purpose. Alternatively, routine data could be assessed in the early phase of a
trial, where a decision can be made as to whether adjudication and/or additional sources of
follow-up information may be necessary. This approach was taken by the ADAPTABLE trial
in the US, where these findings helped inform trial design, leading to the decision that

clinical adjudication was not necessary.%’

Most studies presented in this thesis investigated only a limited number of routine data
sources including: routinely collected hospital admission data, cancer and death registry
data. As shown in Figure 1.3, there are an increasing number of routine data sources
becoming available to researchers in the UK. The RECOVERY?® trial for example, made
use of over 25 different routine datasets in which such data was utilised in all areas of the
trial’s conduct. Future research needs to consider how multiple routine data sources might
improve the accuracy and completeness of event ascertainment (and how to resolve
apparent conflicts between different data sources). This has already been achieved with
two data sources in the Salford Lung Study which developed an algorithm to identify COPD

exacerbation using a combination of routinely collected hospital, GP and prescribing data.

For cardiovascular trials, findings from this thesis indicate that UK routine data may be
reliable at identifying particular trial outcomes (i.e. major cardiovascular and bleeding
events), however, only three previous studies were identified and only two trials were
analysed in this thesis. Further research to replicate these findings in a variety of
cardiovascular trials would be useful, particular using trials that have used more traditional
follow-up methods (including investigator reports and clinic-based follow-up), where routine
data can be compared to the current trial “gold-standard”. Additionally, routine data utility

needs to be assessed in a wider range of countries and broader trial populations, such as
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in people with prior cardiovascular events (i.e. secondary prevention trials), where routine

data needs to be able to differentiate between “old” and “new” events.

Finally, this thesis has focused primarily on the views of the researchers conducting the
trials. Equally important, if not more, are maintaining the trust of the patients, general public
and medical profession in the safe and transparent use of people’s routine data in
randomised trials. Work is currently ongoing to bring these groups into current discussions
on the use of routine data in trials.*® In the past, when the public and medical professionals
have not been involved in decision making processes, this has led to substantial loss of
trust and reservations over allowing non-NHS organisations access to their data.'*® This
poses a substantial risk to future trials aiming to rely on such data sources for particular
areas of trial conduct, greater efforts needs to be made to improve public and patient
involvement in running clinical trials and understanding in what purposes they feel
comfortable for their data to be used. The RECOVERY? trial and #datasaveslives'

campaign have made some headway in this regard but much more is needed to be done.

7.7 Final summary

Findings from this thesis suggest that UK routinely collected health data may be reliable
enough to be the sole methods of follow-up for important outcomes in large-scale
cardiovascular trials (i.e. major cardiovascular and bleeding events) and support their wider
use in ongoing and future such trials. These relatively novel methods could provide
important benefits both for patients more widely and could reduce trial participant burden.
The methods should enable researchers to design larger trials for lower cost, ensuring both
better powered to detect moderate treatment effects and more efficient use of limited
funding resources. Some of the key results from this thesis have already been published
and are available open-access to help inform both the streamlined design of future UK
cardiovascular trials, to support national aims to develop standardised routine data
definitions for cardiovascular trials, and to help broader regulatory acceptance of the

methodology. Other work by the wider UK research and health data community remains to
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support implementation of thesis findings into practice. These include continued financial
support to data providers, greater patient and public involvement, initiatives to reduce the
time and complexity of required to establish data access from providers, and to reduce the

time lag between hospitalisation and availability of information for researchers.
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Appendix 1 Statistics of agreement
Al.1 Background and assumptions

Over the past decade agreement statistics have become the established tool for which
trialists have been able to measure the performance of routine data follow-up at accurately
and completely ascertaining events in randomised trials.6267:89.107.142-145 1 thjs gappendix

these statistical methods are outlined as an aid to the main thesis.

Assessing routine data follow-up performance using agreement statistics relies on the

following assumptions:

e Adjudicated direct follow-up, the “gold-standard” method of event ascertainment in
randomised trials, is an approximation of the ground-truth; and therefore the data source
used to assess the performance of routine data follow-up.

¢ Routine data and adjudicated follow-up are independent sources of information (i.e.
routine data sources were not used to identify events in adjudicated direct follow-up).

e For each participant, only the first occurrence of an event after the randomisation date
is counted.

¢ Routine data follow-up performance is assessed by measuring:

o Accuracy (i.e. how often routine data follow-up correctly categorises a
participant as having had no event)
o Completeness (i.e. the proportion of participants with a true event that are

correctly identified by routine data follow-up)

When assessing the performance of routine data follow-up, two questions can be asked:
(1) whether routine data can correctly categorise a participant as having an event or not;
and (2) to what extend the date of event in routine data follow-up deviates from the ground-
truth. This methods appendix focuses on question 1 as it is the primary question trialists

aim to assess and which standardised methods of assessment exist.5®

Al.2 Categorising participants
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When measuring agreement, participants are categorised as to whether during the trial’s
follow-up period (commonly starting at randomisation date and ending at date of censoring
or death) they have experienced the outcome of interest (i.e. Outcome=Yes, or
Outcome=No). For each participant, this categorisation can be made for both events
identified in adjudicated direct follow-up and routine data, the resulting categories can be
seen in Table Al.1. As adjudicated direct follow-up data are assumed to approximate the
ground truth, participants are defined as “true positives” where an event has been identified
in routine data and adjudicated direct follow-up, while “false positives” are defined as no
event being identified in adjudicated follow-up but an event identified in routine data only.
Similarly participants who were neither identified as having an event in adjudicated or
routine data follow-up are termed “true negatives”, and where no event was identified in
routine data but was identified in adjudicated follow-up, these are termed “false negatives”.
In this thesis it was decided to simplify this language by describing these categories as:
“outcome in both datasets” for true positives; “outcome in routine data only” as false
positives; “outcome in adjudicated follow-up alone” as false negatives; and “no such

outcome in either dataset” as true negatives.

Table A1.1: Two-by-two table comparing binary outcomes

Adjudicated direct follow-up

Outcome = Yes Outcome = No
Outcome = Yes A = True positives | B = False positives
Routine data
Outcome = No C = False negatives | D = True negatives

Al.3 Selection of agreement statistics

Agreement in Table A2.1 can be summarised using one of the following statistics:

sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV),
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crude agreement, and kappa statistic®®. These statistics are summarised below in Table
Al.2, in which all six statistics have been used in some form by routine data validation
studies previously.5267:89.107.142:145 ppy - NPV and crude agreement tend have limited
generalisability across studies, due to being dependent on the event rate of the trial
population being analysed. Therefore the primary statistics this thesis focuses on are
sensitivity, specificity, and kappa as these have greater generalisability and are mostly
independent of changes in the event rate. Overall agreement is measured using the kappa

statistic, while sensitivity and specificity measure completeness and accuracy.

Table A1.2: Summary of statistics of agreement

Statistic Description Formula
Sensitivity The proportion of participants ... A
with a true event correctly Sensitivity = 4=
identified by routine data follow-
up.
Specificity | The proportion of participants O
with no true event correctly Specificity = o——
identified by routine data follow-
up.
Positive The proportion of participants PPV — A
predictive with an event identified by routine T A+B
value (PPV) | data follow-up that are true
positives.
Negative The proportion of participants NPV = D
predictive with no event identified by routine T C4+D
value (NPV) | data follow-up that are true
negatives.
Crude The proportion of all participants _A+D
agreement | that were correctly categorised by Crude agreement (po) = N
routine data follow-up as true
positives or true negatives.
Kappa The overall level of agreement Expected agreement (p,)
statistic between routine data and _(A+B\/A+C
adjudicated direct follow-up, - (T) (T)
adjusted for agreement by 4 (C-I-_D) (m)
chance. N N
Kappa statistic (k) = Po — Pe
1- Pe
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Al.4 Calculating 95% confidence intervals and comparing subgroups

In order to understand the level of uncertainty around sensitivity and specificity statistics,
95% confidence intervals can be calculated using the Wilson method of binomial
proportions.® Where p denotes the sensitivity/specificity statistic (see equations in Table
A2.2) and n the number of participants.

p(1—p)

Sensitivity/Specificity 95% confidence interval = p + 1.96 =

Similarly, for the kappa statistic Cohen developed methods to calculate the 95% confidence
interval.>® Where p, and pe denote the observed and expected levels of agreement (see

equations in Table A2.2), and n signifies the total number of participants.

Po(1—po)

Kappa 95% confidence interval = k + 1.96
n(1 — pe)?

Depending on the aims of the study and the type of data being analysed, the interpretation
of the kappa statistic can vary substantially. However, this thesis uses the established
approach by Landis and Koch®” where 0.01-0.20 is considered to represent slight
agreement, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 strong, and 0.80-0.99 very strong

agreement.

Finally, differences in the kappa statistic between subgroups can be assessed using
heterogeneity testing,%%8” in which one can derive the z statistic for a two-way heterogeneity
test using the following equation. Where k; and k; denote the kappa statistics in groups 1

and 2, SE(k:) and SE(k;) denote the kappa statistic standard errors in groups 1 and 2.

K1 — K3

VISE(k1)]? + [SE (k)]
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Al.5 Summary

To summarise, statistics of agreement are an important tool to measure how reliable routine
data follow-up are at ascertaining outcomes in randomised trials. This thesis primarily
focuses on sensitivity, specificity and kappa as these statistics are mostly independent of a
population’s event rate. The kappa measures overall agreement, while sensitivity and
specificity measure the completeness and accuracy of routine data follow-up. For these
three statistics there are established methods to calculate 95% confidence intervals and

test for differences between subgroups.
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Appendix 2 Systematic review protocol

A2.1 Review question

How accurate and complete are routinely collected health data in the United Kingdom

compared to adjudicated direct follow-up for ascertaining outcomes in randomised trials?

A2.2 Search terms in titles, abstracts, or keywords

[1] Randomised controlled trials:

(clinical trial$ OR randomi#ed trial$ OR randomi#ed controlled trial$)

[2] Routinely collected data (specific terms):

(hospital episode statistics OR patient episode database for wales OR scottish
morbidity record$ OR national register OR national registry OR national registries
OR public register OR public registry OR public registries OR national patient
register OR national patient registry = OR national patient registries OR
administrative claims OR routinely collected data OR routinely collected electronic

patient record$)

[3] Routinely collected data (non-specific terms):

(administrative data OR administrative record$ OR claims data OR claims record$
OR electronic health care record$ OR electronic healthcare record$ OR electronic
health data OR electronic health record$ OR electronic medical record$ OR
electronic patient record$ OR general practice data OR general practice record$
OR hospital data OR hospital record$ OR hospitali#ation record$ OR inpatient data
OR national data$ OR outpatient data OR primary care record$ OR primary care
data OR routine data OR secondary care data OR secondary care record$ OR

registries OR registry)

[4] Methods of record linkage:
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(linked or linkage)

[5] Methods of comparison:

(accuracy OR agreement OR completeness OR concordance OR kappa OR
negative predictive value OR positive predictive value OR npv OR ppv OR
sensitivity OR specificity OR valid OR validation OR validity OR treatment effect$

OR intervention effect$ OR matched OR miscoding)

A2.3 Search strategy

For an article to be identified it must include a randomised trial term, routine data source
term (either a specific dataset, or non-specific routine data term with reference to data

linkage), and a term referencing a method of comparison between data sources.

[1] Search for randomised controlled trials

[2] Search for routinely collected data (specific terms)

[3] Search for routinely collected data (non-specific terms)

[4] Search for methods of record linkage

[5] Search for methods of comparison

[6] Combine ([1] AND ([2] OR ([3] AND [4])) AND [5])

A2.4 Databases

The MEDLINE and Embase databases will be used. In which searches will be restricted to
English language only and a publication date of 15 January 2010 onwards; for Embase all

conference abstracts will also be excluded.

MEDLINE:

1. Access Search Oxford Libraries Online (SOLO) via: http://solo.bodleian.ox.ac.uk/

2. Search for: MEDLINE OVID
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3. Open the database: Ovid MEDLINE ® Epub Ahead of Print, In-process & Other
Non-Indexed Citations, Ovid EMDLINE ® Daily and Ovid MEDLINE ® 1946 to
present

4. Submit syntax: [1] to [6]

5. Restrict to: English language only

6. Publication date: 1% January 2010 to present
Embase:

1. Click on change database

2. Select: Embase (1974 to present)

3. Submit syntax: [1] to [6]

4. Restrict to: English language only

5. Publication date: 1% January 2010 to present

6. Remove conference abstracts
A2.5 Review criteria

An initial search will be conducted, in which to verify that all known articles have been
included using the existing search strategy. If some are missing, the search strategy will be
updated. Duplicates will be checked manually in Excel. All articles will then be reviewed,
first based on the title only, and then by abstract, those that are not excluded will then have

full text screening using the following criteria:

1. Only include studies that have conducted a comparison between randomised clinical
trial data and routine data follow-up (title/abstract)

2. Exclude studies using non-UK routinely collected data (full text)

A2.6 Data extraction

Information will be extracted using the following categories:

= Trial design
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= Participant characteristics
= Routine data linkage
= Algorithms used to define the outcomes
= Criteria for an event to match between the two data sources (e.g. <14 days
difference)
= Study results:
o Participant-level or event-level comparison between routine data and
adjudicated follow-up
o Agreement statistics (e.g. sensitivity and specificity)
o Randomised comparisons re-run using routine data only

= Author’s interpretation of results

A2.7 Summarising the evidence

Study information:

¢ An outline of each study, will be presented in tabular form

Agreement statistics:

¢ Information will be summarised in tables, stratified by trial outcome

Randomised comparisons:

o A forest plot for each study will be presented including relative treatment effect
estimates derived using trial follow-up data alone and routine data follow-up only,

both for the trial's composite outcome and its individual components
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Appendix 3 Simulation study methods

A3.1 Formulae to calculate the required event rate for each trial scenario

The event rate required for a simple parallel-group randomised trial (where the proportions
of participants with an event at the end of trial are compared) was calculated using the
power.prop.test package in R. The approach used by the package is to iteratively solve the

power equation (below) based on a two-sided test for a difference in proportions.4®

(p1 — p2)Vn — zl_%\/(pl +p2) (1 - le{—pZ)

VP11 —p1) + (1 —p2)

1-B=0

—(py —p)Vn — zl_%\/(pl +p2) (1 - le{—pz)

\/pl(l —p1) +p2(1—p2)

+ o

Where ®(.) is the cumulative distribution function of the standard Normal distribution, n the
required sample size in each of the arms, p, and p, are the proportion of participants who
have experienced an event by the end of the trial, « the significance level, 8 the probability

of a type Il error, and z, _« the (1-a/2)"" quantile of the standard normal distribution.
2

A3.2 Formulae to calculate the probability of an error occurring for each participant

The following formulae were used to convert the true events removed rate (TER) to
sensitivity (Se), and false events added rate (FEA) to specificity (Sp). Where N. are the total
number of participants with a true event and N, are the number of participants without a

true event.

Se=1-TER

Sp=1 (Ne)FEA
p= N,
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The probability of a true event being removed for participants in the placebo group with a

true event (ppe) and participants in the active group with a true event (p.e) are:
Ppe =1 —Se
Dge =1 — Se

The false event risk ratio is denoted FRR. Where false events were equally distributed
between trial arms (i.e. FRR=1), the probability of a false event being added for participants
in the placebo group with no true event (pyn) and participants in the active group with no

true event (pan) Were:
Ppn = 1-5p

Pan =1—3S5p
Where false events were not distributed equally between trial arms (i.e. FRR#1), the

probability of a false event being added for participants in the placebo group with no true

event (ppn) and participants in the active group with no true event (p.) were:

_2(1—-Sp)
Pon = FRR + 1

_ 2FRR(1 - Sp)
Pan = FpR ¥ 1

Probabilities were calculated for each participant at the start of each simulated trial using a

binomial distribution.

A3.3 Formulae to calculate the minimum number of repetitions required for each

scenario

The primary performance measure for the simulation study was the mean difference
between the adjudicated data risk ratio and routine data risk ratio. Its variance was
calculated, for each scenario, using the following equation where ng;,,, was the number of

repetitions, 0; the estimate of the in repetition, and 8 the mean value of the estimate.

181



Nsim

_ 1 o
Var@) = ——— z @, — 6)?
Ngim 1 =)

The bias of the performance measure was calculated using the following formula:

Nsim

1 ~ =
Bias = Z 0, —0
Ngim 4

The Monte Carlo standard error for bias was then calculated using the formulae below:

Nsim

1 A
Monte Carlo standard error = | ——— Z (6; — 6)?
nsim(nsim - 1) =

By pre-setting Monte Carlo standard error threshold, the above formula was rearranged to
calculate the minimum number of repetitions (i.e. simulated trials) required to meet this
threshold.

_ Var(@)
sim = Monte Carlo SE2
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