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Abstract

Background

Stroke prevention treatment guidance for patients with atrial fibrillation (AF) uses evidence
generated from randomised controlled trials (RCTs). However, applicability to patient
groups excluded from the trials remains unknown. Real-world patient data provides an
opportunity to evaluate outcomes in a trial analogous population of direct oral anticoagulants
(DOAC:S) users and in patients otherwise excluded from RCTs, however there remains

uncertainty on the validity of the methods and suitability of the data.

This thesis sought to validate non-interventional methodology for comparison of treatment
effectiveness of oral anticoagulants in AF by emulating the pivotal ARISTOTLE trial
(apixaban vs warfarin) in linked UK primary care data before extending the analysis to study

groups excluded from, or underrepresented in ARISTOTLE.

Methods

This thesis used a novel method involving simultaneous equations and sampling to select a
subset of patients with AF in CPRD Aurum prescribed apixaban or warfarin that matched the
ARISTOTLE participants on baseline characteristics using only publicly available
summaries. Recently developed methods for inclusion of prevalent users were explored, and
a sampling method used with a modification to mimic the process of screening into an RCT.
ARISTOTLE outcomes were assessed during 2.5 years of patient follow-up and results

benchmarked before extending the analysis to patient groups under-represented in or

excluded from ARISTOTLE.



Results

I was able to select a subset of patients in CPRD Aurum that matched ARISTOTLE
participants on summary baseline characteristics and included prevalent users. The analysis
sample comprised 8734 apixaban users and propensity-score matched 8734 warfarin users in
CPRD. Results demonstrated non-inferiority of apixaban vs warfarin consistent with the pre-
specified benchmarking criteria. Unlike in ARISTOTLE superiority of apixaban vs warfarin
was not seen which may be linked to the higher proportion of patients with well-controlled
warfarin and lower proportion of Asian patients compared to ARISTOTLE. After
benchmarking results to ARISTOTLE, I extended the analysis to look at an under-
represented group (people aged > 75 years) and an excluded patient group (increased
bleeding risk). In the people aged > 75 years consistent results were seen compared with
people aged < 75 years and with the ARISTOTLE emulation with similar risks of stroke/SE
and all-cause death for apixaban vs warfarin along with a trend for a lower risk of major
bleeding on apixaban compared with warfarin. The increased bleeding risk group also

showed results consistent with the ARISTOTLE emulation for key outcomes.

Conclusions

Emulation of a reference trial in oral anticoagulants for atrial fibrillation can aid
understanding of results in non-interventional data and increase confidence in the methods
used facilitating the extension to patient groups of interest excluded or underrepresented in

the trial. The framework can be adapted to investigate treatment effects for other conditions.
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Chapter 1  Introduction

1.1. Rationale

Drugs are licensed based on a favourable benefit risk profile from randomised controlled
trials (RCT)s in terms of its efficacy and safety in a controlled setting. Whilst RCTs are
necessary in proving the effects of the drug, they have several limitations. RCTs typically
include a highly selected patient population to minimise the risk of harm (i.e. unintended drug
effects) and thus will often include the healthiest subset of the target patient population for
example by including only younger patients, incident disease, or those without significant
comorbidities or concomitant therapies by applying strict eligibility criteria to exclude
individuals based on comorbidity profile. In some instances, RCTs will include an enriched
population to maximise the chance of observing a statistically significant treatment effect,
thus trial populations may not be representative of the indicated (real-world) population.
Furthermore, trials are typically of short duration and may therefore not include patients
exposed long-term to the medication or detect long-term outcomes; the limited sample size
and follow-up of RCTs also means rare adverse events may not be observed. As a result,
evidence on treatment benefits and harms is often lacking for patients who would not have
met the eligibility criteria of the RCT, or who are prescribed drugs in a different way than

administered in a trial setting:

. A study of patients with inflammatory bowel diseases found only 31% would have
met the inclusion criteria of RCTs in biological agents. Reasons for exclusion included taking
high doses of steroids and comorbidities (2).

. A study of ‘real life” Multiple Sclerosis patients found mean time since first
symptoms to first-line disease modifying therapy treatment initiation was approximately 4

years shorter than for RCT participants (3).
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This poses a problem for the clinician post-licensure in that they must extrapolate RCT
results from a highly selected population to their patient case which may not be appropriate.
The patient may differ from the trial participants in ways such as: having comorbid
conditions that were in the trial exclusion criteria, being on other medications prohibited by
the RCT, being in an age group under-represented or excluded from the trial, or by a
difference in the severity or treatment history for the indication of interest. There have been
cases where drug effectiveness has appeared to differ in certain patient subpopulations; even
if relative risks do not differ across subgroups absolute risks often do which can have an
impact on risk benefit assessment, for example in a subgroup with lower absolute risks of an
effectiveness outcome the benefit in the reduction in risk of that outcome may be outweighed
by the harms associated with a given medication. For example, pivotal RCTs for
antihypertensives included patient populations that mostly had more severe hypertension for
secondary prevention. Post-licensure, antihypertensives were being prescribed to patients
with mild hypertension for primary prevention despite this patient group being excluded or
under-represented in the RCTs. The Cochrane meta-analysis of RCT data for this patient
group had a relatively small sample size (N=8912) and found antihypertensive drugs were not

effective in the treatment of adults with mild hypertension for primary prevention (4).

In the post authorisation setting in the US, The 21st Century Cures Act passed in 2016 places
an increased focus on the use of data collected as part of routine care to support regulatory
decision making. The European Medicines Agency (EMA) can also require post authorisation
safety and effectiveness studies in wider populations (5, 6). Non-interventional (sometimes
also referred to as “observational” or “real world”’) data sources overcome many of the RCT
limitations given that they contain data for a diverse range of patients treated with the drug in
routine care including patients who would have been not eligible for the trials. Furthermore,

non-interventional data allows the study of adherence to treatment in routine care which is of
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interest given patients may be less adherent outside the setting of a clinical trial. Drug
effectiveness and safety out of the controlled trial setting where patients may have more
comorbidities and concomitant medications can also be explored, along with the study of
longer-term clinical outcomes with the drugs being used for longer durations than in the
RCTs or used for a similar duration but with longer follow-up available in the non-

interventional data.

Data collected as a part of routine patient care such as diagnoses and prescription data
recorded in electronic healthcare record (EHRSs) provide a valuable opportunity to obtain
evidence on drug effectiveness in a routine care setting. These data can provide far larger
sample sizes compared with the numbers that are included in RCTs and from a more diverse
population. A wide breadth of outcomes including rare outcomes may be captured in EHRs

along with detailed medical history and sociodemographic and lifestyle data.

A key problem with non-interventional studies using these data is that the absence of
randomisation leaves them highly susceptible to confounding, making it difficult to have
confidence in the results. Confounding by indication is a particular problem in observational
research(7). Particular care must also be taken in attempting to determine drug effectiveness
(as compared with analysis of comparative safety where confounding by indication is
generally less of a problem) because of the risk of bias, including several forms of selection
bias either inherent in the data (such as channelling bias in the clinician selection of
treatments for patients or attrition bias in terms of systematic differences in patients switching
or stopping treatments during follow-up) or bias introduced in suboptimal design of the study

for example in the selection of index date for prevalent users.

One approach to try and reduce some of the inherent uncertainties with the analysis of non-

interventional data is to match patient records in EHRSs to those from an existing RCT (or
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‘reference trial’) followed by matching within EHR treatment groups to select an EHR
population similar to the trial population that is well balanced by treatment group. If the
estimates of effectiveness and safety obtained from this approach are comparable with the
trial results then this provides confidence in the validity of the non-interventional results

obtained and by extensions the methods used.

If non-interventional data can be successfully used to approximate the findings of an RCT in
this way then the analysis can be extended to estimate the effects in groups underrepresented,
or excluded from the original (reference) RCT. The ability to emulate a reference trial and the
optimal methods to use to do so are likely to vary by therapy area due to differing
confounders and different treatment patterns during follow-up. To emulate a reference trial
using non-interventional data, a suitable trial amenable to emulation in EHR data must first
be identified; namely a treatment that is recorded (eg as prescriptions in EHRs or insurance
claims) and with valid records of diagnoses and outcomes. This project will initially involve
testing whether an RCT can be successfully emulated in EHR data while developing optimal
methodology for that drug/therapeutic area. This methodology can then be applied to

generate evidence on groups that were underrepresented in the original (reference) RCT.

1.2. Aim

To investigate the use of United Kingdom (UK) EHRs in determining effectiveness of oral
anticoagulants for the prevention of stroke in atrial fibrillation (AF) through emulating a
reference trial and benchmarking the results in the trial-analogous EHR cohort against the
reference trial results. Subsequently analysis will be extended to groups underrepresented in

or excluded from the reference trial.

1.3. Objectives

The aim will be addressed by the following objectives, specifically to:
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1. Emulate the reference trial ARISTOTLE comparing apixaban to warfarin for prevention of
stroke in atrial fibrillation in UK EHRs including application of the trial eligibility criteria,
matching to the baseline characteristics of the participants in the reference trial, and assessing
the validity of the results and methods by benchmarking.

2. To explore different methods in the emulation of the reference trial including different
methods of matching and the inclusion of prevalent users.

3. To use the methodological framework to extend the analysis to look at apixaban compared
to warfarin in patient groups with atrial fibrillation underrepresented in or excluded from the

reference trial

1.4. Thesis structure
This thesis is a mixed book and research paper style containing both chapters based on

journal articles along with traditional thesis style chapters.

Chapter 1 introduces the rationale for the PhD along with the aim and objectives.

Chapter 2 describes the background and feasibility work involved in selection of a target
RCT including: 1) a brief summary of recent approaches to emulation (and extension) of
reference trials in non-interventional research ii) the data sources and how these relate to the
aim of the PhD, iii) a summary of feasibility work and the selection of the target RCT
ARISTOTLE, and iv) background information on atrial fibrillation, treatment for atrial
fibrillation, and key questions on the applicability of ARISTOTLE results to the UK

population with this indication.

Chapter 3 summarises the results of a literature review conducted to assess use of EHRs in

assessing drug effectiveness in prevention of stroke in patients with AF with a focus on the
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methods used and degree to which the studies attempted to emulate and extend an existing

RCT.

Chapter 4 presents a protocol paper outlining the planned methods and analyses for the trial
emulation study published in the BMJ Open (1) including how the trial inclusion and
exclusion criteria were applied, and determination of the benchmarking criteria. The protocol
paper is followed by a more detailed description of the development and selection of methods
used in constructing a trial-analogous cohort, including selection of EHR patients matching

the trial participants, and the method for inclusion of prevalent users.

Chapter 5 is a results paper covering the main effectiveness and safety results in the
emulation of ARISTOTLE in Clinical Practice Research Datalink (CPRD) Aurum study
under final review in May 2024 for publication in PLOS Medicine and additional detail on
the results including the benchmarking and comparison against the RCT results , sensitivity
analyses, and an analysis of results in the new users of apixaban and warfarin that were

eligible for ARISTOTLE (without matching to the trial participants).

Chapter 6 summarises the results in special patient populations that were under-represented in
ARISTOTLE (elderly patients) or excluded from ARISTOTLE (patients with increased

bleeding risk).

Chapter 7 concludes the thesis with a discussion of the findings of the analyses, the strengths

and limitations of the work and ideas for possible future work.
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Chapter 2  Background

This chapter will present:

A brief background to the topic of trial emulation including a description of past

studies and commonly used methods.

- The decision framework and feasibility assessment performed in selecting a
reference trial that could be emulated using UK EHRs

- A background to the therapeutic area of interest for the selected reference trial,
atrial fibrillation.

- A description of the treatments available for stroke prevention in atrial
fibrillation and the pivotal RCTs for these treatments in this indication.

- A summary of the selected reference trial for emulation, ARISTOTLE, which

compared apixaban to warfarin for prevention of stroke or systemic embolism in

patients with atrial fibrillation.

Chapter 1 established the rationale of this PhD, namely the increasing availability of routinely
collected medical data creating an opportunity for looking at effectiveness of treatments in a
‘real world’ setting and the potential for ‘emulation’ of a reference trial to validate methods
used in estimating treatment effectiveness using non-interventional data. These non-
interventional data provide the potential to assess the safety and effectiveness of treatments
without the usual extra administration required in post-marketing or Phase 4 studies;
furthermore the patients prescribed treatments of interest in the routine care setting are likely
to include patients that would not have been eligible to be included in the RCTs for the
treatment or to be from relatively underrepresented demographics. This led to the additional
rationale of the PhD that following the successful emulation of a reference trial, the validated

methods could be used to look at treatment effectiveness in excluded or underrepresented
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patient groups. Analysis of safety was not the focus of this thesis though safety outcomes

analysed by the reference trial can also be assessed during the emulation.

This PhD did not start with a specific reference trial in mind and was instead open to the
possibility of emulating any reference trial using UK EHRs. This meant the first step was
selection of a suitable reference trial to emulate. In order to assess the feasibility of emulation
of a potential reference trial key restrictions come from the limitations of the data available in

the planned data source of UK EHRs.

2.1. Trial Emulation

Whereas target trial emulation is attempting to emulate a hypothetical RCT that does not
exist, reference trial emulation (also called RCT replication or benchmarking, the focus of

this thesis), is trying to emulate an existing RCT.

2.1.1. Target trial emulation

Target trial emulation describes the application of the design and methods used in RCTs to
observational data with the aim of measuring the effect of an intervention imagining a
hypothetical RCT as the target trial, for example looking at the risk of dementia with the use
of proton pump inhibitors (8) or suicide-related events in antipsychotics in post-traumatic
stress disorder patients(9). Hernan et al introduce the idea of emulating a target trial in 2016
(10) noting the numerous advantages of the approach: facilitating the use of causal inference
methods that use counterfactual reasoning, making a link between methods used for
observational studies and RCTs, preventing common biases in observational studies, and
providing estimates that can be more easily compared between different target trial

emulations in contrast to comparing estimates from traditional non-interventional studies..
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The use of the target trial emulation approach helps researchers avoid different sources of
bias, increases the rigour of the study by adopted principles common in RCTs such as
finalising a protocol or statistical analysis plan prior to analyses, and helps standardise the
reporting of the results. Hernan et al (11) described how this framework can avoid immortal

time bias and other biases.

2.1.2. Confounding

A key challenge in emulating a reference trial, and for the area of trial emulation more
generally, is how to remove the effect of confounding from treatment effect estimates.
Confounding is defined as bias in the estimation of the effects of an exposure on an outcome
due to inherent differences in risk between exposed and unexposed individuals (12). In an
RCT, the process of randomisation removes the link between a patient’s baseline condition or
prognosis and the choice of treatment meaning the treatment effect estimates obtained are
unbiased estimates of the average treatment effect (13) (assuming an appropriate estimand
strategy has been employed). Routinely collected healthcare data lacks this randomisation
meaning there is a high likelihood the probability of a treatment being given to a patient
depends on factors such as their baseline characteristics, disease history, or response to past
treatments. This problem can be particularly acute in the situation of newly available
treatments, so-called ‘channelling bias’ (14), where there may be a systematic channelling of
a particular subset of the target population (for example a healthier subset of the patients,
patients that have failed prior treatments, or patients with a more severe disease state) with
the nature of the subset depending on the guidance issued to the prescribers and/or rules from

the payers.

There are a range of methods that can be used in an attempt to deal with the confounding that

results from the lack of randomisation including forms of ‘matching’, inverse probability of
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treatment weighting, and adjusting for the baseline variables in the statistical model of the
outcomes to produce adjusted treatment estimates (15). The baseline variables that should be
considered in these methods depends on the treatment and therapeutic area; prior expert
knowledge can help inform an appropriate choice and the variables displayed in the ‘baseline
characteristics table’ of a published RCT serve as a logical initial list including variables such

as age, sex, disease severity measures, relevant comorbidities, and concomitant medications.

Matching methods involve matching pairs of patients in each treatment arm of interest on
their baseline variables. This can be done via ‘exact matching’ (16) in which subgroups of
patients with identical combinations of covariates are matched (for example identical sex,
disease severity, and age group), or via propensity score matching. The concept of the
propensity score was introduced by Rosenbaum and Rubin(17) and is defined as the
probability of treatment assignment conditional on observed baseline covariates. The
propensity score can be estimated by regressing treatment on the measured baseline
characteristics most commonly by using a logistic regression model. The propensity score
functions as a balancing variable since conditional on the propensity score, the distribution of
measured baseline covariates will be similar between the patients in the different treatment

arms.

The propensity score greatly simplifies the task of matching patients in that patients can be
matched on a single number rather than attempting to simultaneously match on multiple
covariates with different matching algorithms available (18). Through the process of
propensity score matching (PSM) a subset of patients in the cohort of interest is selected
which should be well balanced on all baseline covariates included in the propensity score

model.
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Inverse probability of treatment weighting (IPTW) introduced by Rosenbaum(19) is also
commonly used in trial emulation and involves constructing weights based on the inverse of a
patient’s propensity score. Imagining a hypothetical observational study comparing a new
treatment to a comparator for treatment-resistant depression; if the comparator group had
more patients with a high number of prior treatment failures (predictive of future treatment
success) then these patients could be down-weighted to create a pseudo-population matching
the population of patients on the new treatment thereby allowing valid treatment effects to be
estimated. The method differs from propensity score matching in that instead of dropping
patients that are unmatched from the cohort, all patients are instead kept in the cohort. By
applying the weights a ‘pseudo-population’ is produced which should be well-matched on the

baseline covariates included in the propensity score model.

A key appeal of PSM and IPTW is the avoidance of having to include the baseline covariates
in the modelling of the outcome measure. An alternative method to adjust for confounding is
by including the baseline covariates directly in the statistical model for the outcome of
interest, producing ‘adjusted’ treatment estimates. As the number of baseline covariates to be
included increases the modelling can become complex and treatment estimates less easy to

interpret.

2.1.3. Reference trial emulation

A special case of target trial emulation involves the benchmarking against a real trial, termed
‘reference trial emulation’ or ‘RCT replication’. Benchmarking could also be achieved
without using the target trial emulation framework. Attempting to emulate a reference trial (a
real completed RCT) with publicly available results has the benefit of allowing the researcher
to pre-specify benchmarking (validation) criteria based on the reference trial results. A

potential disadvantage of this approach is that this may bias the researcher into modifying or
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manipulating their analysis to obtain results close to the reference trial results or meeting the
benchmarking criteria. Other researchers (RCT-DUPLICATE) have also attempted to
emulate ongoing reference trials (20) taking advantage of their being blind to results that do
not yet exist to avoid this potential source of bias. The risk for researcher bias can be

mitigated by publishing a protocol or statistical analysis plan in advance of the analysis.

The introduction chapter of the thesis briefly introduced some reasons why the emulation of a
reference trial may be of interest, most importantly to serve as validation of the data sources
and methods in the therapeutic area and help improve and guide future trial emulation work
in the area. Future emulation work may cover emulation of other historical or future reference
trials or emulation of target trials for patient groups or research questions that cannot be

studied in an RCT whether that be for ethical or logistical reasons.

Similar to the early days of RCTs, there are still many unknowns in the best approaches to
use when looking at questions of treatment effectiveness in observational data. As the body
of evidence in this area increases in size we might expect to see methodological advances in
the future with regulatory and funding bodies eventually able to provide more detailed
guidance on recommended methods and design aspects analogous to the level of detail in

guidance available today for RCTs.

The Food and Drug Administration (FDA) framework on real world evidence (RWE)
published in 2018 notes reference trial emulation ‘may provide insight into the opportunities
and limitations of using these designs in regulatory decisions’. Whilst this thesis will focus
on the emulation of one reference trial using UK EHR data, this will play a part in adding to
the body of evidence on the data sources and methods that can help guide improved design of
future trial emulation studies and of how this data can be used to answer questions not

answered by the RCTs.
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The emulation of a reference trial using UK EHRs may help elucidate the question of

generalisability of results from a multi-centred RCT to the UK population.

2.1.4. Past reference trial emulation studies

A literature review on the emulation of reference trials using real world data was performed
by Baptiste in Feb 2023 (21). As part of the review, nine studies (22-31) involving emulation
of a reference trial were identified. This included one study, from RCT-DUPLICATE (22),
which represents a large-scale initiative to emulate multiple reference trials. Additional
studies published since the 2023 review of particular relevance include the emulation of an
antihypertensive trial(32) and further results from the RCT-DUPLICATE initiative (20). The
identified studies emulated reference trials in a range of therapeutic areas, including:
psoriasis, cancer, diabetes, myocardial infarction (MI), chronic obstructive pulmonary disease
(COPD), suicidality, hypertension, atrial fibrillation, osteoporosis, chronic kidney disease

(CKD), heart failure, and asthma treatments.

Most of the identified studies emulated the reference trial using US claims data (including all
RCT-DUPLICATE studies) other than 2 studies that used Swedish registry data, 1 study that
used linked administrative databases from Canada, 1 study that used a UK pharmacovigilance
register of patients, and 2 studies that used UK electronic healthcare records - Wing et al (33)
looking at treatments for COPD emulating the TORCH RCT, and Baptiste et al (32) looking

at antihypertensives emulating the ONTARGET RCT.
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2.1.5. Reference trial emulation methods

The key methodological choice of how to deal with confounding has been described earlier in
this chapter (Section 2.1.2) with most researchers using methods such as exact matching,
PSM, IPTW, or multivariable adjustment of treatment estimates. Existing reference trial
emulation studies employed a mix of the described methods with propensity score matching
being the most commonly used (all of the RCT-DUPLICATE studies) followed by inverse

probability of treatment weighting.

Other study design choices can impact the results obtained though there are approaches
common across all studies, namely the application of the RCT eligibility criteria (the trial
inclusion and exclusion criteria) to the cohort of real world evidence (RWE) patients. By
applying the eligibility criteria, the researcher aims to select the subset of the RWE
population that would have been eligible to participate in the reference trial. Applying the
RCT eligibility criteria alone may not result in a RWE cohort that matches the reference trial
population on baseline covariates; the RCT-DUPLICATE authors noted that important
patient characteristics including age, sex, and comorbidities often differed between their

RWE cohorts and the reference trials (20).

Two studies, the emulation of TORCH by Wing et al (33) and the emulation of ONTARGET
by Baptiste et al (21), included an additional step in the emulation process in which after
applying the trial eligibility criteria they attempted to match the RCT participants on baseline
characteristics. Both studies matched to the RCT participants by propensity score matching
using individual patient data from the target reference trial. This additional step was effective
at selecting an ‘RCT-analogous’ cohort of patients that not only met the trial eligibility
criteria but looked similar to the trial population on key baseline characteristics. Wing et al

results showed that prior to the matching step, the RWE cohort differed to the TORCH
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participants on sex (62% male vs 76% male in TORCH), history of cardiovascular disease
(28% vs 51%), and lung function measured as FEV % of predicted (51.7 vs 44.2); after the
matching step all these baseline characteristics moved closer to the trial participants (76%

male, 46% history of cardiovascular disease, 47.2 lung function) (33).

An additional consideration in the emulation of reference trials is whether to include
prevalent users of the treatments of interest vs restricting the RWE cohort to include new
users only. The design of the reference trial may include prevalent users of a treatment, either
exclusively or a certain proportion of participants. Inclusion of prevalent users in
observational studies is challenging given the risk of introducing selection bias; the majority
of existing reference trial emulation studies to date have restricted the RWE cohort to new
users (for example all 32 of RCT-DUPLICATE studies were in new users (20)) whilst the
Baptiste replication of ONTARGET and the Wing emulation of TORCH did include

prevalent users (21, 25).

2.1.6. Benchmarking/validation of reference trial emulation studies

A key question in the field of reference trial emulation surrounds the comparison of the
results obtained in the real-world cohort with the reference trial results. What criteria should
be used to determine if the results are equivalent and how should any difference obtained be
assessed? In her review Baptiste noted that all studies identified in her search benchmarked
their results against the reference trial results though not all studies pre-specified their
benchmarking criteria (21); the more recently identified studies of the ONTARGET
emulation in CPRD and the RCT-DUPLICATE studies all prespecified benchmarking

criteria.

In a comparison of 32 RCT emulations(34) RCT-DUPLICATE planned 3 binary agreement

measures : (1) ‘full statistical significance agreement’ defined as the RWE study replicating
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both the direction and statistical significance of the RCT results; (ii) ‘estimate agreement’
where a RWE hazard ratio (HR) estimate was within the 95% CI of the RCT estimate; (iii)
hypothesis tests involving calculating the standardised difference between the RCT and RWE
estimates to determine whether the RWE treatment effect estimates were different to the RCT
findings (with P < 0.05 considered statistically significant). The RCT-DUPLICATE authors
also defined a weaker criterion ‘partial significance agreement’ for cases where the RWE
study met the RCT noninferiority criteria but not superiority for replication of non-inferiority

reference trials that demonstrated superiority.

Baptiste notes that all studies identified were able to replicate some of the results (21), the
more recent replication of ONTARGET in CPRD was also able to replicate the RCT results
(21). A study by RCT-DUPLICATE, assessing RCT-RWE concordance of 32 RCTs they had
emulated, found 75% of the studies met the criteria for statistical significance agreement,
66% estimate agreement, and 72% standardised difference agreement (20). A post-hoc
analysis performed by RCT-DUPLICATE looking at only the subset of 16 studies that had
closer emulation of the reference trial found higher rates of successfully matching of the RCT
results (with 94% meeting statistical significance, 88% estimate agreement, and 88%
standardized difference agreement) (20). The RCT-DUPLICATE authors concluded that
“Emulation differences, chance, and residual confounding can contribute to divergence in

results and are difficult to disentangle(20).

A recent publication from RCT-DUPLICATE by Heyard et al (34) performed a meta-analysis
of 32 RCT emulations performed by the group to explore the sources of differences between
RCT and RWE results. In this study 29 RCTs in which the primary outcome was a hazard
ratio were selected with the data sources involving US insurance claims and Medicare data. A

plot of the RWE HRs against the RCT HR was provided with the authors describing how the
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approximately even scattering around the diagonal line showed an absence of systematic bias
unlike other studies in which smaller effect sizes than the RCT tend to be seen in the RWE

termed ‘shrinkage of effect size’(35).

2.1.7. Extensions of previous reference trial emulation studies

Only a few of the reference trial emulation studies extended their analyses to look at
underrepresented or excluded patients groups. The TORCH emulation in patients with COPD
in UK EHR was followed by an extension (25) in which patients that would been ineligible
for the TORCH trial because of age, asthma, comorbidity or mild disease were included in
the analysis. For the outcome of COPD exacerbations Wing found results were broadly
consistent in the excluded patient groups with the exception of those with mild disease, in
which a stronger protective association for FP-SAL compared with salmeterol was observed
(risk ratio 0.56, 95% CI 0.46 to 0.70, vs. TORCH trial risk ratio 0.85, 95% CI 0.74 to 0.97).
This study also detected an increased risk of mortality for FP-SAL vs salmeterol in those with
prior asthma (hazard ratio 1.49, 95% CI 1.21 to 1.85, vs. TORCH trial-analogous HR 0.93,

95% CI 0.64 to 1.32).

Matthews et al emulated the VALIDATE trial comparing bilvalirudin to heparin during
percutaneous coronary intervention for the outcomes of death, myocardial infarction, and
bleeding using Swedish data, before applying the same framework to a target trial using data
from the time period before the VALIDATE trial took place (26). Matthews found similar
results in the target trial and reference trial emulation. In a separate study Matthews
successfully emulated the TASTE trial (thrombus aspiring in ST-elevation myocardial
infarction) using Swedish data before extending the analysis to assess the impact of sex and

age group which found results consistent with the main analyses (27).
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The successful emulation of ONTARGET by Baptiste in UK EHR was followed by exploring
treatment effect heterogeneity of angiotensin converting enzyme inhibitor (ACE1) and
angiotensin II receptor blocker (ARB) in groups under-represented in the reference trial:
female patients, those aged > 75 years and those with CKD (32) which observed similar
treatment effects in all groups. Outcomes in different ethnic groups in England were also
assessed using the same methodological framework (36) with Baptiste detecting no evidence
of treatment effect heterogeneity for the primary outcome, whereas ARBs vs ACEi were
associated with an increased risk of death for cardiovascular-related death in Black patients in
contrast to white patients that saw a lower risk on ARBs vs ACEi. This study also detected

higher absolute risks of angioedema in Black patients.

2.1.8. Previous reference trial emulation studies conclusion

Overall, the majority of the previous reference trial emulation studies were successful with
most finding results consistent with their benchmarking criteria enabling in some cases the
extension of the analysis to answer questions not answered by the reference trial with more
confidence. The largest initiative, RCT-DUPLICATE, has published studies to date that used
US insurance claims data meaning the findings of the initiative may not apply to other
countries and data sources; in this thesis the emulation of a reference trial using UK
electronic healthcare records should help explore the differences in reference trial emulation
between US insurance claims and UK EHR. Most of the past reference trial emulation studies
did not match to the baseline characteristics of the RCT participants or include prevalent

users making these 2 additional areas worth exploring in this thesis.

2.2. Selection of a reference trial

2.2.1. Setting
The primary source of data for this project were UK electronic healthcare records (EHRs). In

the UK, patients attend a General practitioner (GP) for most primary healthcare needs with
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key data such as demographics, symptoms, laboratory results, vital signs, diagnosis,
prescriptions, and attendance at accident and emergency hospital departments recorded
electronically. Several different datasets of UK EHR exist with the sources that were planned

to be used in this project described below.

Data source 1: CPRD Aurum

Clinical Practice Research Database (CPRD) Aurum is a database containing anonymised
data from over 19 million patients with 7.1 million active patients as of September 2018
(13% of the population of England)(37). The data come from GP practices in England using
EMIS software with diagnoses entered using a standardised international coding system
(SNOMED CT). CPRD Aurum contains diagnoses, symptoms, lifestyle factors, prescriptions,
referrals and tests and has been linked to national secondary care databases, deprivation data,
and death registration data. CPRD Aurum is representative of the English population in age

distribution, sex, geographical spread and social deprivation(37).

Data source 2: CPRD Gold

CPRD Gold contains primary care records similar to CPRD Aurum but based on practices
using Vision software. CPRD Gold contains EHRs for over 5 million active patients. CPRD
Gold is representative of the UK population with respect to age, gender and ethnicity(38).

Diagnoses are entered into CPRD using READ codes, a hierarchical coding system!.

Data source 3: THIN
The Health Improvement Network (THIN) contains medical records of 11.1 million patients
(3.7 million active patients) collected from 562 general practices in the UK, covering 6.2% of

the UK population. Overlap of patients in THIN and CPRD Gold is approximately 60% (39).

Data source 4: HES and ONS

' The UK is transitioning to using a standardised international coding system (SNOMED CT) in place of READ.
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Information from the Hospital Episodes Statistics (HES) database was planned to be used to
improve detection of the outcome events. A subset of CPRD Aurum and Gold contributing
practices in England have patient records linked to HES, an administrative data source that
contains patient demographic and diagnostic information, coded using the World Health
Organisation International Classification of Diseases, 10th Revision (ICD-10) coding
system, for every NHS hospital admission in England. All CPRD Aurum practices have been
linked to HES whereas only a subset of CPRD Gold (56%) contributing practices have been
linked to HES. CPRD records can also be linked to Office of National Statistics (ONS)
mortality records, which provide information on cause of death for patients who die

following a hospital referral (also coded using ICD-10).

Data source 5: RCT individual patient data requested via clinicalstudydatarequest.com
and individual pharmaceutical/biotechnology company request portals

The website clinicalstudydatarequest.com(40) provides a database that can be used to identify
RCTs that have made individual patient data available to researchers, typically following
submission and approval of a research protocol. The list of RCTs on the
clinicalstudydatarequest.com website was used as a starting list to guide the choice of
reference trial for emulation followed by also checking the availability of patient data from

pharmaceutical company websites.

The UK EHR data sources provide a wealth of patient data including detailed demographics,
diagnoses, symptoms, regular lab results and vital signs, GP prescriptions, and certain
outcomes and medical history from hospital data. The key data that were lacking from the
UK EHR data at the time of selecting the reference trial to emulate were the prescriptions
issued in secondary care, and other data relating to secondary care that may not be integrated

into the patient’s primary care EHR such as scan results, specialist test results, extra
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information on diagnoses such as disease subtype, and genotyping of diseases. In considering
feasibility it was therefore important to consider for each disease or condition and associated
treatments of interest, whether it was a condition treated by GPs and whether the treatment

can be prescribed by GPs.

Starting with this restriction (the reference trial must involve treatments prescribed by GPs)
other criteria were added by considering the necessary data for emulation of a reference trial

to be feasible.

2.2.2. Criteria for selection of a reference trial
The first key step of the project was selection of a suitable RCT which could be emulated
within UK EHR data. For the RCT to be feasible it needed to have the following properties:

Table 2.1 RCT selection criteria

Criteria Condition

1 RCT with published protocol and results, relevant to current UK practice (ie
involving treatments currently recommended by NICE)

2 Prescription data available in UK EHRs (ie RCT includes only treatment(s)
commonly prescribed by GPs)

3 Sample size — sufficient number of patients prescribed the active drug and any
comparator(s) used in the RCT (number of patients prescribed the drug >
number of patients randomised to the drug in the RCT)

4 Disease diagnosis (indication for the treatment) well recorded in EHRs

5 RCT outcomes well recorded in EHRs and/or linked HES and ONS mortality
data

6 Subpopulations of interest prescribed the drug present in routine care who were

excluded from or underrepresented in the RCT

EHR=electronic healthcare record; GP=General practitioner; HES=Hospital Episode Statistics; NICE= National
Institute for Health and Care Excellence; ONS=Office for National Statistics; RCT=randomised controlled trial;

UK=United Kingdom.

The Clinical Study Data Request database of RCTs (40) which had been marked as having
data available for access by researchers was used as a starting point for consideration and the
RCTs were systematically considered after grouping by therapeutic area and further by

disease and drug. At this stage no decision had been made about a suitable
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disease/therapeutic area; the following list of therapeutic areas were considered (examples of

indications in parentheses):

- Neurology (epilepsy, multiple sclerosis)

- Psychiatry (depression, schizophrenia, anxiety)

- Oncology

- Diabetes

- Cardiovascular (statins, antihypertensives, oral anticoagulants, antiplatelets)

- Infectious diseases (antibiotics, vaccines, antivirals)

- Other (autoimmune conditions such as inflammatory bowel conditions, asthma,

arthritis)

Many RCTs were ruled out on account of the treatments under study not being prescribed by
a GP, such as chemotherapy and other treatments for cancer and biologic treatment for

autoimmune and neurology conditions.

Some disease areas failed on criteria 4 requiring accurate diagnosis be captured in the EHRSs,
for example whilst epilepsy has treatments commonly prescribed by GPs after initiation by a
neurologist, the type of epilepsy (both underlying cause and type of seizure) is a key selection

criterion for epilepsy RCTs and was found to be not well recorded in EHRs.

Some common conditions such as depression have treatments prescribed by GPs and have a
high number of patients exposed in EHRs (ie meeting conditions 1 through 4) but were not
likely to have trial outcomes well recorded in EHRs given that the most commonly used
primary outcomes in RCTs involved subjective depression symptom scales recorded at
protocol-specified timepoints. In the UK EHRs it was judged unlikely for measures such as
depression severity to be recorded at consistent timepoints post-treatment initiation for

different patients due to the nature of non-interventional data collection; this would lead to
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problems with missing data in any EHR cohort. Furthermore, the reason for a GP performing
a questionnaire or recording a symptom would possibly be related to the disease severity or a
change in symptoms causing problems in modelling data and making comparisons across

patients.

More generally, RCTs involving longitudinal data typically employ different estimand (‘what
is to be estimated’) strategies to estimate the treatment effect under different assumptions
focused on the modelling techniques and/or imputation of data observed after an intercurrent
event. Whilst certain intercurrent events would be expected to be well-recorded in EHRs (for
example switching treatment and hospitalisation should be captured) the volume of missing
data when compared with RCT scheduled timepoints and probable lack of independence
between data being recorded and the underlying patient condition meant the risk of obtaining
unreliable or biased treatment estimates in such an RCT replication was judged to be too
high. In contrast ‘hard’ endpoints captured as a distinct clinical event are easier to emulate
with EHRs since there is a much lower risk of missing data and in the case of time-to-event
endpoints, the RCT estimand strategy is more likely to have a natural translation to differing

censoring strategies in the EHR setting.

After applying the 6 conditions listed above the strongest candidates were RCTs involving
relatively common conditions such as diabetes, hypertension, and atrial fibrillation which are
commonly managed by GPs, have diagnosis well recorded, have ‘hard’ outcomes (such as
stroke, cardiovascular events, and death) well recorded, and have subpopulations of interest

prescribed the treatments in routine care.

At the time of the feasibility assessment, many RCTs into directly-acting oral anticoagulants
(DOAC:S) for prevention of stroke in patients with atrial fibrillation and additional stroke risk

factors had recently been published and had trial data available. Apixaban was selected for
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investigation as a suitable RCT to replicate given it was a treatment recommended by
National Institute for Health and Care Excellence (NICE) (41) and with a trend over time of

increasing prescriptions (Figure 2.1).

The pivotal RCT of apixaban for stroke prevention in AF was ‘The Apixaban for Reduction
in Stroke and Other Thromboembolic Events in Atrial Fibrillation’ (ARISTOTLE)(42),
which was designed for non-inferiority and demonstrated superiority of apixaban compared
with warfarin in preventing stroke and systemic embolism (SE) in patients with nonvalvular
AF and at least one risk factor for stroke. In ARISTOTLE apixaban was also shown to be
superior to warfarin in all-cause mortality and the key safety outcome of major bleeding.

Further detail on ARISTOTLE is given in section 2.5.
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Figure 2.1 Monthly prescribing of oral anticoagulants January 2013 to May 2018
Source: OpenPrescribing.net, EBM DatalLab, University of Oxford, 2018

Note: prescriptions are for all indications combined (atrial fibrillation, deep vein thrombosis, post-operative
prophylactic use etc).
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Having provisionally selected ARISTOTLE as the reference trial the next steps of feasibility
assessment were:

1) to assess the study protocol and results in more detail and

i1) estimate the available sample size in the UK EHR by application of the trial eligibility

criteria to a January 2018 extract of CPRD Gold patients prescribed apixaban.

2.2.3. Feasibility of emulating the ARISTOTLE trial

2.2.3.1. Mapping of ARISTOLE inclusion and exclusion criteria
ARISTOTLE inclusion and exclusion criteria were extracted from the trial protocol and
considered in detail to determine if they were suitable for the reference trial emulation.
Further detail on the application of the ARISTOTLE eligibility criteria are given in Chapter
4. Most of the criteria were deemed suitable to be applied to CPRD with Read code and

medication codelists created for these criteria (codelists presented in the Appendix).

2.2.3.2. Results of feasibility analysis - application of ARISTOTLE
trial criteria to CPRD Gold patients

The selected criteria were applied to a January 2018 extract of CPRD Gold patients
prescribed apixaban or warfarin in the period 01 January 2013 to 31 January 2018 to
determine the feasibility of emulating ARISTOTLE as a reference trial in UK EHRs. Figure
2.2 shows the number of patients excluded by each criterion. Overall, out of 13 332 patients
with a prescription for apixaban and diagnosis of AF 63% (8 407) were trial-eligible, and of
68 113 patients with a prescription for warfarin in the study period and diagnosis of AF

62.3% (45 435) were trial eligible (Figure 2.2).
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a b

13 332 patients with Rx for apixaban and diagnosis of AF | 68 113 patientswith Rx for warfarin and diagnosis of AF
_.| 1 patientaged < 18 years | —>i 9 patientsaged <18 years |
—>| 1359 did not have at least 1 risk factor for stroke | —>| 5634 did not have at least 1 risk factor for stroke |
11 972 patients metall the inclusion criteria | 62 470 patients metall the inclusion criteria
3 565 patients excluded by exclusion criteria: 17 035 patients excluded by exclusion criteria:
443 AF duetoreversible causes 2505 AFdueto reversible causes
327 clinically significant mitral stenosis 2 718 clinically significant mitral stenosis
909 increased bleedingrisk 4396 increased bleedingrisk
7 other condition requiring chronicanticoagulation 124 other condition requiring chronicanticoagulation
27 persistentuncontrolled hypertension 142 persistentuncontrolled hypertension
28 activeinfectiveendocarditis 290 active infectiveendocarditis
53 requiring treatment with aspirin >165 mg/day 1522 requiring treatment with aspirin >165 mg/day
o 271 simultaneoustreatment with aspirin and a thienopyridine »| 777 simultaneoustreatment with aspirin and a thienopyridine
1134 severe comorbid condition with life expectancy 3854 severe comorbid condition with life expectancy
<1 year or reasons making participation impractical <1 year or reasons making participation impractical
545 activealcohol ordrug abuse 1861 activealcohol ordrug abuse
164 recentischemicstroke (within7days) 131 recentischemicstroke (within 7days)
109 severerenalinsufficiency o 689 severe renal insufficiency
129 ALT or AST > 2X ULN or Total Bilirubin 21.5X ULN 684 ALT or AST > 2X ULN or Total Bilirubin = 1.5X ULN
:; zl:;e;:}:gi‘:‘“:;;/ogimol mm3 198 Plateletcount<100,000/ mms3
219 Hemoglobin<9 g/dL

2 Women whoare pregnant or breastfeeding 28 Women who are pregnant or breastfeeding

| 8407 patie::ts ARISTOTLE-eligible | | * |

45 435 patients ARISTOTLE-eligible

Figure 2.2 Estimate of number of CPRD Gold patients with a prescription for a) apixaban and b) warfarin meeting eligibility criteria

for ARISTOTLE
Note: ARISTOTLE eligibility criteria were applied to patients with a prescription for apixaban or warfarin in the study period 01 January 2013 to 31 January 2018.
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2.2.3.3. Feasibility calculations

In ARISTOTLE there were 9120 subjects in the apixaban arm therefore it was estimated a
minimum of 15,000 EHR patients were needed for matching to be feasible. It was considered
unlikely there would be enough patients in CPRD Gold for the project given that only ~8400
patients were eligible in the January 2018 extract. Estimates of number of patients with a
prescription of apixaban and diagnosis of AF were obtained from the THIN database and
CPRD Aurum providers. These numbers were combined making an allowance for duplicate
patients between databases to estimate the number of unique trial-eligible EHR apixaban
patients (Table 2.2). The calculations demonstrated that the objective of emulating
ARISTOTLE using UK EHRs was feasible.

Table 2.2 Estimated number of unique UK EHR patients with exposure to apixaban
eligible for ARISTOTLE using 2018 extract

Patients with AF and a Crossover with pljggrlltt):iroi:l E}?g:lze:r;fl
prescription for apixaban CPRD Gold (%) eligible eligible patients
CPRD Gold 13 331 NA 8 407 8407
THIN 16 446 TBC est. 10 000 est. 5 000
CPRD Aurum 5318 (1 758 in Gold) 33% est. 3 350 est. 2 200
TOTAL est. min 15 000

est.=estimated; min=minimum; NA= not applicable; TBC=to be confirmed.
Number of patients trial eligible estimated assuming 63% of patients with AF and prescription for apixaban
eligible for ARISTOTLE based on results of application of criteria to CPRD GOLD.

In order to gain an understanding of the reference trial, a background to atrial fibrillation,

treatments for atrial fibrillation, and the pivotal RCTs in this area are given below.

2.3. Atrial Fibrillation

Atrial fibrillation (AF) is a heart condition that causes a patient’s heart to beat abnormally.
Electrical impulses control the movement of the atria (top two chambers) in the heart; in a
healthy heart these impulses are regular whereas in atrial fibrillation there are periods of
chaotic electrical impulses causing quivering or ‘fibrillation’ of the atria. Atrial fibrillation is

thought to be caused by damage to cardiac tissue or electrical signalling; this damage can be
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caused by ageing and/or by common conditions such as infection, high blood pressure,

diabetes, and coronary heart disease.

Patients with atrial fibrillation often experience no symptoms, whereas in some cases AF can
be felt by the patient as heart palpitations in which they experience a racing heart or fluttering
sensation, or the patient may experience symptoms such as dizziness, breathlessness or chest

pain (43).

Diagnosis of AF is typically made via 12-lead electrocardiogram (ECG) or for patients
presenting with suspected paroxysmal AF, 24-hour or longer time period ambulatory (Holter)

ECG monitoring may be needed to capture an episode of AF (44).

2.3.1. Epidemiology of atrial fibrillation

AF is the most common sustained cardiac arrhythmia with an estimated prevalence of 1.4
million people in England (2016) representing 2.5% of the overall population of England
(45). The Framingham heart study estimated the lifetime risk of developing AF to be 26.0%
(95% CI 24.0%, 27.0%) for men aged 40, and 23.0% (95% CI 21.0%, 24.0%) for women

aged 40 (46).

A trend of increasing age-adjusted prevalence of atrial fibrillation was seen in the
Framingham study(47) with the authors suggesting the changes may be linked to improved
detection of AF and an increased prevalence of the risk factors of obesity and diabetes in

more recent time periods.

2.3.1.1. Risk factors for atrial fibrillation
The most important risk factor for the development of AF is advanced age, with the analysis
of the Framingham cohort by Schnabel et al(47) showing that, compared with those aged 50-

59, patients aged 80-89 had 9 times the risk of AF, and those aged 70-79 had 7 times the risk
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of AF. The Framingham study also showed male sex, obesity, treatment for hypertension, left
ventricular hypertrophy, significant heart murmur, and myocardial infarction to be associated
with higher risk of AF (Table 2.3) (47). Additional risk factors associated with AF, from
studies summarised by Gahungu et al(44) and presented in Table 2.3, include valvular heart
disease associated with approximately double the risk (48), obstructive sleep apnea with 2 to
3 times increased risk (49), severe chronic obstructive pulmonary disease (COPD) (50), and

CKD (51).

Hypertension treatment is an important modifiable risk factor for the development of AF (52,
53). Changes to the left atrium, known as left atrial remodelling, are seen in patients with
hypertension and in conditions such as heart failure, diabetes, and obesity; this remodelling
appears to be “a crucial substrate for atrial fibrillation and stroke* (54). Excessive alcohol
exposure appears to increase the risk of AF (55) with alcohol known to have effects on the

electrical activity of the heart and to also increase the risk of hypertension.
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Table 2.3 Risk factors for atrial fibrillation

Risk factor Statistic Association with AF
Age (years) (47) HR (95% CI)

50-59 1.00 (ref)

60-69 4.98 (3.49, 7.10)

70-79 7.35(5.28, 10.2)

80-89 9.33 (6.68, 13.0)
Male vs female sex (47) HR (95% CI) 1.49 (1.23, 1.80)
Body mass index (47) HR (95% CI)

Normal (<25 kg/m?) 1.00 (ref)

Overweight (25-30 kg/m?) 1.13 (0.87, 1.46)

Obese (=31 kg/m?) 1.37 (1.05, 1.78)
Hypertension treatment (47) HR (95% CI) 1.32 (1.08, 1.60)
Diabetes (47) HR (95% CI) 1.25 (0.98, 1.60)
Left ventricular hypertrophy HR (95% CI) 2.50 (1.21, 3.83)
on ECG (47)
Significant heart murmur (47) HR (95% CI) 1.58 (1.09, 2.29)
Heart failure (47) HR (95% CI) 1.43 (0.85, 2.40)
Myocardial infarction(47) HR (95% CI) 1.46 (1.07, 1.98)
Alcohol (55) RR (95% CI)

Non-drinker 1.00 (ref)

>0 to 2 drinks/day 1.00 (0.92, 1.09)

>2 to 3 drinks/day 1.11 (0.98, 1.25)

>3 to 4 drinks/day 1.22 (1.02, 1.46)

>4 drinks/day 1.50 (1.22, 1.85)
Valvular heart disease (48) RR (95% CI) 2.42 (1.62-3.60)
Obstructive sleep apnoea (49) HR (95% CI)

None (AHI <5) 1.00 (ref)

Mild (AHI 5-14.9) 2.12 (1.12, 2.80)

Moderate (AHI 15-29.9) 2.66 (1.98, 3.57)

Severe (AHI >30) 3.31(2.53,4.35)
COPD (50) RR (95% CI)

FEV1 >80% 1.00 (ref)

FEV; 60-80% 1.28 (0.79, 2.06)

FEV, <60% 2.53 (1.45,4.42)
Chronic Kidney Disease (51) OR (95% CI)

None 1.00 (ref)

Stage 1-2 2.67 (2.04, 3.48)

Stage 3 1.68 (1.26, 2.24)

Stage 4-5 3.52(1.73,7.15)

AF = atrial fibrillation; AHI = apnea-hypopnea index; CI = confidence interval; COPD = chronic obstructive
pulmonary disorder; ECG = electrocardiogram; HR = hazard ratio; OR = odds ratio; RR = rate ratio;

Source: Summary table presented by Gahungu et al(44) summarising results from 5 studies.

(47) Hazard ratios age-adjusted and sex-adjusted for AF with onset 1998-2007 from Framingham Heart Study
[Schnabel et al. 50 year trends in atrial fibrillation prevalence, incidence, risk factors, and mortality in the
Framingham Heart Study: a cohort study] (48) Risk ratio from Psaty et al.; (49) Hazard ratio from Cadby et al.;
(50) Risk ratio from Buch et al.; (51) Odds ratio from Baber et al.

The increasing size of older age groups in countries such as the UK along with a trend of

increasing obesity and diseases associated with obesity such as diabetes means the burden of
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atrial fibrillation is expected to increase further over time (in the absence of any other

changes).

2.3.2. Stroke risk in atrial fibrillation
The abnormal heart rhythm characteristic of AF is not in itself life-threatening, however, AF
greatly increases the risk of blood clots forming in the heart which can travel to other areas of

the body causing serious outcomes such as stroke and systemic embolism.

A review by Watson et al (56) provides a summary of the current understanding of the cause
of the higher risk of formation of thrombi in AF. In this review the authors note that the
formation of thrombi within the heart with AF is thought to be linked to the abnormal rhythm
itself causing changes in blood flow leading to stasis, changes in the size of the left atrial
appendage, dilation of the left atria, changes in the extracellular matrix and endothelial

damage, and changes in platelets and other blood factors associated with coagulation.

Patients with AF have a five-fold increased risk of stroke compared with people without AF
(57) and around a quarter of all strokes are attributed to this arrhythmia (58). In addition,
increased levels of mortality, morbidity and disability with longer hospital stays are observed

in stroke patients with AF compared with stroke patients without AF (59, 60).

The risk of stroke in patients with AF is also influenced by their age, sex, and other
comorbidities that are known stroke risk factors such as hypertension and diabetes. Various
stroke risk factor scoring systems have been in use over time; CHADS: proposed by Gage et
al in 2001(61) was the stroke risk scoring system used in ARISTOTLE and is described in

more detail in the methods section in chapter 4.

In 2010 a new stroke risk score, CHA2DS,>-VASc, was derived by Lip et al (62) that had

superior performance at discriminating between different levels of risk leading to its adoption
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as the recommended stroke risk scoring system by the European Society of Cardiology
guidelines for the management of AF in 2012a. The CHA2DS>-VASc scoring system is

presented in Table 2.4.

Table 2.4 CHA2DS:-VASc stroke risk scoring system

Component Points
C | Congestive heart failure or left ventricular systolic dysfunction 1
H | Hypertension 1
Az | Age > 75 years 2
D | Diabetes mellitus 1
S: | Prior Stroke, TIA, or thromboembolism 2
V | Vascular disease 1
A | Age 65-74 years 1
Sc | Sex category female 1

TIA = transient ischemic attack. Hypertension defined as resting blood pressure > 140/90 mmHg on at
least 2 occasions or requiring antihypertensive medication. Vascular disease includes prior myocardial

infarction, peripheral artery disease, or aortic plaque.

The CHA2DS»-VASc score is calculated by summing the points for the different components

resulting in a total score ranging from 0 to 9. The score can be used to predict the patient’s

annual stroke risk with a higher score corresponding to a higher stroke risk (Appendix 1).

CHA»DS»-VASc is specified in the NICE guidance to be used to determine whether a patient

should be offered anticoagulation for stroke prevention:

- Women with CHA,DS,-VASc score > 2
- Men with CHA»DS>-VASc score > 1
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2.4. Treatment of atrial fibrillation

The NICE guidance on diagnosis and management of atrial fibrillation (published 27 April
2021 and last updated 30 June 2021) makes recommendations on the diagnosis and treatment
pathway for patients with suspected atrial fibrillation in England and Wales. This pathway is
described in detail in the Appendix and a brief textual summary of this pathway given below.
Therapies for atrial fibrillation target two key areas — 1) stroke prevention, and ii) rate and

rhythm control.

2.4.1. Stroke prevention in atrial fibrillation

A key aspect of treatment for atrial fibrillation focuses on reducing the risk of stroke. When
deciding whether to offer oral anticoagulant (OAC) therapy to a patient it is also necessary to
consider the risk of bleeding. NICE recommends use of the ORBIT tool (63), to estimate a

patient’s risk of bleeding (Appendix 1).

Bleeding risk is an important consideration when deciding whether to offer a patient with AF
anticoagulation therapy for stroke prophylaxis given that major bleeds in themselves are a
major source of morbidity and mortality. Among the most serious major bleeding events is
intracranial haemorrhage (ICH), with patients on vitamin k antagonist (VKA) oral
anticoagulants found to have an absolute risk of ICH of approximate 1% per year, a risk 7- to
10- times higher compared to nonanticoagulated patients (64). Approximately 60% of

intracranial haemorrhages are fatal (64).

Oral anticoagulants have been in use for the prevention of stroke in patients with atrial
fibrillation since warfarin was approved by the FDA in 1954. Whereas antiplatelet drugs such
as aspirin work by inhibiting platelet aggregation, the anticoagulant class of drugs have a

mechanism of action that involves blocking pathways in the coagulation cascade. Multiple
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pathways are involved in the coagulation cascade with different anticoagulants working by

blocking different pathways as shown in Figure 2.3 from Paulus E et al (65).

Intrinsic Pathway Extrinsic Pathway
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Figure 2.3 Effects of multiple anticoagulant medications on the coagulation cascade
from Paulus E., et al. Anticoagulation Therapy Considerations in Factor VII Deficiency. Dec 2016
Drug Safety - Case Reports 3(1). doi:10.1007/s40800-016-0031-y. License CC BY-NC 4.0 (65)

2.4.1.1. Vitamin K antagonists

The class of vitamin K antagonists reduce clotting by blocking an enzyme (vitamin K
epoxide reductase) involved in the reactivation of vitamin K1; vitamin K1 is required for the
action of several coagulation factors (II, VII, IX, and X) (66). Warfarin is the most commonly
used VKA in the UK though other vitamin K antagonists such as acenocoumarol,
phenindione, and phenprocoumon are available with some more commonly used in other

countries.

A meta-analysis including 29 RCTs looking at the efficacy of warfarin and antiplatelet agent
by Hart et al (67) showed that compared to control (no treatment), warfarin reduces the risk

of stroke by 64% (95% CI, 49% to 74%).
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When warfarin therapy is initiated there is a delay of several days for full antithrombotic
effects to occur following the warfarin-mediated reduction in factor II; in addition, there is
temporarily an increased risk of thrombogenesis due to warfarin causing a decline in protein

C (a protein with anticoagulant effects) levels and activity in the first few days post-initiation.

Warfarin and other VKA therapy is monitored regularly by measuring a patient’s
international normalised ratio (INR). INR is a standardised measure of how long it takes the
blood to clot:

— PT; ISI
INR = (PTC)

Where

PT;= the prothrombin time (seconds) of the patient

PT. = the prothrombin time (seconds) of a standard sample used in the laboratory analysing
the patient’s sample

ISI = International Sensitivity Index, a measure of the sensitivity of the tissue factor used to

analyse PT; and PT. typically in the range of 0.9-1.7.

Therapy with vitamin k antagonists typically aims to raise a patient’s INR to fall within the
therapeutic range [2, 3] in which the risk of both ischemic and bleeding events are minimised.
As the INR falls below 2 the risk of ischemic events increases and at values above 3 the risk

of bleeding rises.

On initiation of VKA therapy, INR is checked daily until in therapeutic range, then 3 times
weekly for 2 weeks, then less often, according to the stability of the results. A measure to
estimate a patient’s INR control over time is the time in therapeutic range (TTR); different
methods for estimation of TTR exist with 2 of the most commonly used being: 1) a simple
proportion of INR readings within the optimal range for a given time frame and 2)
Rosendaal’s method using linear interpolation between INR readings to estimate the

proportion of days a patient’s INR has been within optimal range.
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Warfarin and the other VKAs were renowned for having many treatment interactions and
needing frequent monitoring and dose adjustments to stay within the therapeutic range of
anticoagulant action as summarised by Hirsh et al(68): Warfarin has interactions with a wide
range of drugs such as metronidazole which inhibits warfarin clearance, barbiturates and
carbamazepine which increase hepatic warfarin, and aspirin which increases the risk of
bleeding. Diet also interacts with response to warfarin with increased intake of vitamin K
(present in green vegetables) leading to a reduction in the anticoagulant response to warfarin.
Genetics influences the warfarin dose-response relationship most notably in common

mutations in coding for cytochrome P450.

Given the challenge in maintaining INR in therapeutic range and the complex safety profile
of warfarin it was hoped that the introduction of DOACs would provide a safer and easier to

manage long term anticoagulation therapy for AF patients.

2.4.1.2. Direct-acting oral anticoagulants
The direct-acting oral anticoagulants (DOACs) consist of 5 drugs:

- Dabigatran, approved in the UK in 2008

- Rivaroxaban, approved in the UK in 2008
- Apixaban, approved in the UK in 2011

- Edoxaban, approved in the UK in 2015

The DOAC:s are indicated for a number of conditions including the prevention and treatment
of deep vein thrombosis, pulmonary embolism, and prevention of stroke in Non-valvular
atrial fibrillation (NVAF). DOACs have many advantages over VKA, most noticeably that
they do not require frequent monitoring of INR and personalised dose-adjustments. The
DOAC:S also benefit from a faster onset of action and fewer food and drug interactions

compared with VKA (69).
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2.4.1.3.

RCTs in Direct-acting oral anticoagulants in AF

Results from the pivotal RCTs that informed the NICE guidance on oral anticoagulation in

AF are summarised in Table 2.5.

Table 2.5 Summary of RCTs in DOAC:s vs warfarin for stroke prevention in non-
valvular atrial fibrillation

Trial Details
RE-LY (dabigatran vs | NI margin: 1.46 with one-sided alpha level of 0.025.
warfarin)(70)

Patients enrolled: Dec
2005 — Dec 2007
LPLV: Mar 2009

Results published
NEJIM Sep 17 2009

Inclusion: AF and (previous stroke or TIA or LVEF < 40% in last 6 months,
symptomatic heart failure, age > 75 years or age 65 to 74 years plus [diabetes
mellitus or hypertension, or coronary artery disease])

Key exclusion: severe heart-valve disorder, stroke within 14 days or severe stroke
within 6 months, increased risk of haemorrhage, creatinine clearance < 30 ml/min,
active liver disease

Blinded independent central adjudication of outcomes.
Patients recruited from 951 sites in 44 countries.

Randomised to dabigatran 150 mg twice daily, dabigatran 110 mg twice daily, or
adjusted-dose warfarin. Dabigatran blinded, warfarin open-label.

18,113 patients: 6076 high-dose dabigatran, 6015 low-dose dabigatran, 6022
warfarin.
Median age 72, 36.4% female, mean CHADS: 2.1, 49.6% prior VKA use

Median duration of follow-up 2.0 years.
TTR in warfarin arm mean 64%.

Results for high dose dabigatran vs warfarin, event rates and HR (CI)
*Stroke/SE ITT 1.11%/yr 1.69%/yr 0.66 (0.53, 0.82)

Ischemic stroke 0.92%/yr 1.20%/yr 0.76 (0.56, 0.89)

Haemorrhagic stroke 0.10%/yr 0.38%/yr 0.26 (0.14, 0.49)

All-cause death 3.64%/yr 4.13%/yr 0.88 (0.77, 1.00)

Major bleeding 3.11%/yr 3.36%/yr 0.93 (0.81, 1.07)

ICH 0.30 0.74 0.40 (0.27, 0.60)

ROCKET-AF
(rivaroxaban vs
warfarin)(71)

Patients enrolled: Dec
2006 — Jun 2009
LPLV: May 2010

Results published
NEJM Sep 8 2011

NI margin: 1.46 with a one-sided alpha level of 0.025.

Inclusion: nonvalvular AF and CHADS; score > 2.

(history of stroke/TTA/SE or 2+ of the following risk factors: heart failure or a
LVEEF of 35% or less, hypertension, age > 75 years, diabetes mellitus

Only 10% per region allowed to have [no prior stroke/SE/TIA or up to 2 other risk
factors], remainder to have prior stroke/SE/TIA or > 3 risk factors

14,264 patients: 7131 rivaroxaban, 7133 warfarin.
Median age 73, 39.7% female, mean CHADS: 3.5, 62.4% prior VKA use

Median duration of follow-up 1.9 years.
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Trial

Details

TTR in warfarin arm mean 55%.

Results for rivaroxaban vs warfarin, event rates and HR (CI)
*Stroke/SE PP 1.7%/yr 2.2%/yr 0.79 (0.66, 0.96) NI, +superior
Stroke/SE ITT 2.1%/yr 2.4%/yr 0.88 (0.75, 1.03) NI

Stroke/SE on-treatment 1.7%/yr 2.2%/yr 0.79 (0.66, 0.96)
Ischemic stroke 2.11%/yr 2.27%/yr 0.94 (0.75, 1.17)
Haemorrhagic stroke 0.41%/yr 0.71%/yr 0.59 (0.37, 0.93)
All-cause death PP 1.9%/yr 2.2%/yr 0.85 (0.70, 1.02)
All-cause death ITT 4.5%/yr 4.9%/yr 0.92 (0.82, 1.03)

Major bleeding 5.6%/yr 5.4%/yr 1.04 (0.90, 1.20)

ICH 0.5 0.7 0.67 (0.47, 0.93)

ARISTOTLE
(apixaban vs
warfarin)(42)

Patients enrolled from
Dec 2006 — Apr 2010

Results published
NEJM Sep 152011

NI margin for 2-sided CIs: upper 99% CI < 1.44, upper 95% CI < 1.38 (depending
on regulator)

Inclusion: AF and at least one of risk factor for stroke (age of at least 75 years;
previous stroke, TIA, or SE; symptomatic heart failure within previous 3 months or
LVEF <=40%; diabetes mellitus; or hypertension requiring pharmacologic
treatment.

Key exclusion criteria: AF due to a reversible cause, moderate or severe mitral
stenosis, conditions other than AF that required anticoagulation (e.g. prosthetic
heart valve), stroke within previous 7 days, concomitant aspirin >165 mg a day or
both aspirin and clopidogrel, severe renal insufficiency (serum creatinine >2.5
mg/dL or creatinine clearance <25 m/min)

Recruited 18,201 patients at 1034 clinical sites in 39 countries

18,201 patients: 9120 apixaban, 9081 warfarin.
Median age 70, 35.3% female, mean CHADS: 2.1, 57.1% prior VKA use

Median duration of follow-up 1.8 years.
TTR in warfarin arm mean 62.2%, median 66%

Results for apixaban vs warfarin, event rates and HR (95% CI)
*Stroke/SE ITT 1.27%/yr 1.60%/yr 079 (0.66, 0.95)

Ischemic stroke 0.97%/yr 1.05%/yr 0.92 (0.74, 1.13)
Haemorrhagic stroke 0.24%/yr 0.47%/yr 0.51 (0.35, 0.75)
All-cause death 3.52%/yr 3.94%/yr 0.89 (0.80, 0.998)

Major bleeding 2.13%/yr 3.09%/yr 0.69 (0.60, 0.80)

ENGAGE AF-TIMI 48
(edoxaban vs warfarin)
(72)

Patients enrolled from
Nov 2008 to Nov 2010

Results published
NEJM Nov 28 2013

NI margin: upper boundary of one-sided 97.5% CI <1.38.

Inclusion: AF, CHADS: score > 2, age >21 years.

Key exclusion: reversible cause of AF, creatinine clearance < 30 ml /min; high
bleeding risk; use of dual antiplatelet therapy; moderate-to-severe mitral stenosis;
other indications for anticoagulation; acute coronary syndromes, coronary
revascularization, stroke within 30 days prior; inability to adhere to study
procedures

Randomised to warfarin, 60mg or 30mg edoxaban (edoxaban dose halved in both
arms if creatinine clearance of 30-50 ml/min, weight <=60 kg, or concomitant use
of verapamil, quinidine, or dronedarone).
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Trial Details

Randomisation stratified by: CHADS: score [2 or 3] vs [4, 5, or 6], and need for
reduced edoxaban dose.

21,105 patients: 7035 high-dose edoxaban, 7034 low-dose edoxaban, 7036
warfarin.

Median age 72, 38.1% female, mean CHADS: 2.8, prior VKA use 58.9%

Median duration of follow-up 2.8 years

TTR in warfarin arm median 68.4% (IQR, 56.5 to 77.4), mean (£SD) 64.9+18.7%

Results for high-dose edoxaban vs warfarin, event rates (%/year) and HR (95% CI)
*Stroke/SE mITT 1.18%/yr 1.50%/yr 0.79 (0.63, 0.99)

Stroke/SE ITT 1.57%/yr 1.80%/yr 0.87 (0.73, 1.04)

Stroke/SE on-treatment 1.18%/yr 1.50%/yr 0.79 (0.63, 0.99)

Ischemic stroke 1.25%/yr 1.25%/yr 1.00 (0.83, 1.19)

Haemorrhagic stroke 0.26%/yr 0.47%/yr 0.54 (0.38, 0.77)

All-cause death 3.99%/yr 4.35%/yr 0.92 (0.83, 1.01)

Major bleeding 2.75%/yr 3.43%/yr 0.80 (0.71, 0.91)

AF=atrial fibrillation; IQR=interquartile range; ITT=intent-to-treat; LVEF=Ieft ventricular ejection fraction;
mITT=modified intent-to-treat, in ENGAGE AF-TIMI 48 this was randomised patients that received at least o
dose of study drug; SE=systemic embolism; TIA=transient ischemic attack; TTR=time in therapeutic range

nc

The design of RE-LY was criticised, specifically the lack of blinding in the warfarin arm was

thought to have caused ’differential treatment of patients during the study period’ (FDA
review (73)). The FDA review also noted a trend towards increased mortality in the patients
on warfarin in sites with inferior INR control whereas in sites with TTR > 67% there was
increased risk of death in dabigatran compared with warfarin(73). The high rate of
intracranial haemorrhage observed in the warfarin arm (with an estimated rate of 0.76% per
year) when compared with the warfarin arms in other RCTs in AF (with 0.3% and 0.45%
from Cochrane reviews) was also a cause for concern (74). The high rate of concomitant
treatment with antiplatelets was criticised given the approximately doubling of major

bleeding events in patients taking antiplatelets with anticoagulants (74).

ROCKET-AF was criticised for the low TTR reported in the warfarin arm of the trial (55%)

and ambiguity over the method used to calculate TTR (75). Furthermore, the BMJ uncovere

d

that defective point of care devices for patient monitoring of INR were used in ROCKET-AF
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(76): the BMJ hypothesised this fault could have led to patients having their warfarin dose

increased unnecessarily leading to a greater risk of bleeding (76).

All of the DOAC RCTs for the indication of prevention of stroke and systemic embolism in
AF had similar study designs with key differences being that only RE-LY used open-label
warfarin (all other RCTs used dummy INR testing and kept both treatment arms blinded), and
minor differences in the eligibility criteria. Comparison of the baseline characteristics showed
all RCTs had similar median age (range 70 to 73), proportion of female participants (range
35.3% to 39.7%), however differences in baseline stroke risk were seen, with mean CHADS
score 2.1, 3.5, 2.1, and 2.8 in RE-LY, ROCKET-AF, ARISTOTLE and ENGAGE AF-TIMI
respectively. The proportion of participants with prior VKA exposure ranged from 49.6% to
62.4%. A key difference between the trials was the quality of INR control in the warfarin arm
with a lower time in therapeutic range in ROCKET-AF (55%) than the other RCTs (RE-LY

64%, ARISTOTLE 62.2%, and ENGAGE AF-TIMI 64.9%).

In terms of results, all RCTs met their criteria for non-inferiority and were successful in
subsequent testing for superiority against warfarin for the primary endpoint of stroke or
systemic embolism. Point estimates for the hazard ratios indicated approximately 20% lower
risk vs warfarin for rivaroxaban, apixaban, and edoxaban, and a 34% lower risk for
dabigatran. The main driver of the lower risk in the DOACs vs warfarin was the lower risk of
haemorrhagic stroke compared with warfarin in all the trials whereas the rate of ischemic
stroke was mostly similar between the DOACs and warfarin (except for dabigatran which

showed a lower risk in the high-dose dabigatran arm).

Only apixaban showed a statistically significant lower risk of all-cause death when compared
with warfarin. Safety results showed the DOACs to be non-inferior for major bleeding vs

warfarin for dabigatran and rivaroxaban, and superior for major bleeding vs warfarin for
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apixaban and edoxaban. This difference in mortality and safety results is likely to explain the
observed trend of greater use of apixaban in real world patients in the UK compared with the
other DOACs. Furthermore, despite dabigatran having been marketed as not requiring
monitoring, there was evidence from an investigation by the BMJ in 2014 (77) of substantial
variability in serum levels of dabigatran particularly in the elderly meaning monitoring of

drug levels and dose adjustment may be advised.

2.4.14. Choice of oral anticoagulant in AF

The current first-line treatment option per the NICE guidance consists of the DOACs); NICE
recommends the patient and clinician discuss the risks and benefits of the different DOACs
available and select the DOAC most suitable to the patient. Each DOAC has a slightly
different pharmacokinetic/pharmacodynamic and safety profile which means depending on

patient factors such as renal function one DOAC may be preferred over another.

For patients that have contraindications to, or cannot tolerate the DOACs, a vitamin K
antagonist such as warfarin can be offered as an alternative oral anticoagulant. The key
contraindications to DOACs are valvular AF (moderate or severe mitral stenosis), presence of
a mechanical heart valve, and antiphospholipid syndrome. Warfarin is also the only OAC not
contra-indicated in severe renal impairment (creatinine clearance <15 mL/min) whereas for
patients with moderate renal impairment (15-29 mL/min) there is a choice of suitably
adjusted dose of apixaban, edoxaban, or rivaroxaban. Apixaban tends to be the favoured
DOAC for patients with renal impairment given it has the lowest rate of renal elimination of

all DOACs (27%) (78).

The anticoagulation of patients with advanced CKD poses a particular challenge as DOACs
are contra-indicated and VKA therapy is more likely to result in out of range INR with the

associated risks in these patients; a study in patients with AF on dialysis found those treated
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with warfarin had a 44% higher risk of bleeding with no benefit in risk of stroke when

compared with patients not on warfarin (adjusted HR 1.14, 95% CI 0.78, 1.67) (79).

Patients that initiated VKA therapy prior to the availability of the DOACs may prefer to stay
on the VKA for reasons of familiarity and stability; NICE recommends these patients should
be offered the option to switch to a DOAC and advised on the relative risks and benefits of
such a switch. Switching from a VKA to a DOAC is recommended in cases where a patient
meets any of the following criteria as indicating poor quality VKA therapy:

- Two INR values higher than 5, or one INR value higher than 8 within the past 6
months.
- Two INR values less than 1.5 within the past 6 months.

- Time in therapeutic range (TTR) less than 65%.

2.4.1.5. Trends in OAC use

A study by Afzal et al (80) looked at prescribing trends in OACs (for all indications) in the
primary care setting in England in the period 2009-2019; Afzal found that the use of DOACs
as a proportion of total OAC prescriptions increased from 16% in 2015 to 62% in 2019. The
Afzal study also reported estimates for the proportion of total OAC prescriptions (%) for each
individual DOAC and warfarin, showing apixaban to be the most commonly prescribed
DOAC at 31.8%, followed by rivaroxaban (23.4%), edoxaban (4.1%), and dabigatran (2.5%).
Warfarin represented 38.1% of all anticoagulant prescriptions in the study in 2019, a marked
decrease from 2015 when it represented 83.6%. Afzal also noted a further increase in

apixaban prescriptions in 2020 with apixaban overtaking warfarin.

2.5. ARISTOTLE

ARISTOTLE was the key pivotal trial for the DOAC apixaban for the indication of
prevention of stroke and systemic embolism in patients with non-valvular atrial fibrillation

and at least one risk factor for stroke. ARISTOTLE was a large multi-country study which
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enrolled participants from December 2006 through to April 2010. ARISTOTLE enrolled
participants from 39 countries across 4 geographical regions (North America, South America,
Europe, Asian Pacific) with a total of 1034 different sites (for example a hospital or clinic)

involved.

The primary objective was to determine whether apixaban was noninferior to warfarin in
preventing stroke or systemic embolism in patients with atrial fibrillation and at least one
additional risk factor for stroke. The primary safety outcome of the trial was major bleeding.
The key secondary objectives included assessing whether apixaban was superior to warfarin

for: the primary outcome, key safety outcome, and death from any cause.

The key inclusion and exclusion criteria are listed in Table 2.5. ARISTOTLE included both
patients with no prior VKA exposure and patients currently or previously exposed to VKA

with randomisation stratified by prior VKA exposure status (naive or experienced).

2.5.1. ARISTOTLE Methods

ARISTOTLE analysed outcome events using Cox proportional hazards models stratified by
geographical region and prior VKA status (experienced, naive). A hierarchical testing
approach was used in which first the primary efficacy outcome (time to stroke or systemic
embolism) was tested for non-inferiority, if the non-inferiority criteria were met this was to
be followed by testing the primary outcome and key secondary outcomes for superiority in

order. Safety outcomes were analysed in a similar way testing for the equality of the rates.

2.5.2. ARISTOTLE Results

A total of 18,201 participants were randomised in a 1:1 ratio, with 9120 participants assigned
to the apixaban group and 9081 to the warfarin group. The two groups were well balanced
with respect to baseline characteristics (Table 2.6) with a median age of 70, 35% participants

were female and a mean CHADS; score of 2.1.
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Table 2.6 Baseline table for NEJM published results of ARISTOTLE

Characteristic - n(%) unless specified

Age — years , median (IQR)

Female sex

Systolic blood pressure — mmHg, median (IQR)
Weight — kg, median (IQR)

Prior myocardial infarction

Prior clinically relevant or spontaneous bleeding
History of fall within previous year

Prior use VKA >30 days

Qualifying risk factors
Age > 75 years
Prior stroke, TIA, or SE
Heart failure or reduced LVEF
Diabetes
Hypertension req. treatment
CHADS; score, mean = SD
CHADS,=0
CHADS; =1
CHADS,=2
CHADS; >3

Medications at index date
ACE inhibitor or ARB
Amiodarone
Beta-blocker
Aspirin
Clopidogrel
Digoxin
Calcium channel blocker
Statin
Non-steroidal anti-inflammatory
Gastric antacid drugs

Renal function, creatinine clearance
Normal, >80 ml/min
Mild imp., >50 to 80 ml/min
Moderate imp. (>30 to 50 ml/min)
Severe imp. (<30 ml/min)
Not reported

Ethnicity
White
Black
Asian
Other

Apixaban
(N=9120)

70 (63, 76)
3234 (35.5)

130 (120, 140)

82 (70, 96)
1319(14.5)
1525 (16.7)
386 (4.2)
5208 (57.1)

2 850 (31.2)
1748 (19.2)
3235 (35.5)
2 284 (25.0)
7962 (87.3)
2.1+1.1
54 (0.6)
3046 (33.4)
3262 (35.8)
2 758 (30.2)

6 464 (70.9)
1009 (11.1)
5797 (63.6)
2859 (31.3)
170 (1.9)
2916 (32.0)
2744 (30.1)
4104 (45.0)
752 (8.2)
1 683 (18.5)

3761 (41.2)

3817 (41.9)

1 365 (15.0)
137 (1.5)
40 (0.4)

7536 (82.6)
125 (1.4)

1310 (14.4)
149 (1.6)

Warfarin
(N=9081)

70 (63, 76)
3182 (35.0)

130 (120, 140)

82 (70, 95)
1266 (13.9)
1515 (16.7)
367 (4.0)
5193 (57.2)

2 828 (31.1)
1790 (19.7)
3216 (35.4)
2263 (24.9)
7 954 (87.6)
2.1+1.1
58 (0.6)
3025 (33.3)
3254 (35.8)
2 744 (30.2)

6368 (70.1)
1042 (11.5)
5685 (62.6)
2773 (30.5)
168 (1.9)
2912 (32.1)
2823 (31.1)
4095 (45.1)
768 (8.5)
1 667 (18.4)

3757 (41.4)

3770 (41.5)

1382 (15.2)
133 (1.5)
39 (0.4)

7 493 (82.5)
102 (1.1)
1332 (14.7)
153 (1.7)

ACE = angiotensin-converting enzyme; ARB = angiotensin-receptor blocker; IQR=interquartile range; LVEF=

left ventricular ejection fraction; SD = standard deviation; TIA = transient ischemic attack
Source: C B. Granger et al. Apixaban versus Warfarin in Patients with Atrial Fibrillation. N Engl J Med 2011;

365:981-992, doi: 10.1056/NEJMo0al107039
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Median duration of follow-up was 1.8 years. ARISTOTLE successfully demonstrated non-
inferiority of apixaban vs warfarin for the primary endpoint and showed superiority (Table
2.7). Apixaban also showed superiority for all-cause death (Table 2.7) and major bleeding

(Table 2.8).

Table 2.7 Efficacy outcomes results from ARISTOTLE

Apixaban Group Warfarin Group

(N=9,120) (N=9,081)
Patients Event Patients Event
with Event Rate  with Event Rate Hazard Ratio

Outcome no. %lyr no. %lyr (95% CI)
Primary outcome: stroke or systemic 212 1.27 265 1.60 0.79 (0.66,0.95)
embolism

Stroke 199 1.19 250 1.51 0.79 (0.65,0.95)

Ischemic or uncertain type of stroke 162 0.97 175 1.05 0.92 (0.74,1.13)

Haemorrhagic stroke 40 0.24 78 0.47 0.51 (0.35,0.75)

Systemic embolism 15 0.09 17 0.10 0.87 (0.44,1.75)
Key secondary outcome: death from any cause 603 3.52 669 394  0.89(0.80,0.998)
Other secondary outcomes

Stroke, systemic embolism, or death from 752 4.49 837 5.04 0.89 (0.81,0.98)
any cause

Myocardial infarction 90 0.53 102 0.61 0.88 (0.66,1.17)

Stroke, systemic embolism, myocardial 810 4.85 906 549  0.88(0.80,0.97)
infarction, or death from any cause

Pulmonary embolism or deep-vein 7 0.04 9 0.05 0.78 (0.29,2.10)
thrombosis

ref: C B. Granger et al. Apixaban versus Warfarin in Patients with Atrial Fibrillation. N Engl J Med 2011;
365:981-992, doi: 10.1056/NEJMo0al107039

Table 2.8 Bleeding outcomes and net clinical outcomes results from ARISTOTLE RCT

Apixaban Group Warfarin Group

ARISTOTLE RCT (N=9,088) (N=9,052)
Patients Patients
with Event Event Rate with Event Event Rate Hazard Ratio

Outcome no. %/yr no. %/yr (95% CI)
Primary safety outcome: ISTH major bleeding 327 2.13 462 3.09  0.69(0.60,0.80)

Intracranial 52 0.33 122 0.80 0.42 (0.30,0.58)

Other location 275 1.79 340 2.27 0.79 (0.68,0.93)

Gastrointestinal 105 0.76 119 0.86 0.89 (0.70,1.15)
Net clinical outcomes

Stroke, SE, or major bleeding 521 3.17 666 4.11 0.77 (0.69,0.86)

Stroke, SE, major bleeding, or death from 1009 6.13 1168 7.20 0.85 (0.78,0.92)
any cause

ISTH=International Society on Thrombosis and Haemostasis; SE=systemic embolism.
ref: C B. Granger et al. Apixaban versus Warfarin in Patients with Atrial Fibrillation. N Engl J Med 2011;
365:981-992, doi: 10.1056/NEJMoal107039
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2.5.3. Discussion of ARISTOTLE Results

ARISTOTLE was a well-designed RCT that demonstrated superior efficacy and safety of
apixaban compared with warfarin. The results of ARISTOTLE led to apixaban being added
as a recommended treatment option in the UK for patients with atrial fibrillation and
additional stroke risk factor(s). The primary outcome included both ischemic and
haemorrhagic strokes with the ARISTOTLE results suggesting the main driver of the overall
lower rate of stroke or systemic embolism was the lower haemorrhagic stroke rate in the
apixaban users (0.24%/year vs 0.47%/year for warfarin) whereas little difference was seen in

the rates of ischemic stroke (0.97%/year vs 1.05%/year).

The key limitations for ARISTOTLE relate to questions on the generalisability of the results
(in common with most RCTs, how applicable are the results to the target population?) and
questions on the quality of the warfarin treatment in the warfarin arm given the known
association between INR control in warfarin users and risk of ischemic and bleeding events.
Generally, one might assume that the standard of care offered in an RCT should be delivered
to an equivalent or higher standard than what is seen in routine care given the increased
monitoring of patients involved in an RCT. The key measure of the standard of care for
warfarin users is TTR with thresholds of 65% used by NICE to indicate acceptable control,
and higher thresholds such as 70% or 75% considered for good control. The mean TTR in the
ARISTOTLE warfarin arm was 62.2% (median 66%); the Appraisal Committee considering
whether to recommend apixaban in the UK considered this TTR to reflect ‘what is generally
seen in the UK, not what is observed in centres achieving the best time in therapeutic range,
and that centres should aim for a time in therapeutic range for each individual of 70% and
above’. In the NICE review of ARISTOTLE several professional groups noted that the TTR
of warfarin users in ARISTOTLE may be lower than what is typical in UK clinical practice

[9], questioned whether “apixaban compared with well-controlled warfarin (TTR 75% or
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more) may not be superior in the long term”, and noted a trend in the analysis by TTR
performed in ARISTOTLE in which event rates in the apixaban arm varied by TTR group
suggesting factors other than INR control may have contributed to the results grouped by

cTTR.

An analysis of the EU patient subgroup from the trial (22.3% of the participants) in the EMA
commentary of the results (81) noted reduced efficacy in the patients in the EU (Stroke/SE
HR 0.92 [95% CI 0.56, 1.52], all cause death HR 0.89 [95% CI 0.68, 1.18]) and noted this
could be attributed to the superior INR control in the EU patients (median 0.6893) (81). The
EMA commentary noted superiority for the primary endpoint was lost in sites with TTR >
median TTR, for all cause death in the highest TTRc quartile (>72.2%) the HR was 1.04
(95% CI 0.82, 1.33) concluding superiority was not shown in patients well controlled on

VKA.

The comments in the EMA and NICE reviews suggested INR control as measured by TTR
would likely be a key factor to consider in the emulation of ARISTOTLE using UK EHRs
and that questions regarding the TTR seen in UK EHR compared with the RCT and

relationship between the relative effectiveness and the TTR in the warfarin group could be

explored as part of the ARISTOTLE emulation.

The generalisability of the ARISTOTLE results to a given population is likely to depend not
only on the typical quality of warfarin therapy in that population, but also other factors
relating to the similarity of the population to the ARISTOTLE participants. The Appraisal
Committee noted that compared with the ARISTOTLE participants ‘people treated for atrial
fibrillation tended to be older and more likely to be on non-steroidal anti-inflammatory drugs
(NSAIDS), which can impact on bleeding’, however overall the Committee concluded that

ARISTOTLE was ‘broadly generalisable to the UK population’. This is an area that can be
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explored during the emulation of ARISTOTLE in UK EHR - that is, how similar are the
ARISTOTLE participants to UK patients with AF prescribed apixaban or warfarin? How
might differences in the baseline characteristics impact the relative benefits of apixaban vs
warfarin? Further, should emulation of ARISTOTLE be successful then apixaban could be
compared to warfarin in patient groups excluded from or under-represented in ARISTOTLE

such as the elderly, or those at increased bleeding risk.

2.6. Summary

This chapter summarised background information for the thesis. First a description of the
concepts of reference trial emulation and the related target trial emulation were given. The
high-level results and conclusions of the authors of the RCT-DUPLICATE initiative which
has emulated a large number of RCTs using US insurance claims data were described along
with the additional reference trial emulation studies identified by Baptiste (21). It was noted
that both the FDA and RCT-DUPLICATE authors recommend more reference trial emulation
studies are required to deepen the understanding of differences in results and the influence of
the data sources and methods on the results. The objective of this thesis to attempt to emulate
a reference trial using UK EHR data including matching to the trial participants and exploring
the inclusion of prevalent users could therefore provide evidence on outstanding questions in

the topic of reference trial emulation.

This chapter then introduced the intended data sources of this thesis consisting of UK
electronic healthcare records from primary care linked to hospital admissions and mortality
data, and patient level data from the target reference trial. The feasibility criteria for selecting
a suitable reference trial to emulate using this data were given along with discussion of the
suitable therapeutic areas based on the characteristics of typical RCT designs, outcomes, and
the quality and breadth of data available in the UK EHRs. The limitations of the data and

considerations of missing data in the context of longitudinal outcomes in real world data led
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to the identification of suitable therapeutic areas and the selection of ARISTOTLE, which
compared apixaban to warfarin for stroke prevention in patients with AF, as a potential
candidate reference trial to emulate. The feasibility work conducted in which the eligibility
criteria of ARISTOTLE were applied to CPRD Gold to determine whether it would be
possible to emulate this reference trial was presented. The calculations showed there would
be a large enough sample size available in the UK EHR data sources to emulate

ARISTOTLE.

In order to understand the ARISTOTLE trial this chapter concluded with a brief summary of
ARISTOTLE, a background to atrial fibrillation and the current treatment landscape for atrial

fibrillation.

The next chapter will present the results of a literature review looking at real world evidence

comparing apixaban to warfarin.
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Chapter 3  Literature review: a scoping review on the
“real world” effectiveness and/or safety of apixaban
compared with VKA in stroke prevention in AF patients

This chapter aims to provide an overview of the existing literature on studies assessing
the real-world effectiveness of apixaban compared with warfarin for stroke prevention

in patients with AF. This chapter will present:

An introduction and the aims of the literature review,

The methods used to identify studies,

- Results of the literature review looking at non-interventional studies assessing
effectiveness and/or safety of apixaban.

- A summary of the data sources, key methods, and results of the studies

identified in the literature review.

- A conclusion of the results of the literature review.

3.1. Introduction and aims

The aim of the review is to provide a scoping review of the literature on non-interventional
studies assessing effectiveness and/or safety of apixaban compared with warfarin, using
systematic searches of databases. More specifically to summarise the:

1. Populations studied and how this compared to the ARISTOTLE participants

2. Design, methods and analysis approach used to estimate treatment effects and how
confounding and bias were accounted for

3. Findings from the non-interventional research relative to ARISTOTLE

As this review was focused on the methods and study design rather than the result, a meta-

analysis was not performed.
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3.2. Methods

3.2.1. Databases and sources

Two large medical journal databases, PUBMED (1946 to present) and EMBASE (1947 to
present) were searched electronically for non-interventional studies into atrial fibrillation
patients treated with a VKA or a DOAC where the effectiveness and/or safety of the
treatments was compared. To uncover potential “grey literature” the websites of electronic
health record databases were searched for publications. The reference list of selected

publications and any review articles found were also searched for relevant articles.

3.2.2. Search keywords and terms

In designing the search strategy, the research question was divided into three main categories
of terms: (1) terms related to the treatments of interest (VKAs and DAOCs) (2) terms related
to atrial fibrillation as the population of patients of interest and (3) terms relating to non-
interventional studies. Terms within each category were combined by “or” statements while

the two categories were combined by an “and” statement.

Within Pubmed which is indexed by MeSH terms, the following MeSH keywords were
identified and used:

(((Dabigatran[MeSH Terms]) OR ("factor xa inhibitors"[MeSH Terms]) OR (apixaban) OR
(warfarin) OR (4-Hydroxycoumarins[MeSH Terms])) AND (Observational
Study[Publication Type]) AND (atrial fibrillation[MeSH Terms]))

Within EMBASE which is indexed using Emtree preferred terms, the following EMBASE
terms were identified and used:

(blood clotting factor 10a inhibitor OR coumarin anticoagulant OR dabigatran OR dabigatran
etexilate) AND atrial fibrillation AND observational study
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3.2.3. Procedure

Titles and abstracts of all retrieved articles were screened for an initial assessment of
eligibility for inclusion. For the articles that fulfilled the inclusion criteria (or articles for
which eligibility was still unclear), the full text was obtained for review. Eligibility decisions
were finalised based on the full-text review as necessary, and the following information was
extracted from each included article: first author and year of publication, database(s) used,
study design, outcome(s), exposure(s), age range criteria for selection of study population,
inclusion criteria used, main study results, analysis methods used, sensitivity analyses

performed.

3.2.4. Inclusion/exclusion criteria
Inclusion criteria
1. Any study comparing effectiveness and/or safety of apixaban to a vitamin K antagonist
(VKA).
2. Outcome (primary or otherwise) of the study is stroke, systemic embolism, myocardial
infarction (MI), bleeding, or death (alone or in combination, including synonyms of all
outcomes and subtypes of outcomes such as intracranial haemorrhage).
3. Study using non-interventional data.
Exclusion criteria
Studies focused on:
1. Anticoagulation before, during, or after surgical procedures.
2. Patterns of treatment or epidemiology of AF.
3. Adherence, persistence, or interactions between treatment and factors such as diet and
genetics.
4. Special patient populations such as liver failure or end stage kidney disease.

5. Only pooled DOACS or DOACsSs other than apixaban
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6. Indications other than AF

3.2.5. Search date

Searches were performed on 30 June 2018 (search from start of databases) and an updated
search on 22 March 2024 to identify studies from 2018 up to the present.

3.3. Results

A total of 984 potential articles were identified by the searches. After review against the

inclusion and exclusion criteria, 40 studies were included in the final review (Figure 3.1).

Combined search results (n=984)

Did not meet inclusion criteria (n=386)
No comparison between DOAC vs VKA or between DOACs (n=178)
Stroke, SE, MI, Bleeding, or Death not an outcome (n=143)
Protocol or baseline results only (n=15)
Literature review, meta-analysis, or expert review/comment (n=50)

Met exclusion criteria (n=558), studies focused on:
Focus on surgery (ablation, watchman, cardioversion, peri-op OAC etc) (n=102)
Patterns of use/appropriate prescribing/epidemiology of AF (n=123)

—>| Adherence, persistence, drug interactions, dosing (n=103)

Special population (malignancy, etc) (n=59)

Studies reporting only other DOACs or pooled DOAC vs VKA (n=170)

No results for AF indication alone (n=1)

Included (n=40)

Figure 3.1 Flow diagram of search strategy and results

AF=atrial fibrillation; DOAC=direct-acting oral anticoagulant; MI=myocardial infarction; OAC=oral anticoagulant; peri-op=peri-operative;
SE=systemic embolism; VKA=vitamin K antagonist.

3.3.1. Description of studies included in the final review

A total of 40 studies met the eligibility criteria and were included in the final review, 30 of
which were identified at the time of the initial literature review (performed on 30 Jun 2018)
and the remaining 10 identified during the course of completion of the thesis (updated search

to identify studies from 01 July 2018 to present performed on 22 March 2024).
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A list of included studies is given in Table 3.1. The studies used data ranging from 01 Oct
2010 (most studies used data starting from 01 Jan 2013) to Dec 31, 2019. Nineteen studies
used data from the US (including US Department of Defence Data, Medicare, Medicaid,
Marketscan, OptumlInsight, PharMetrics, Optum Clinformatics and HealthCore US medical
pharmacy claims), a further 16 studies used data from Western European countries (5
German [3 claims database, 2 outpatients IMS Disease Analyzer], 5 Danish nationwide
registries, 1 UK [QResearch and CPRD], 2 Swedish EHRs, 2 Italian administrative database
[1 from 10 local health units and 1 using linked data from the Emilia-Romagna region], 1
Spanish EHRs, and 1 French National Health System Claims Data [SNDS]), with the
remaining 5 studies from East Asian populations (3 Japanese EHRs, 1 Korean and 1
Taiwanese National Health Insurance Research Database). The sample size of the apixaban
group ranged from 723 to 110 259 with most studies (21) analysing between 1000 and 10 000
patients exposed to apixaban. Sixteen studies had more than 10 000 patients in the apixaban
cohort of which two studies had more than 100 000 patients in the apixaban cohort, and only
two studies had fewer than 1000 patients in the apixaban cohort. The two largest studies with
more than 100 000 patients in the apixaban arm of the cohort pooled data from multiple US

Claims datasets.

Most studies used propensity score matching (PSM) to control for confounding with inverse
probability of treatment weighting (IPTW) and hazard ratios adjusted for baseline covariates

also commonly used.

3.3.2. Summary of results of apixaban effectiveness and safety in the non-
interventional studies

Table 3.1 summarises the data sources, study design, and key results, with studies grouped by

geographical region.
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Table 3.1 Summary of methods and results of the non-interventional studies included in the scoping review of effectiveness and safety of

apixaban vs vitamin K antagonists

Data source
Population

First author
and year of
publication

Methods used

Cohort size Apixaban/VKA
Follow-up
Key results

Region: North America (US)

Yao X 2016 US Insurance + Medicare Advantage

(82) Patients with NVAF using OAC Oct 2010 to Jun 2015.
Allowed prior warfarin exposure

Excluded: valvular heart disease, ESRD, kidney transplant, or
dialysis, hip or knee replacement 6 weeks prior, DVT or PE

PSM, sensitivity: TTR, ITT, censor at 6m, exclude
ablation/cardioversion

Censored at treatment switch or discontinuation
No trial emulation

15 390/15 390

Max follow-up 4y 9m
Stroke/SE 0.67 (0.46, 0.98)
Major bleed 0.45 (0.34, 0.59)

Lip GYH US Truven MarketScan + Medicare supplemental claims PSM, no information on sensitivity 7438/ 7438,

2016 (83) New users with AF No information on censoring Max follow-up 3y
No information on excluded groups No trial emulation Major bleed 0.53 (0.39, 0.71)

Lip GYH US Truven MarketScan + Medicare supplemental claims aHRs, sensitivity +30 days to censoring 2402/ 12713,

2016 (84) New users with AF Censored at treatment switch or discontinuation Max follow-up ly
Excluded: valvular heart disease, thyrotoxicosis, pericarditis, No trial emulation Major bleed 0.52 (0.30, 0.89)
mitral stenosis, VTE, heart surgery and endocarditis

Coleman CI US MarketScan claims PSM, no information on sensitivity 4083/ 4083

2016 (85) New users with NVAF using OAC Jan 2012 to Oct 2014 No information on censoring Max follow-up 2y 10m
Excluded: prior stroke, systemic embolism or ICH No trial emulation Stroke 0.63 (0.35, 1.12)
Funded by Bayer

Li XS 2017 4 US claims databases (MarketScan, PharMetrics, Optum, | PSM, sensitivity: patients not censored 1 year post-index | 38 470/ 38 470

(86) Medicare Advantage) date Max follow-up ly
New users with NVAF using OAC Jan 2013 to Sep 2015 Censored at treatment switch or discontinuation Stroke/SE 0.67 (0.59, 0.76)
Excluded: valvular heart disease, VTE, transient AF No trial emulation Major bleed 0.60 (0.54, 0.65)
(pericarditis, hyperthyroidism, thyrotoxicity), pregnancy

Coleman CI US Truven MarketScan (commercial + Medicare) PSM, sensitivity shrunken cohort analysis (consistent 1257/ 1257

2017 (87) New users with NVAF using OAC Jan 2012 to June 2015 results) Max follow-up 3y 6m, mean 0.5y
Excluded: Pts without previous ischemic stroke/TIA. Pts with Censored at treatment switch or discontinuation Ischemic stroke/ICH 0.70 (0.33, 1.48)
transient cause NVAF, VTE, hip or knee arthroplasty, cancer, No trial emulation Major bleed 0.79 (0.38, 1.64)
pregnancy, >1 OAC on index date or during follow-up

LinJ 2017 IMS Pharmetrics Plus, US medical pharmacy claims PSM, no information on sensitivity ND,

(88) No information on new/prevalent user inclusion.
No information on excluded groups

No information on censoring
No trial emulation

Max follow-up 2y 9m
warfarin vs apixaban
Major bleed 2.05, (1.4, 3.0)

Adeboyeje G
2017 (89)

US HealthCore medical pharmacy claims

New users with NVAF with OAC Nov 2010 to Feb 2015.
Excluded: valvular heart disease, hyperthyroidism, DVT, PE,
kidney transplant, dialysis, or hyperthrombotic conditions.
Any OAC Rx in 6m prior to index date.

IPTW, no information on sensitivity
Censored at treatment switch or discontinuation
No trial emulation

3689/23 431
ND
Major bleed 0.52 (0.41, 0.60)
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First author

Data source

Methods used

Cohort size Apixaban/VKA

and year of Population Follow-up
publication Key results
Deitelzweig S | US Medicare Advantage PSM, no sensitivity 14214/ 14 214

2017 (90) New users with NVAF using OAC Jan 2013 to Sep 2015 Censored at treatment switch or discontinuation Max follow-up 2y 9m
Excluded: age < 65 yrs, valvular heart disease, VTE, transient No trial emulation Stroke/SE 0.65 (0.51, 0.83)
AF, cardiac surgery, hyperthyroidism, thyrotoxicity Major bleed 0.53 (0.45, 0.63)
Hernandez I US 5% random sample of Medicare beneficiaries aHRs, no sensitivity 2358/ 12353
2017 (91) New users with AF Censored at treatment switch or discontinuation Max follow-up ly
Excluded: beneficiaries without continuous Part D enrolment No trial emulation Ischemic stroke/SE/death 0.86 (0.76, 0.98)
Any bleed 0.79 (0.70, 0.90)
Lopes RD US Medicare PSM, no information on sensitivity analyses 9410/ 9410
2017 (92) New users with NVAF using OAC Jan 2013 to Dec 2014 No information on censoring at treatment switch or stop Max follow-up 2y, mean 6m
Excluded patients without coronary/peripheral artery disease, No trial emulation Stroke/SE 0.44 (0.30, 0.64)
age < 65 yrs Major bleed 0.58 (0.49, 0.69)
LiX 2018 4 US claims databases PSM; Sensitivity using extended follow-up not restricted | 31 827/31 827 [Smg], 6600/6600 [2.5mg]
(93) (MarketScan, PharMetrics, Optum, Humana) to 1 year (results consistent). Max follow-up ly
New users with NVAF Censored at treatment switch or discontinuation. Stroke/SE 0.70 (0.60, 0.81) [5mg]
Excluded: pregnancy, valvular heart disease, VTE, transient No trial emulation Stroke/SE 0.63 (0.49, 0.81) [2.5mg]
AF (pericarditis, hyperthyroidism, thyrotoxicity) Major bleed 0.59 (0.53, 0.66) [Smg]
Major bleed 0.59 (0.49, 0.71) [2.5mg]
Amin A 2018 | US Optumlnsight Research Database PSM, no information on sensitivity analyses 8328/ 8328
(94) New users with NVAF using OAC Jan 2013 to Sep 2015 No information on censoring at treatment switch or stop Max follow-up 2y 9m
No information on excluded patients No trial emulation Warfarin vs apixaban:
Stroke/SE 1.60 (1.23, 2.07)
Major bleed 1.95 (1.60, 2.39)
All-cause death 1.30 (1.21, 1.40)
Lopes RD US Medicare PSM, no information on sensitivity analyses 15527/ 15 527;
2018 (95) New users with NVAF using OAC Jan 2013 to Sep 2105 No information on censoring at treatment switch or stop Max follow-up 2y 9m, mean 6m
Excluded patients without coronary/peripheral artery disease, No trial emulation Stroke/SE 0.48 (0.37, 0.62)
age <65 yrs Major bleed 0.66 (0.58, 0.75)
Amin A 2018 | US Medicare + Medicaid PSM, sensitivity: i) included apixaban dose as subgroup 20 803/ 20 803
(96) New users with AF with OAC Jan 2013 to Dec 2014 and outcomes compared/interaction evaluated; ii) Patients | Max follow-up 2y, median 120 days
Excluded: age < 65 years, rheumatic mitral valvular heart censored at 6 months to create more balanced length of warfarin: vs apixaban
disease, mitral valve stenosis, heart valve replacement or follow-up between groups; iii). Only patients with > 30 Stroke/SE 2.51 (1.92, 3.29)
surgery; transient AF (pericarditis, hyperthyroidism, and days of follow-up evaluated. Major bleed 1.96 (1.71, 2.23)
thyrotoxicity), venous thromboembolism, pregnancy during the | Censored at treatment switch or discontinuation
study period; or > 1 OAC prescription on index date. No trial emulation
Lip GYH US Medicare, Medicaid, + 4 commercial claims databases. PSM within databases then pooled into 1 cohort, 100 977/ 100 977
2018 (97) New users with NVAF using OAC Jan 2013 to Sep 2015. Sensitivity: i) Restricting follow-up to 1 year; ii) Max follow-up 2y 9m, median 126 days

Excluded: any OAC 12 months before index date, valvular
heart disease, VTE, transient AF (pericarditis,

Multivariate Cox PH models on all patients meeting
eligibility criteria (without PSM); iii) All-cause death for

apixaban, 158 days warfarin
Stroke/SE 0.64 (0.58, 0.70)
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First author Data source Methods used Cohort size Apixaban/VKA
and year of Population Follow-up
publication Key results
hyperthyroidism, thyrotoxicity), heart valve replacement/ Medicare patients only (other databases do not include Major bleed 0.60 (0.56, 0.63)
transplant during baseline period, pregnancy, hip or knee complete death information)
replacement surgery within 6 weeks before index date. Censored at treatment switch or discontinuation.
No trial emulation
Gupta K US Department of Defence PSM. Sensitivity: i) cohorts stratified by dosage of 7607 / 7607
2019(98) NVAF patients with OAC Rx Jan 2013- Sep 2015. DOAC:s (standard and reduced) on index date to assess if | Max follow-up 2y 9m, median 161 days
Excluded: valvular heart disease, heart valve replacement, outcomes altered by DOACs dosage; ii) exclude patients | apixaban 153 days warfarin
dialysis, kidney transplant, end-stage chronic kidney disease, with catheter ablation within 2 months prior to index, and | Stroke/SE 0.55 (0.39, 0.77)
VTE, reversible AF, OAC during 12-months prior to index, hip | exclude those with cardioversion 1 month before or after | Major bleed 0.65 (0.53, 0.80)
or knee replacement within 6 weeks prior to index date, > 1 index; iii) max follow-up 6-months; iv) ITT
OAC on index date, or pregnancy Censored at treatment switch or discontinuation.
No trial emulation
Amin A US Medicare + Medicaid PSM. Sensitivity: 1)) DOAC standard-dose and low-dose 38740/ 38 740
2020(99) Patients with AF (aged > 65 years) initiating OAC Jan 2013 to | cohorts to look for interaction; ii) censored at 6 months; Max follow-up 2y, median 113 days
Dec 2014. iii) restrict to patients with > 30 days follow-up. warfarin, 97 days apixaban
Excluded: rheumatic mitral valvular heart disease, mitral valve | Censored at treatment switch or discontinuation. Warfarin vs apixaban
stenosis, heart valve replacement or surgery; transient AF, No trial emulation Stroke/SE 2.18 (1.80, 2.64)
VTE, OAC during 12-month baseline period; pregnancy; > 1 Major bleed 1.76 (1.59, 1.95)
OAC on index date.
Franklin J et Pooled US Claims Data PSM 110259/110 259
al 2021 RCT-DUPLICATE emulation of ARISTOTLE As-treated as primary analysis and ITT secondary Optum: 15 273 pairs
[protocol] Marketscan: Jan 2013-Dec 2018, Optum: Jan 2013-Dec 2019. analysis. Truven: 14 849 pairs
(100) Medicare: Jan 2013-Dec 2017. Censored at treatment switch or discontinuation in Medicare: 80 137 pairs
Wang SV etal | ARISTOTLE eligibility criteria applied. primary as-treated analysis. Max follow-up 1 year in ITT analysis.
2023 [results] | No warfarin or apixaban prescription in the 180 days prior to Applied trial eligibility criteria but did not match to the Median follow-up 98 days
(20) index date. trial on baseline characteristics. Stroke/SE on-trt 0.68 (0.61,0.76)
Stroke/SE ITT sensitivity: 0.73 (0.67, 0.79)
Region: Europe
Larsen TB 3 Danish nationwide databases IPTW, sensitivity censoring at treatment switch 6349/ 35 436
2016 (101) New users with AF Not censored at treatment switch or stop for primary - Max follow-up 4y 2m
Excluded: reduced dose apixaban, valvular AF or VTE (PE or ITT used Ischemic stroke/SE 1.08 (0.91, 1.27)
DVT) No trial emulation All-cause death 0.65 (0.56, 0.75)
Major bleed 0.61 (0.49, 0.75)
Lamberts M Danish administrative registries aHRs, no information on sensitivity 7963/ 24 230
2017 (102) New users with AF Censored if >1 OAC Rx or no OAC Rx Max follow-up 4y 4m
Excluded: recent (<6 months) VTE or PE or recent (<5 weeks) | No trial emulation Major bleed 0.82 (0.70-0.95)
hip or knee prosthetic surgery
Nielsen PB 3 Danish nationwide databases IPTW, sensitivity aHRs, restricted study period, 4400/ 38 893
2017 (103) New users with AF supplementary subgroups Max follow-up 5y 7m
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First author

Data source

Methods used

Cohort size Apixaban/VKA

and year of Population Follow-up
publication Key results
Excluded: standard dose apixaban, valvular AF, PE, DVT, or Not censored at treatment switch or stop for primary - Ischemic stroke/SE 1.19 (0.95, 1.49)
recent hip/knee surgery ITT used Major bleed 1.04 (0.76, 1.43)
No trial emulation
Staerk L 2017 | Danish nationwide registries aHRs, sensitivity: with additional confounder, limited 6899/ 18 094
(104) New users with AF study period, ITT, and supplementary subgroup analysis Max follow-up 2y
Excluded: age<30 or>100 yrs, valvular AF, hip or knee Censored at treatment switch or discontinuation Stroke/TE (excludes ICH): 1.07 (0.87, 1.31)
arthroplasties in prior 5 weeks, PE or DVT in 6 months prior No trial emulation
Coleman CI German outpatients IMS Disease Analyzer PSM, no sensitivity 723/ 723
2017 (105) New users with AF Not censored at treatment switch or stop, dealt with via Max follow-up ly 8m
Excluded: valvular AF, prior stroke, SE, or ICH, > 1 OAC on exclusion criteria. Ischemic stroke/TIA/MI/ICH 0.77 (0.43,
index date or OAC switch during follow-up No trial emulation 1.40)
Major bleed 0.56 (0.34, 0.93)
MI 0.28 (0.08, 0.99)
Hohnloser SH | German claims database. aHRs, sensitivity: PSM 3633/ 16 179
2017 (106) New users with AF No information on censoring Max follow-up 2y 3m
No information on excluded groups No trial emulation Major bleed 0.68 (0.51-0.90)
Lip GYH Danish nationwide registries IPTW, sensitivity: on-treatment analysis censoring at 1470/ 7674
2017 (107) New users with AF treatment switch + falsification analysis Max follow-up 2y 6m
Excluded: reduced dose apixaban, prior stroke, SE or TIA or Not censored at treatment switch or stop for primary - Ischemic stroke/SE 1.01 (0.51, 2.03)
age >75yr, >1 non-gender stroke risk factor, valvular AF, VTE | ITT used, censored for on-treatment sensitivity Any bleed 0.35 (0.17, 0.72)
(PE or DVT) No trial emulation All-cause death 0.47 (0.29, 0.76)
Coleman CI German outpatients IMS Disease Analyzer PSM, no sensitivity 835/ 835
2018 (108) New users with AF Not censored at treatment switch or stop, dealt with via Max follow-up 2y 3m
Excluded: valvular AF, prior event in composite endpoint, >1 exclusion criteria. Ischemic stroke/TIA/MI/ICH 0.87 (0.47,
OAC on index date or OAC switch during follow-up, min 1 No trial emulation 1.60)
year follow-up Ischemic stroke 1.51 (0.54, 4.24)
MI 0.33 (0.11, 1.03)
Hohnloser SH | German claims database aHRs, sensitivity: PSM 10 117/ 23 823
2018 (109) No information on whether new or prevalent users. No information on censoring No information on duration of follow-up
No information on exclusions. No trial emulation Apixaban vs Phenprocoumon
Stroke/SE 0.77 (0.66, 0.90)
Major bleed 0.58 (0.49, 0.69)
Sjalander S Swedish EHRs, identified through Auricula Matching on Mahalanobis 12311/12 311
2018 (110) New users with AF, no information on exclusions No information on censoring at treatment switch or stop. | Max follow-up 3y
TTR 0.714 in warfarin users No trial emulation Stroke/SE 0.92 (0.70, 1.20)
Major bleed 0.63 (0.52, 0.75)
All-cause death 0.83 (0.72, 0.96)
MI 0.68 (0.49, 0.95)
Vinogradova UK QResearch + CPRD Gold linked to HES and ONS aHRs, sensitivity: IPTW 10601/ 70 585.
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First author

Data source

Methods used

Cohort size Apixaban/VKA

and year of Population Follow-up
publication Key results
Y 2018 (111) | 2011-2016 Censored at treatment switch or discontinuation Max follow-up 5y 9m
New users with AF with OAC in study period No trial emulation. Ischemic stroke 1.13 (0.89,1.44)
[QResearch: Jan 2011 to Oct 2016 Prospective open cohort study, looked at DOACs vs ICH 0.40 (0.25,0.64)
CPRD Gold: Jan 2011 to Mar 2016] warfarin and risks of bleeding, ischemic stroke, VTE, and | Major bleed 0.66 (0.54, 0.79)
Inclusion: aged 21 to 99 at study entry (entry date first Rx of all-cause mortality. All-cause death:
any anticoagulant). 1.13 (1.01, 1.25) [all doses]
Excluded: any OAC Rx in 12 months before entry; <12 months 0.98 (0.83, 1.15) [Smg apixaban dose]
records before entry; no valid Townsend score. 1.27 (1.12, 1.45) [2.5mg apixaban dose]
Ramagopalan | Italy administrative database 10 local health units PS quintiles, no information on sensitivity 1521/ 8393
SV 2018 New users with AF Censored at treatment switch or discontinuation Max follow-up 3y Sm
(112) Excluded: valvular AF, VTE (DVT/PE), knee or hip No trial emulation Major bleed 0.44 (0.20- 0.97)
replacement in prior 6 weeks, more than one OAC
Marietta M Italian administrative healthcare datasets linked to data PS-adjusted HRs calculated for pooled DOAC 1955/954
2019 gathered in study centres from 7 anticoagulation clinics comparisons only. Stroke/SE crude HR 0.90 (0.45, 1.79)
(113) (Emilia-Romagna Region). Major bleed crude HR 1.50 (0.92, 2.44)
Adults with NVAF enrolment Oct 2014 to Jan 2017. Competing risk approach used — Fine & Gray All-cause death crude HR 1.28 (0.75, 2.21)
Included both patients naive to any anticoagulant treatment and | proportional hazards models to assess relationship Mean TTR in VKA 74.0
those already on VKA or DOAC (3 categories: ‘“VKA between treatment and outcomes
experienced’ if >90 days VKA exposure in the 180 days before
index date; ‘DOAC experienced’ if >90 days DOACS in the Censored at treatment switch or discontinuation.
180 days before index date, ‘Naive’ in all the remaining cases. | No trial emulation
Index date: first prescription of OAC after the enrolment.
Ramagopalan | Spanish EHR records from primary and hospital centres. PSM, no info on sensitivity 2160 /2160 (acenocoumarol as the VKA)
SV 2019 NVAF patients, with Rx for apixaban or VKA (acenocoumarol | Censored at treatment switch or discontinuation. 28.2% of apixaban VK A-experienced, all of
(114) or warfarin) Jan 2015 to Dec 2017. Patients who started VKA and switched to DOAC other VKA arm VKA-experienced.
Patients prescribed apixaban who had switched from VKA and | than apixaban during follow-up excluded. Max follow-up 4y
vice versa eligible for inclusion. No trial emulation Stroke/SE 0.54 (0.38, 0.78)
Excluded: transferred to other centres, displaced or out of area; Major bleed 0.51 (0.37, 0.72)
permanently institutionalized; history of transient AF
(thyrotoxicosis, pericarditis), heart surgery, VTE, hip or knee
surgery in previous 6 weeks, valvular heart disease and/or
pregnancy; subjects with valvular AF (with prosthetic valves);
and end-stage renal disease, dialysis or kidney transplant.
Van Ganse E French National Health System claims data (SNDS, note PSM 1:n; Sensitivity: i) matching on high-dimensional 68 208 / 107 558
2020 (115) SNDS did not have clinical history, clinical or paraclinical PS; ii) adjustment on PS; and iii) adjustment on known Max follow-up 3y, median 218 days for

examination (tobacco smoking, blood pressure level, BMI,
etc), lab results).

Adult patients with NVAF using OAC Jan 2014 to Dec 2016.
AF diagnosed in the 2yrs prior to index date (first Rx in study
period).

confounders.

Cumulative incidence rates account for competing risk of
death using Fine and Gray models.

Censored at treatment switch or discontinuation.

No trial emulation

VKAs, 213 days for apixaban.
Stroke/SE 0.60 (0.56-0.65)
Major bleed 0.43 (0.40-0.46)
All-cause death 0.44 (0.42, 0.45)
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First author

Data source

Methods used

Cohort size Apixaban/VKA

and year of Population Follow-up
publication Key results
Excluded: multiple OAC Rx on index date, multiple doses or Additional sensitivity using modified definitions of
prescribers at index date, patients possibly treated for outcomes: addition of transfusion for bleeding; and for
indications other than stroke prevention in NVAF, any use of effectiveness outcome, exclusion of haemorrhagic stroke.
the same OAC in the 2 yrs prior to index date .
Warkentin L German health insurance data aHRs as primary, PSM as sensitivity 23343/20179
2023(116) NVAF patients with a first prescription for OAC 2015-2018 Stroke/SE outcome excluded ICH (14 939/ 14 939 for PSM analysis)

(no OAC Rx in prior 12 months),

Excluded: warfarin as VKA (only phenprocoumon included),
reduced-dose DOAC, patients with >1 OAC or different doses
at index, patients with < 12 months follow-up (unless died)

Censored at treatment switch or dose change or
discontinuation. No trial emulation

Discussion notes PREFER IN AF study showed patients
with phenprocoumon higher TTR (79%)(117)

Thromboembolic event 1.08 (0.94, 1.25)
Death: 0.95 (0.87, 1.05)

Major bleed: 0.54 (0.46, 0.63)

All-cause death 0.95 (0.87, 1.05)

Region: Asia

Kohsaka S Japanese 275 hospital EHRs PSM, no information on sensitivity 5977/ 5977
2017 (118) New users with AF No information on censoring Max follow-up ly
No information on excluded groups No trial emulation Major bleed 0.59 (0.42-0.82)
Cha MJ 2017 | Korean National Health Insurance Service database PSM, no sensitivity, supplementary subgroup analyses 2189/ 4378
(119) New and prevalent users with AF (subgroup analysis) Not censored for discontinuation — ITT used but Max follow-up 2y
Excluded: stroke, TIA, or ICH within 10-years prior to study switchers excluded Ischemic stroke/ICH 0.51 (0.28- 0.82)
start No trial emulation All-cause death 0.32 (0.18, 0.53)
Chan YH Taiwan National Health Insurance Research Database IPTW, no sensitivity analyses 5843/ 19 375; 4y 7m max follow-up
2018 (120) New users with AF, Did not censor at treatment switch or discontinuation Ischemic stroke/SE 0.55 (0.43, 0.69)
Excluded: valvular AF, VTE (PE or DVT) or joint replacement | No trial emulation Major bleed 0.41 (0.31, 0.53)
6m prior, ESRD, age <30 yrs All-cause death 0.58 (0.51, 0.66)
Kohsaka S Japan EHRs claims data from 314 acute-care hospitals PSM, no sensitivity analyses 11972/ 11972
2018 (121) AF patients newly initiated (no prescription during the 180-day | Censored at treatment switch or discontinuation Max follow-up 6y 4m
blanking period) No trial emulation Stroke/SE 0.64 (0.48, 0.85)
Excluded: valvular AF, postoperative AF, hyperthyroidism or Major bleed 0.66 (0.51, 0.85)
thyrotoxicosis, ESRD or pregnancy
Kohsaka S Japanese health claims from 372 acute care hospitals IPTW. Sensitivity: 1) restricting follow-up to 1 year, ii). 22 336/15902
2020 (122) (Medical Data Vision Co Ltd). 1:1 PSM used. Max follow-up 2y

Adult patients with NVAF, OAC Mar 2011 to July 2018 and
no OAC during baseline (year preceding index date).
Excluded: valvular AF, postoperative AF, AF associated with
mechanical valve malfunction or complication of heart valve
prosthesis or rheumatic AF, hyperthyroidism or thyrotoxicosis,
procedures involving prosthetic heart valves during baseline
period, dialysis, pregnancy.

Censored at treatment switch or discontinuation.
No trial emulation

Stroke/SE 0.65 (0.558, 0.766)
Major bleed 0.72 (0.614, 0.843)

AF=atrial fibrillation; aHR=adjusted hazard ratios; BMI=body mass index; DOAC=direct-acting oral anticoagulant; DVT=deep vein thrombosis; EHR=electronic healthcare record; ESRD= End stage renal disease;
ICH=intracranial haemorrhage; IPTW=inverse probability of treatment weighting; ITT=intent-to-treat; max=maximum; MI= myocardial infarction; OAC=oral anticoagulant; m=month; ND=no data; NVAF=non-

valvular atrial fibrillation; PE=pulmonary embolism; PSM=propensity score matching; Rx=prescription; SE = systemic embolism; TIA=transient ischemic attack; VKA=vitamin K antagonist; VTE=venous
thromboembolism; y=year. Valvular heart disease=rheumatic mitral stenosis, mechanical or bioprosthetic heart valve, or mitral valve repair.




3.3.2.1. Methods comparisons

All of the studies used suitable methods such as PSM, IPTW, or adjustment of the HRs to
control for confounding for their primary analysis (the only study that presented crude HRs
only for the apixaban vs VKA comparison(113) did use suitable methods for their primary

analysis involving pooled DOACs:).

Twenty-two of the studies reported censoring patients that switched or stopped treatment to
estimate ‘on-treatment’ estimates; using this approach alone could result in biased estimates
if there were any differential switching conditional on intercurrent events. For example,
should a patient develop a contra-indication to DOACs during follow-up (such as a diagnosis
of mitral stenosis, placement of a mechanical heart valve, or severe renal impairment) then
such patients would be more likely to switch treatment from a DOAC to a VKA and be
censored at this timepoint compared with users of VKA with the same diagnosis that could
continue on their index treatment. Many of the contra-indications to DOAC treatment are
associated with an increased risk of ischemic and/or bleeding events meaning censoring at
treatment switch would be informative censoring potentially leading to biased estimates
making warfarin look worse. In addition, one study (116) censored patients if they had a
change in the dose of their index DOAC which could also lead to bias given that the
indications for DOAC dose reduction (such as old age and reduced kidney function) are

related to outcomes of interest.

Acting in the opposite direction there is a risk of patients doing badly on warfarin (for
example those with minor bleeding or low TTR) being more likely to switch to a DOAC
during follow-up which could lead to informative censoring of users of warfarin leading to an

overestimate of the relative benefit of warfarin. Such switching of warfarin users may also
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impact any ‘intent-to-treat’ analyses if the warfarin users that switched experienced lower

event rates on the DOAC than they would have experienced had they stayed on warfarin.

The relative impact of these two directions of bias resulting from treatment switching
depends on the relative occurrence of these events during follow-up and it is difficult to
ascertain the potential impact without summaries of the timing and reason for switching.
Seven studies reported performing sensitivity analyses using a shorter follow-up time limit
(82)(91)(92)(96, 97, 104)(115); such an approach could help ascertain the impact of treatment
switching on treatment effect estimates depending on the distribution of time to treatment

switch.

Some studies (101) (114) attempted to remove the impact of treatment switching by
excluding patients that switched treatment during follow-up; this could lead to selection bias

as treatment switching is likely related to outcomes.

3.3.2.2. Primary efficacy endpoint comparisons

Twenty non-interventional studies reported the primary efficacy endpoint of stroke/SE, of
which 6 showed results consistent with the reduced risk with apixaban compared with
warfarin demonstrated in ARISTOTLE (using the non-interventional study 95% confidence
intervals (CI) intersecting the confidence interval from ARISTOTLE HR 0.79, 95% CI
[0.66—0.95] as the definition of ‘consistent’). Five studies reported larger treatment effects
not consistent with the 95% CI of ARISTOTLE (with point estimates for the hazard ratios
ranging from 0.40 to 0.60, though notably 4 of these were in patients aged 65 or older using
US Medicare (92, 95), or Medicare and Medicaid combined (96, 99), and the other study
used French EHRs (115). Other than 2 studies (HRs 0.92 in Swedish EHRs (110) and 0.90 in
Italian EHRs (113)) all hazard ratios were lower (range 0.40 to 0.77) than the ARISTOTLE

estimate of 0.79 indicating the non-interventional studies were detecting a larger protective
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effect than the trial. Five studies reported a different endpoint of ischemic stroke or SE all
finding no significant difference between apixaban and warfarin (HRs ranged from 1.01(107)
to 1.19(103)) comparable to the ARISTOTLE endpoint of ischemic or uncertain type of
stroke which showed no difference (0.92 [0.74—1.13]). These results reflect that the primary
reduction in the stroke/SE endpoint comes from the superior safety of apixaban (lower
haemorrhagic stroke risk) rather than superior efficacy. Other possible explanations for the
higher relative risk for ischemic stroke on apixaban in the non-interventional studies include
underdosing where patients suitable for standard dose apixaban are prescribed the reduced
dose (for example Steinberg et al found 9.4% of NOAC patients were underdosed in an AF
registry study(123), and Harrington et al 2022 found 61% of patients prescribed reduced-dose
apixaban did not meet the criteria for dose reduction, and these patients were at higher risk of
ischemic stroke (124)), and the possible lower drug adherence in real life compared with trial
conditions (a study in US claims data by Brown et al found adherence to apixaban of 82% as

proportion of days covered by prescriptions (125))

3.3.2.3. Primary safety endpoint comparisons

Thirty-two studies reported results for the primary safety endpoint of major bleeding with
most broadly comparable with the ARISTOTLE result (0.69 95% CI [0.60—0.80]); all but 3
studies reported hazard ratios lower than ARISTOTLE (HRs ranged from 0.41 to 0.79) and
only 4 studies reported results (0.41 [0.31-0.53], 0.45 [0.34-0.59], 0.51 [0.44, 0.58], 0.43
[0.40, 0.46]) not consistent with ARISTOTLE (all suggesting a greater safety margin for
apixaban than detected in ARISTOTLE). All other bleeding endpoints for which there were
non-interventional study estimates (intracranial, other location, gastrointestinal, and any
bleeding) also showed similar lower risk for apixaban vs. warfarin as expected from

ARISTOTLE.
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3.3.24. Secondary effectiveness endpoints comparisons

Results for other key outcomes including MI and all-cause death showed a lower risk for
patients treated with apixaban versus VKAs consistent with the trial but with the effect size
sometimes exceeding that shown in the trial. Several studies reported much larger reductions
in the risk of all cause death on apixaban vs warfarin (for example HRs of 0.32, 0.44, 0.47,
and 0.58 vs ARISTOTLE HR 0.89). Two studies suggested a benefit for apixaban vs warfarin
in excess of that observed in ARISTOTLE for the risk of MI (HRs of 0.28 and 0.33 vs
ARISTOTLE HR 0.88). Potential reasons for these studies showing larger reductions in the
risk of death and MI on apixaban vs warfarin when compared with the ARISTOTLE results

are given in the next section.

The only outcome other than ischemic stroke or SE to show no benefit for apixaban over
warfarin across multiple studies was ischemic or uncertain type of stroke. In ARISTOTLE
there was no difference for this outcome (0.92 [0.74—1.13]); likewise, in the non-
interventional studies no difference was found between treatments with all confidence
intervals crossing 1 other than 2 studies that showed lower risk for apixaban. Five studies
reported a HR showing a higher risk of ischemic stroke with apixaban (estimates ranged from

1.11[10] to 2.04[14]) though in all cases this difference was not significant.

3.3.3. Summary of methods and key characteristics of the non-
interventional studies

Table 3.1 summarises the methods used and key characteristics of the studies. Most (n=23)
studies used PSM to control for confounding, inverse probability of treatment by propensity
score weighting was used in 6 studies and calculation of hazard ratios adjusted for baseline
covariates in 8 studies. One study used Mahalanobis distance matching and one study used

random sampling of VKA cases within propensity score quintile strata to obtain the same
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number of VKA as apixaban users within each stratum, with adjusted hazard ratios. One
study (Marietta 2019(113)) presented crude HRs only for the individual DOAC vs VKA
comparisons though did use PS methods for the study’s primary comparison which involved

pooled DOAC:s.

One of the studies evaluated the potential for residual confounding by performing a ‘negative
control analysis’ using outcomes expected not to be associated with treatment (such as
pneumonia and hip fractures). Negative control outcomes are assumed to have i) no causal
relationship with the treatments being compared and ii) to have the same confounding
structure as the treatments and main study outcome of interest. Analysis of negative controls
can be used in non-interventional studies to detect potential bias that may have occurred due
to unmeasured confounding (since we expect to see no association between the treatments
and the negative outcome if there is no confounding) (126); however it can be difficult to
assess the validity of the assumption that the negative outcome selected shares the same
confounding structure as the treatments and outcome of interest. In the studies which used
negative outcome analysis the negative outcomes did not falsify (the a priori null hypothesis
of neutral associations was generally rejected) indicating possible residual confounding after

applying the inverse probability of treatment weighting.

The five studies that found lower point estimates for the relative risk of stroke or SE (0.44,
0.48, 0.40, 0.46, and 0.60) with CIs that did not overlap with ARISTOTLE (upper limits of
0.64, 0.62, 0.52, 0.56, and 0.65 vs ARISTOTLE 95% CI 0.66—0.95) were all in new users of
OACs and mostly conducted in patients aged over 65 years using US data (4 of the studies, 2
in US Medicare and 2 in US Medicare and Medicaid combined) with 1 study using French
EHRs. The greater treatment effect observed may have been due to this being a higher risk

population and the warfarin arm consisting solely of new users with the heightened risk of
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stroke and bleeding around the time of warfarin initiation, with a study by Azoulay et al 2014
in CPRD data showing a 71% increased risk of stroke in the first 30 days post-initiation of
warfarin compared with non-use whereas a 50% decreased risk was observed >30 days post-

Initiation.

Four studies found a reduced risk of major bleeding (HRs 0.41(120), 0.45 (82), 0.51 (96),
0.43(115)) with CIs that did not overlap with ARISTOTLE (upper limits of 0.53, 0.59, 0.58,
and 0.46 vs ARISTOTLE 0.69 [0.60-0.80]). The Chan study(120) was conducted in Asian
people (Taiwan); previous studies have shown Asian people may be more sensitive to
warfarin leading to a higher risk of intracranial haemorrhage (ICH) than people of other
ethnicities (127) and subgroup analyses of pivotal trials in DOAC in Asian people showed
that DOACs displayed better efficacy and safety in Asian people than in people of other
ethnicities (128). The Chan study used inverse probability score weighting however it is also
possible that residual confounding by unmeasured variables and selective prescribing could
have contributed to the treatment effect observed. Patients were censored at first occurrence
of any study outcome which may have biased the results if one treatment was more likely to
cause one type of event as other events would not be detected. The Yao study (82) was
conducted using US insurance and Medicare Advantage patients and used an on-treatment
analysis approach censoring patients at discontinuation or switch of treatment. The Amin
study (96) also used US data (Medicare and Medcaid) and was restricted to patients aged >
65 years, a population which may be at higher risk of bleeding on warfarin. Finally the Van
Ganse study (115) was a large study using French EHRs, the higher risk of bleeding on
warfarin in this study compared to ARISTOTLE may be attributable to the older age of the
cohort and to lower quality of INR control in France (Cotte et al 2014 in a study using
European primary care databases found 52% of patients with NVAF on VKA in France had a

TTR < 70% compared with only 35% of patients in the UK (129)).
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Both studies that reported a stronger protective association between apixaban and MI (HRs of
0.28 and 0.33) involved small sample sizes (723 and 835 PSM pairs respectively) and
therefore had relatively wide confidence intervals which covered the possibility of a result
consistent with ARISTOTLE (upper limit of 95% CI 0.99 and 1.03 respectively versus
ARISTOTLE HR estimate of 0.88). In both studies patients who switched to another OAC
during the 1-year follow-up period were excluded from the cohort prior to propensity score
matching. This exclusion may have introduced selection bias into the studies, for example if
the patients that were healthier during the follow-up were more likely to switch from warfarin
to apixaban then this approach would be dropping the warfarin patients less likely to
experience an outcome whereas those with contra-indications to DOACs (such as worsening
kidney function) would be more likely to be selected into the warfarin arm of the cohort.
Both these studies and another study[13] which reported a stronger protective association
with all cause death (0.32 vs ARISTOTLE 0.89) excluded patients who had a history of
thromboembolic events or ICH with study [24] also excluding patients with prior MI; in

ARISTOTLE approximately 20% of patients had prior stroke or TIA.

For the outcome of death from any cause ARISTOTLE reported an 11% lower risk for
apixaban vs warfarin [0.89 (0.80, 0.998)]. Eight of the non-interventional studies reported
this outcome with 5 of these showing a protective effect of apixaban in excess of that
predicted by ARISTOTLE ranging from a 35% reduction to a 68% reduction in risk of death
(HRs 0f 0.32 (119), 0.47 (107), 0.58 (120), 0.65 (101), and 0.44 (115) with corresponding
upper limits of the CI of 0.53, 0.76, 0.66, 0.75, and 0.45); these treatment estimates came
from a range of different countries (Korea, Denmark, Taiwan, Denmark, and France
respectively). It is difficult to ascertain to what extent these estimates represent real causal
differences in benefit compared with the RCT due to differences in the relative risks and

benefits in the populations included in these studies vs limitations from the methods used
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such as residual confounding or bias contributing to the differences. A comparison of the
causes of death between the treatment arms would be useful to aid understanding of the cause
of these large differences in death rate — if most of the excess death in the VKA arms was
caused by death due to stroke or bleeding complications this may suggest the increased

benefit observed was a true effect and not caused by bias or confounding.

The most relevant study for the objective of this thesis was the emulation of ARISTOTLE
using US claims data by the RCT-DUPLICATE initiative. Wang et al reported results from a
large cohort of ARISTOTLE-eligible patients from several US Claims databases. The
patients were propensity score matched enabling balance across a high number of covariates.
Wang et al (16) found results consistent with ARISTOTLE though they found a slightly
larger benefit of apixaban vs warfarin for stroke/SE based on the point estimates (on-
treatment 0.68 (0.61, 0.76) and ITT sensitivity 0.73 (0.67, 0.79) in RCT-DUPLICATE vs
0.79 (0.66, 0.95) in ARISTOTLE ITT). A comparison of the RCT-DUPLICATE cohort
against the ARISTOTLE participants reveals differences in the proportion of patients aged >
75 years (59% vs 31% in ARISTOTLE), and the proportion of female patients (52% vs 35%
in ARISTOTLE), ethnicity, and concomitant medications at baseline (Table 3.2). RCT-
DUPLICATE excluded patients with warfarin or apixaban prescriptions in the 180 days prior
to index date meaning continuing users of warfarin were not included in the cohort whereas
ARISTOTLE had 57% of participants that were VKA-experienced (and had been randomised
to continue on warfarin or switch to apixaban). VKA-experienced patients may be expected
to have superior control of their warfarin therapy compared to new users given the time taken
to find an optimal dose for a patient and familiarity with the lifestyle adjustments required on
VKA therapy (such as consideration of food and alcohol interactions with VKA). The RCT-
DUPLICATE ARISTOTLE emulation had a relatively short median follow-up time of 98

days.
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Table 3.2 Comparison of baseline characteristics of ARISTOTLE RCT and RCT-
DUPLICATE emulation of ARISTOTLE

ARISTOTLE RCT-DUPLICATE
Characteristic - % unless Apixaban Warfarin Apixaban Warfarin
specified (N=9120) (N=9081) (N =110 259) (N =110 259)
Age — years , mean (SD) 69.1 (9.61) 69.0 (9.74) 76.1 (8.98) 76.2 (8.92)
Female sex 35.5% 35.0% 52.2% 52.3%
Qualifying risk factors
Age > 75 years 31.2% 31.1% 59.0% 59.4%
Diabetes 25.0% 24.9% Approx. 25% Approx. 25%
Hypertension req. treatment 87.3% 87.6% Approx. 87.1% Approx. 87.2%
Medications at index date
Digoxin 32.0% 32.1% 10.9% 14.3%
Statin 45.0% 45.1% 55.5% 55.4%
Non-steroidal anti-inflammatory 8.2% 8.5% 11.5% 11.4%
Ethnicity
White 82.6% 82.5% 92.7% 92.7%
Black 1.4% 1.1% 3.5% 3.5%
Asian 14.4% 14.7% 1.0% 1.0%
Other 1.6% 1.7% 2.8% 2.8%

Source: C B. Granger et al. Apixaban versus Warfarin in Patients with Atrial Fibrillation. N Engl J Med 2011;
365:981-992, doi: 10.1056/NEJMo0al107039

SD = standard deviation

3.3.3.1.

Impact of data source

The studies identified used a wide range of different non-interventional data sources, there

are differences between commercial claims data and EHR data that have an impact on the

interpretation of the treatment effect estimates. Electronic healthcare records tend to have a

long follow-up of patients and depending on the country (eg UK and Sweden) may have data
from birth on the patients included in the databases providing a rich source of information for
the derivation of covariates. Healthcare systems like the UK’s NHS lead to data sources that
should be representative of the patient population in that country whereas commercial
insurance-based data sources may only represent a younger subset of the population with
higher socioeconomic status. Some data sources such as US Medicare contain data from only
patients aged 65 and older or younger patients with certain conditions. Thus the different data

sources can contain different subsets of the full patient population for the target indication.
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The data source impacts the sample size with the nationalised health services such as in the
UK resulting in large datasets whereas some countries have a more fragmented healthcare

system leading to smaller datasets such as the Italian regional studies.

Whereas in EHRs the filling of a prescription may not be captured (such as in the UK data
sources), the insurance claims data does provide this information which may increase the
likelihood of accurate ascertainment of exposure. US insurance claims data sources can have
relatively short duration of follow-up if patients are lost from the system when they change
provider. Some data sources contain rich lifestyle information and demographic data, such as
UK data which typically has ethnicity, smoking, and alcohol consumption recorded.
Furthermore, differences in healthcare infrastructure between difference geographical regions
can have a large impact, particularly in this therapeutic area in which the quality of warfarin
therapy has been shown to vary widely between countries. Ethnicity can differ between the

data sources adding a further source of variation to consider.

3.4. Conclusions

All of the non-interventional studies reported a lower risk of the primary efficacy (stroke/SE)
and safety (major bleeding) outcomes for patients on apixaban compared with VKA with
most studies reporting larger treatment effects than those observed in ARISTOTLE. Most of
the non-interventional studies results were consistent for the primary efficacy and safety
outcomes with only a few studies reporting hazard ratios and confidence intervals that did not
overlap with the ARISTOTLE results. There were some key differences between the study
designs and the ARISTOTLE trial design. Most notably the majority of studies used a new
user design whereas in the trial 57% of subjects had prior exposure to a VKA; this may have
impacted the results given the expected time to achieve good INR control following VKA
initiation. Only one of the studies used UK data meaning that the proposed project will

provide useful evidence on the effectiveness of apixaban compared with warfarin in UK
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clinical practice and provide insight into the consistency of treatment estimates from different

studies and methods using data from the same country.

Some studies excluded patients who switched treatment during the first year after initiation of
apixaban or warfarin. Excluding such patients introduces a risk of biasing the results as it is

possible that patients who switched treatment were those not tolerating the drug.

Whilst most studies used inclusion and exclusion criteria broadly similar to those used in
ARISTOTLE only 1 study attempted to emulate ARISTOTLE by applying the trial eligibility
criteria. None of the studies matched from the RCT population to the non-interventional
cohort as planned by this project; the RCT-DUPLICATE emulation of ARISTOTLE used a
cohort of patients that differed from the ARISTOTLE participants on age, sex, and many
other characteristics. By matching to the RCT population and following an analysis approach
as similar as possible to that used in the trial the results obtained should elucidate the
difference between the UK real world effectiveness compared with the trial efficacy. RCT-
DULICATE did not follow the successful benchmarking of their results to extend the study to
patient groups underrepresented in or excluded from ARISTOTLE which is an analysis that

can be explored in this project.

Most studies used propensity score matching to control for confounding. As part of this

project propensity score matching and other methods will be explored.

Only 1 study tried to emulate the ARISTOTLE trial by applying the same eligibility criteria
while many other studies used similar exclusion criteria. None of the studies matched to the
trial participants. Many of the studies compared the results obtained with the ARISTOTLE
results as part of the discussion section, however no studies other than the RCT-DUPLICATE

emulation of ARISTOTLE assessed the validity of the results against a set of prespecified
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criteria. RCT-DUPLICATE did not extend the analysis to underrepresented groups following

benchmarking.

3.5. Limitations of review

This review was limited to studies including apixaban, the methods used in studies reporting
results for pooled DOACs groups and other individual DOACs may also have relevance to
the overall project though the methods are likely to be similar to the studies included in this
review. References may have been missed, however, the search was performed on multiple
databases, a grey literature search was performed, and the search updated to ensure no recent

studies were missed.

3.6. Summary

This chapter summarised the results of the scoping literature review looking at non-
interventional studies comparing apixaban against warfarin for the prevention of stroke in
patients with AF. I found that whilst there have been many non-interventional studies looking
at apixaban effectiveness only 1 applied the ARISTOTLE eligibility criteria, no studies
matched to the baseline characteristics of the ARISTOTLE trial population, and only 2
studies included prevalent users of warfarin, and no studies extended the analysis after
performing benchmarking against ARISTOTLE. The only study that emulated ARISTOTLE
and benchmarked their results did not extend the analysis to under-represented or excluded
patient groups. The wide range of treatment estimates observed showed the difficulty in
drawing conclusions from non-interventional studies and suggested differences between
countries as being important given observed differences in treatment risks and benefits by
ethnicity and differences in the quality of VKA therapy between countries. The approach
taken to account for treatment switching during follow-up is also likely to have contributed to

the differences in treatment estimates seen given the risk of informative censoring for these
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treatments in this indication. The existence of treatment switching associated with 1)
development of contraindications to DOAC therapy and ii) increased likelihood of switching
from VKA to DOAC in cases where a patient has evidence of doing badly on warfarin means
this bias could act in two possible directions. The next chapter will present the methods for

the creation of an ARISTOTLE-analogous cohort of patients in CPRD Aurum.
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Chapter 4  Methods for the emulation of ARISTOTLE
in CPRD Aurum

This chapter will describe the methods employed to emulate the ARISTOTLE RCT
using EHR data (CPRD Aurum linked to ONS and HES) including the protocol(1)
followed by more detailed information on the methods:

- The protocol paper published for this study which summarises the planned
methods at a high-level and serves as an introduction to this chapter.

- Determination of benchmarking criteria for the trial emulation.

- Derivation of code lists, treatment windows, algorithms used in baseline
covariate classification, and application of the trial eligibility criteria to the
cohort.

- Additional information on the methods used in selecting a subset of apixaban
users in CPRD Aurum matching the ARISTOTLE trial apixaban arm
participants

- Additional information on the method chosen for inclusion of prevalent users of
warfarin.

- Analysis of outcome measures and sensitivity analyses.

A later chapter (Chapter 6) will cover any modifications to the methods used and results

obtained in looking at special patient populations.
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4.1. Paper 1: Real world effects of medications for stroke prevention in
atrial fibrillation: protocol for a UK population-based non-
interventional cohort study with validation against randomised trial
results

Emma Powell!, lan Douglas', Usha Gungabissoon?, Liam Smeeth!, Kevin Wing!
"Department of Non-communicable Disease Epidemiology, Faculty of Epidemiology and Population Health,
London School of Hygiene and Tropical Medicine, London, UK

2GlaxoSmithKline, London, United Kingdom
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4.2. Introduction to Paper 1

Summary

Chapter 3 reviewed existing non-interventional studies assessing effectiveness of apixaban
compared to VKA therapy in terms of the populations studied, methods used, and results, and
how these compared with the ARISTOTLE trial. It was noted only 1 study (RCT-
DUPLICATE) tried to emulate the ARISTOTLE trial and assess the validity of the results
against a set of prespecified criteria. The RCT-DUPLICATE emulation of ARISTOTLE did
not match to the baseline ARISTOTLE patient characteristics, used US claims data, excluded
prevalent users, and had a relatively short median follow-up time. In this chapter a protocol
for the proposed study using CPRD Aurum and Gold data linked to HES and ONS to emulate
the ARISTOTLE trial is presented. The protocol paper summarises the objectives of the
study, data sources used, study design, validation criteria, and methods. The protocol paper
was published in April 2021 in BMJ Open; in the paper the term ‘replicate’/’replication’ was
used as this was the terminology being used early on in this PhD, throughout the rest of the
thesis and in the results paper the term ‘emulate/emulation’ is used instead to align with the
terms most commonly used by other researchers in this area. Where ‘replicate/replication’ is

used in the protocol paper this can be considered to equate with the term ‘emulate/emulation’.

Thesis objectives addressed

This chapter describes the analyses that were planned in addressing the following objectives
of the overall thesis (Section 1.3):
1. Emulate the reference trial ARISTOTLE comparing apixaban to warfarin for
prevention of stroke in atrial fibrillation in UK EHRs including application of the trial
eligibility criteria, matching to the baseline characteristics of the participants in the

reference trial, and assessing the validity of the results and methods by benchmarking.
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2. To explore different methods in the emulation of the reference trial including different

methods of matching and the inclusion of prevalent users.

Role of candidate

I drafted the paper providing a summary of the planned analyses, I wrote the ISAC protocol
this paper was based on and a more detailed Statistical Analysis Plan submitted to Bristol-
Myers Squibb in the application for the individual patient trial data. Kevin Wing (KW)
provided an example protocol previously published in the BMJ Open based on the emulation
of a COPD trial (130); his work helped inform the rationale for this PhD along with guiding
the high-level plan of this trial emulation work and served as an example on what details to
include in the protocol paper. lan Douglas (ID), Usha Gungabissoon (UG) and KW provided
guidance on the data sources, methods, and the strengths and limitations of the proposed
study.

I performed the feasibility work involved in developing the protocol including review of the
RCT protocol, development of appropriate codelists to apply the trial eligibility criteria to the
EHR databases, and application of trial criteria to a sample of CPRD Gold data to estimate
the cohort sample size. ID, UG, and KW advised on the implementation of the trial eligibility
criteria. Liam Smeeth (LS) provided guidance as a clinician in the development of some of
the codelists in particular in terms of which recorded symptoms and diagnoses a GP may
consider clinically relevant in assessing a patient’s risk of bleeding. The paper was finalised

after review and suggested updates and comments from ID, UG, LS, and KW.
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ABSTRACT

Introduction Patients with atrial fibrillation
experience an irregular heart rate and have an
increased risk of stroke; prophylactic treatment

with anticoagulation medication reduces this risk.
Direct-acting oral anticoagulants (DOACs) have

been approved providing an alternative to vitamin K
antagonists such as warfarin. There is interest from
regulatory bodies on the effectiveness of medications
in routine clinical practice; however, uncertainty
remains regarding the suitability of non-interventional
data for answering questions on drug effectiveness
and on the most suitable methods to be used. In this
study, we will use data from Apixaban for Reduction
in Stroke and Other Thromboembolic Events in Atrial
Fibrillation (ARISTOTLE)—the pivotal trial for the DOAC
apixaban—to validate non-interventional methods for
assessing treatment effectiveness of anticoagulants.
These methods could then be applied to analyse
treatment effectiveness in people excluded from or
under-represented in ARISTOTLE.

Methods and analysis Patient characteristics from
ARISTOTLE will be used to select a cohort of patients
with similar baseline characteristics from two UK
electronic health record (EHR) databases, Clinical
Practice Research Datalink Gold and Aurum (between
1 January 2013 and 31 July 2019). Methods such

as propensity score matching and coarsened exact
matching will be explored in matching between EHR
treatment groups to determine the optimal method of
obtaining a balanced cohort.

Absolute and relative risk of outcomes in the EHR
trial-analogous cohort will be calculated and compared
with the ARISTOTLE results; if results are deemed
compatible the methods used for matching EHR
treatment groups can then be used to examine drug
effectiveness over a longer duration of exposure and
in special patient groups of interest not studied in the
trial.

," lan J Douglas,’ Usha Gungabissoon

.2 Liam Smeeth,’

Strengths and limitations of this study

» Selection of electronic health record patients
matched to the randomised controlled trial (RCT)
patients allows assessment of the ability of non-
interventional methods to detect effectiveness of
treatments for stroke prevention in atrial fibrillation
(AF) within an RCT-analogous population.

» Combined Clinical Practice Research Datalink
(CPRD) Gold and Aurum population broadly repre-
sentative of the patients prescribed apixaban and
warfarin for AF in routine clinical practice in the UK.

» Some of the criteria that were assessed for
ARISTOTLE eligibility may not be well recorded in
CPRD.

» Adherence to medication will need to be assessed
based on proxy variables (time covered by prescrip-
tion for the direct-acting oral anticoagulants, time in
therapeutic range based on international normalised
ratio measurements for warfarin); the different na-
ture of these proxy variables means the adherence
estimates may not be comparable.

» Ascertainment of outcomes via CPRD is based on
recording as part of routine clinical care rather than
for specifically detecting study outcomes.

Committee of the UK Medicines and Healthcare
Products Regulatory Agency. Results will be
disseminated in scientific publications and at relevant
conferences.

INTRODUCTION

Background and rationale

Atrial fibrillation (AF) is a common cause of
cardiac arrhythmia with symptoms including
palpitations, fainting and shortness of breath;
however, some patients may be asymptomatic.

Emma Maud Powell: Ethics and dissemination The study has been The prevalence of AF in the UK is estimated
maud.teoh@Ishtm.ac.uk approved by the Independent Scientific Advisory to be around 3%,’ increasing from 0.2% in
BM J Powell EM, et al. BMJ Open 2021;11:2042947. doi:10.1136/bmjopen-2020-042847 1
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people aged 45-54 years to 8.0% in those 75 and older.”
The lack of organised atrial contraction in AF can lead to
the formation of thrombi, meaning that patients with AF
have a fivefold higher risk of stroke which is an important
cause of morbidity and mortality.””

Current UK guidelines recommend use of prophylactic
treatment with anticoagulation medication to reduce the
risk of stroke. Warfarin, a vitamin K antagonist (VKA) and
the previous standard anticoagulant treatment, has many
treatment and dietary interactions requiring frequent
monitoring of a patient’s international normalised ratio
(INR), to maintain anticoagulant activity within a narrow
range (2.0-3.0). Low levels put the patient at a higher risk
of stroke while high levels lead to a higher risk of bleeding.s
In 2011, the first direct-acting oral anticoagulant (DOAC)
dabigatran was approved for the treatment of AF in the
European Union (EU); it was anticipated to provide easier
to manage long-term anticoagulation therapy for patients
with AF given the complex safety profile of warfarin. ARIS-
TOTLE, a pivotal randomised controlled trial (RCT)
of the DOAC apixaban, demonstrated superiority over
warfarin for both prevention of stroke and safety (major
bleeding) among individuals with AF

The generalisability of the ARISTOTLE trial is limited
by the strict eligibility criteria; evidence on apixaban’s
treatment effect is therefore lacking for patients who
would not have met the eligibility criteria such as those
at increased bleeding risk or with severe comorbid
conditions. The regulatory environment now demands
evidence of treatment effectiveness outside the confines
of randomised trials.” ¥ Non-interventional data sources
have the potential to overcome many of the RCT limita-
tions given that they contain data for a wide spectrum of
patients treated with the drug in routine care, including
patients who would have been not eligible for trials. Data
collected as part of routine patient care such as electronic
health record (EHR) provide a valuable opportunity to
obtain evidence on the effectiveness of apixaban in a
routine care setting. A key problem with using these data
is that the absence of randomisation leaves them highly
susceptible to confounding making it difficult to have
confidence in the results.

To address this lack of confidence, this study will
apply innovative matching approaches to create a trial-
analogous non-interventional cohort for analysis. Records
from UK EHRs will be matched to ARISTOTLE patients
before using methods for matching between treatment
groups within the non-interventional EHR data, creating
an EHR population similar to the trial population that is
well balanced by treatment group. If successful, estimates
of effectiveness and safety of apixaban obtained from
analysis of this ARISTOTLE-analogous cohort should be
comparable with the results from the ARISTOTLE trial.
The non-interventional analysis methods used to obtain
these results may then be used to reliably estimate effects
in understudied AF patient groups.

AIMS AND OBJECTIVES

The aims of this study are (1) to measure the association
between anticoagulation treatments for stroke preven-
tion in AF and time to stroke, systemic embolism (SE),
myocardial infarction (MI), major bleeding and mortality
among an ARISTOTLE-analogous cohort of patients
from UK EHRs, and (2) to develop a methodological
framework with in-built validation for using observational
EHRs to answer questions about DOAC risks and bene-
fits in patients not included or under-represented in the
RCTs.

The specific objectives are to:

Objective 1. Check comparability of EHR data and
robustness of methods for measuring stroke prevention
medication effectiveness in an ARISTOTLE-analogous
cohort using data from EHR data and by comparing with
ARISTOTLE results.

Objective 2. Extension of trial findings: measure treat-
ment effects of apixaban in patient groups excluded from
ARISTOTLE.

Objective 3. Comparative effectiveness: compare treat-
ment effectiveness between multiple individual antico-
agulants (warfarin, apixaban, rivaroxaban, dabigatran)
in ARISTOTLE-eligible cohorts and in patient groups
excluded from ARISTOTLE.

METHODS AND ANALYSIS

Figure 1 (figure adapted from a study in realworld
effects of medications for chronic obstructive pulmonary
disease'’) provides an overview of the study, covering the
objectives and data sources used, and how RCT data will
be used in Objective 1 to validate methods for analysing
effectiveness of treatments for stroke prevention in AF
in non-interventional data. Should Objective 1 prove
successful the validated methods will be applied to unan-
swered questions in Objectives 2 and 3.

Study design

We will use a retrospective cohort study design using
longitudinal data to evaluate the effects of prescribing
apixaban versus warfarin and then versus other DOAGs
for prevention of stroke and SE in AF on key effectiveness
and safety outcomes using non-interventional primary
care data.

Setting/data sources

Patient data used in this study will be obtained from
several sources: primary care data on UK National
Health Service (NHS) patients from Clinical Practice
Research Datalink (CPRD) Gold and Aurum databases,
additional data on hospital events and mortality on
UK NHS patients with linked data from the Hospital
Episodes Statistics (HES) and Office for National Statis-
tics (ONS) databases, and results from the ARISTOTLE
trial.

Powell EM, et al BMJ Open 2021;11:¢042947. doi:10.1136/bmjopen-2020-042947
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Figure 1 Overview of study objectives and sources of data for the real-world effects of medications for stroke prevention

in AF study. AF, atrial fibrillation; CPRD, Clinical Practice Research Datalink; EHR, electronic health record; RCT, randomised
controlled trial. (A) Work performed by others prior to this study. ARISTOTLE: RCT that investigated effectiveness and safety

of apixaban vs warfarin in prevention of stroke and systemic embolism in AF patients. RCTs results inform clinical practice
despite only a subset (based on trial inclusion and exclusion criteria) of the total population of AF patients being included in the
RCTs of stroke prophylaxis treatments. (B) Work to be performed as part of this study. (1) Objective 1. A cohort of ARISTOTLE-
analogous patients will be selected from UK EHRs (CPRD Gold and Aurum), by matching EHR patients prescribed apixaban to
the apixaban patients included in the trial on baseline characteristics. EHR patients prescribed warfarin will then be matched

to the trial-analogous EHR apixaban patients. An analysis of the effectiveness of apixaban vs. warfarin on prevention of stroke/
systemic embolism will then be performed on this ARISTOTLE-analogous EHR cohort. If the results obtained are comparableto
those obtained in ARISTOTLE, this will serve as a validation step, showing that data from the non-interventional CPRD Gold and
Aurum sources can reliably be used to study stroke prevention treatment effects in AF. (2) Objective 2. The validated analysis
techniques used for Objective 1 will then be used to study UK EHR patients who would not have been eligible for inclusion in an
RCT or are under-represented in RCTs due to their age or presence of other comorbidities, for whom the comparative effects of
anticoagulants in stroke prevention in AF is unclear.(3) Objective 3. The validated analysis techniques used for Objective 1 will
then be used to compare effectiveness of apixaban vs warfarin, apixaban vsrivaroxaban and apixaban vs dabigatran.

ARISTOTLE

ARISTOTLE was a randomised, double-blind trial
completed in 2011, comparing apixaban with warfarin in
the prevention of stroke and SE. The trial included 18201
patients with AF and at least one additional risk factor for
stroke. The trial was designed to test for non-inferiority of
apixaban compared with warfarin, and showed apixaban
superiority for (1) the primary outcome of stroke or SE

(HR 0.79, 95% CI 0.66 to 0.95),” (2) the safety endpoint
of major bleeding (HR 0.69, 95% CI 0.60 to 0.80), and
(3) death from any cause (HR 0.89, 95% CI 0.80 to 0.99).
The ARISTOTLE findings led to the National Institute
for Health and Care Excellence (NICE) guidelines on
stroke prophylaxis in patients with AF recommending
apixaban as a treatment. Baseline patient characteristics

Powell EM, et al. BMJ Open 2021;11:2042347. doi:10.1136/bmjopen-2020-042947
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from ARISTOTLE will be used in selection of participants
in Objective 1.

CPRD Gold

CPRD Gold is a database containing anonymised data
from over 625 primary care practices across the UK
(approximately 13 million patient records) and is repre-
sentative of the UK population with respect to age, gender
and ethnicity."' Gold contains information on clinical
diagnoses, prescribing, referrals, tests and demographic/
lifestyle factors. General practices must meet prespecified
standards for research-quality data to contribute data.

CPRD Aurum

CPRD Aurum contains primary care records similar to
Gold but based on practices using EMIS software, whereas
Gold has data from practices using Vision software. CPRD
Aurum contains data on 19 million patients from 738
practices (10% of English practices) with 7 million active
patients."*

Selection of participants

Participants will be selected from CPRD Gold and Aurum
between 1 January 2013 and 31 July 2019. All patients will
need to have been registered with a practice contributing

research quality data for at least 6 months. Participant
selection criteria will then vary by objective as detailed
below.

Objective 1
An overview of each of the steps for participant selection
for Objective 1 is provided in figure 2.

Step 1

We will select all (HES and ONS linked) patients in the

EHR cohort (CPRD Gold and Aurum) who would have

met the following inclusion criteria for the ARISTOTLE

study, at least 6 months after patient registration in the
database on or prior to the index date:

» Diagnosis of AF.

» Age 18+ years.

» One or more stroke risk factors (age 75 years or older;
prior stroke, transient ischaemic attack or SE; conges-
tive heart failure; diabetes mellitus; hypertension).

In ARISTOTLE, patients randomised to apixaban were
new users of apixaban while both treatment arms were
allowed to be previous users of warfarin, with patients
stratified by prior warfarin/VKA exposure. To mirror
ARISTOTLE, we will assess trial criteria for apixaban

##: CPRD

CPRD Gold CPRD Aurum

, '

*% Bristol-Myers Squibb

apixaban or warfarin in study period

Combined EHR Cohort of AF patients prescribed

Step 1: Apply ~40% patients
ARISTOTLE trial

criteria

ineligible for inclusion

apixaban trial-
eligible (n>22,000)

Step 2i ARISTOTLE
Matched to apixaban patients
=S {n=9120)

Step 3
Matched to

warfarin trial-
eligible

ARISTOTLE-analogous
apixaban patients
(n~9000)

[l unmatered |

v

ARISTOTLE-analogous
warfarin patients
(n~9000)

Figure 2 Flow chart illustrating the assembly of a matched trial-analogous cohort of EHR patients. AF, atrial fibrillation; CPRD,

Clinical Practice Research Datalink; EHR, electronic health record.

4
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patients on the date of their first prescription of apixaban
while allowing patients prescribed warfarin to become
eligible at any warfarin prescription date during the study
period; furthermore, we will match ARISTOTLE in the
proportion of new versus prevalent users in both treat-
ment arms. We will then exclude patients who meet any
of the following ARISTOTLE study exclusion criteria prior
to their eligible-for-inclusion date:

» AF due to reversible causes.

» Mitral stenosis.

» Increased bleeding risk.

» Conditions other than AF requiring chronic
anticoagulation.

» Persistent, uncontrolled hypertension.

» Active infective endocarditis.

» Current treatment with aspirin >165 mg/day.

» Simultaneous current treatment with both aspirin

and a thienopyridine.

» Conditions likely to interfere with participation in the
trial or cause death within 1 year.

» Recentalcohol or drug abuse, or psychosocial reasons
making study participation impractical.

» Recent ischaemic stroke (within 7 days).

» Severe renal insufficiency.

» Alanine aminotransferase or aspartate aminotrans-
ferase >2x upper limit of normal (ULN) or total bili-
rubin 21.5x ULN.

» Platelet count £100x10°/L

» Haemoglobin <90g/L.

» Pregnancy or breast feeding.

Feasibility counts in Gold found approximately 60%
of patients with AF prescribed apixaban met the ARIS-
TOTLE trial criteria. Details of the algorithms used in
applying the trial criteria to the EHR data are given in the
online supplemental file.

Step 2

We will select a subset of apixaban patients from our EHR
pool to create a cohort that matches the ARISTOTLE
apixaban participants on a selection of the following base-
line characteristics:

> Age.

Sex.

Body mass index (BMI).

Systolic blood pressure (SBP).

Congestive heart failure or left ventricular systolic
dysfunction.

Hypertension requiring treatment.

Diabetes mellitus.

Prior stroke/thromboembolism.

Smoking status.

Alcohol consumption.

Level of renal impairment.

Prior VKA /warfarin exposure.

Labile INR in prior users of warfarin.

Concomitant use of: aspirin, antiplatelet or non-
steroidal anti-inflammatory drug, lipid-lowering drug
therapy, or CYP3A4 inhibitor.

yvyyy

YYyYYYYYYY

This step will generate a group of ARISTOTLE-
analogous apixaban patients, with similar baseline
characteristics to ARISTOTLE subjects at the point of
randomisation (n~9000).

The variables selected are expected to influence the
likelihood of the outcomes of interest. Exact selection
of matching variables will depend on the quality and
completeness of the data available and a balance will
be struck between matched sample size and balance.
Different methods to facilitate selection of a matched
cohort will be explored, such as propensity score matching
(PSM) and coarsened exact matching (CEM),” a non-
parametric method that may give estimates with lower
variance and bias for a given sample size compared than
other methods.™

Step 3

The resulting trial matched sample of EHR apixaban
patients will be matched to the warfarin ARISTOTLE-
eligible EHR patients (figure 2) using a matching method
such as PSM or CEM (final method selected based on
giving optimal sample size vs balance). Risk set sampling
will be employed in order to ensure similar duration of
prior VKA /warfarin exposure for the prevalent users in
the apixaban and warfarin EHR cohorts. The covariates
for consideration in matching between EHR treatment
arms or construction of a propensity score (PS) model will
include the variables listed in step 2 along with additional
EHR variables such as data source (Gold or Aurum),
socioeconomic status and comorbidities. Each apixaban
patient from the ARISTOTLE-eligible EHR patients will
be matched 1:1 with the warfarin EHR patient with the
closest match giving a trial-analogous cohort of ~18 000.

Step 4

The absolute rates and HR for the outcomes of interest
(time to: stroke/SE, MI, major bleeding and mortality)
will then be calculated. For the primary outcome (time to
stroke/SE) the EHR results will be validated against the
ARISTOTLE trial results using the criteria detailed in the
Statistical Analysis section (Validation of observational
results against ARISTOTLE data).

Objective 2
We will select patient groups who would not have been
included in ARISTOTLE (and therefore would not have
been included in the Objective 1 cohort) or who are
under-represented in ARISTOTLE. Specifically, this will
include patient groups such as patients with an AF diag-
nosis in the EHR cohort meeting these additional criteria:
» Severe comorbid condition: disease with a likelihood
of causing death within 1 year or reasons making
participation unpractical (such as dementia).

When matching the apixaban and warfarin patients within
the patient groups for this objective, additional baseline vari-
ables will be considered compared with the list specified for
Objective 1, Step 2; namely the H, A, and B components of
the HAS-BLED score (Hypertension, Abnormal renal/liver

Powell EM, et al. BMJ Open 2021;11:e042347. doi:10.1136/bmjopen-2020-042947
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function, Stroke, Bleeding history or predisposition, Labile
INR, Elderly (>65 years), Drugs/alcohol concomitantly) not
included for Objective 1 matching due to being ARISTOTLE
exclusion criteria. In these special patient populations the
same outcomes as Objective 1 will be assessed, with absolute
and relative rates calculated separately in each special patient

group.

Objective 3

We will select all patients with AF who have a prescription
for apixaban, warfarin, rivaroxaban or dabigatran in the
treatment period (between 1 January 2013 and 31 July 2019).
The ARISTOTLE trial criteria will be applied, followed
by matching the warfarin, rivaroxaban and dabigatran
ARISTOTLE-eligible EHR patients in turn to the trial-eligible
EHR apixaban patients following the methodology outlined
in Objective 1, Step 3. This process will result in the creation
of three trial-eligible EHR cohorts: warfarin users matched to
apixaban users, rivaroxaban users matched to apixaban users
and dabigatran users matched to apixaban users. Matched
cohorts of excluded patient groups will also be constructed
to enable pairwise comparisons of treatment effects in these
groups using the method outlined in Objective 2. In all
cohorts, the same outcomes as Objective 1 will be assessed
with both absolute and relative treatment effects compared.

Exposures, outcomes and covariates
Exposures
For all objectives, exposures will be determined using CPRD
Gold and Aurum prescribing records and code lists for anti-
coagulant treatments with no restrictions placed on the dose
prescribed.

For Objectives 1 and 2, use of apixaban is the primary
exposure of interest and will be compared with warfarin.

For Objective 3, other stroke prevention treatments for AF
will also be compared, namely dabigatran and rivaroxaban.

Outcomes
Outcomes to be measured are as follows:
» Stroke (ischaemic or haemorrhagic) or SE.
» Major bleeding.
» MIL
» All-cause mortality.
» Time to AF treatment change.
Outcomes will be ascertained using a combination of
CPRD, HES and ONS data.

Covariates

The variables to be considered for matching patients are
detailed in the selection of participants for Objective 1 (Step
2).

Sample size

Objective 1

ARISTOTLE included 9120 patients in the apixaban arm,
therefore it was estimated a minimum of 15000 EHR apix-
aban patients were needed for matching to be feasible.
In CPRD Gold, approximately 8400 patients were eligible
(January 2018). Aurum (June 2019) contained 23526

apixaban patients with AF not registered in practices that had
previously contributed data to Gold. Assuming the propor-
ton of Aurum patients meeting ARISTOTLE eligibility
criteria would be similar to the proportion in Gold (~60%)
gave an estimate of 14115 trial-eligible apixaban patients.
Combining Gold and Aurum is therefore estimated to give
>22000 unique trial-eligible EHR apixaban patients.

Objectives 2 and 3

From feasibility counts, we are confident we will have suffi-
cient numbers of patients to allow wellpowered analyses for
Objectives 2 and 3. For example, we estimate the number of
people with no evidence of at least one additional risk factor
for stroke for Objective 2 would be >3000 people in each
exposure group.

Statistical analysis

Methods of analysis

ARISTOTLE used an intent-to-treat (ITT) approach
for the primary efficacy analysis and an on-treatment
approach for sensitivity analysis and safety outcomes. We
will perform equivalent analyses by using two different
censoring schemes: a primary censoring scheme censoring
5 years after index date (reflecting the maximum possible
follow-up in ARISTOTLE) for the primary effectiveness
analyses, and an on-treatment scheme censoring around
time of last study drug for the sensitivity analysis and safety
outcome. For the on-treatment censoring scheme, date of
last exposure will be estimated using patient prescription
data—to allow for drug half life, stockpiling of tablets and
less than 100% adherence we will add 30 days after the
apparent end of treatment.

Demographic and baseline variables will be presented
before and after matching steps. As the primary analysis
accounts neither for treatment switching nor discontinu-
ation, the proportion of patients discontinuing treatment
and time to treatment discontinuation will be tabulated.

The primary effectiveness endpoint is time to first
occurrence of confirmed stroke (ischaemic, haem-
orrhagic or unspecified type) or SE during the study,
regardless of whether the subject is receiving treatment at
the time (primary censoring scheme). Comparisons will
be made according to prescribed treatment (apixaban vs
warfarin).

All time to event endpoints will be analysed using a Cox
proportional hazards model including treatment group
as a covariate and prior warfarin/VKA status (experi-
enced, naive). Point estimates and two-sided 95% ClIs will
be constructed for the outcome. Absolute event rates of
all outcomes of interest will also be calculated.

Secondary outcomes cover the key safety outcome of
major bleeding and the individual outcomes of stroke,
SE, MI and mortality. Secondary outcomes other than
major bleeding will use the ITT censoring scheme, major
bleeding will use the on-treatment censoring scheme.

Validation of observational results against ARISTOTLE data
In Objective 1 alone, we will validate the findings from
our primary analysis against ARISTOTLE by determining
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whether results are compatible with the trial results. ARIS-

TOTLE demonstrated superiority of apixaban over warfarin

for the primary endpoint (HR 0.79, 95% CI 0.66 to 0.95).”

The treatment effect seen with EHR data may be weaker than

that seen in ARISTOTLE.

An analysis of EU patients in ARISTOTLE showed a
smaller treatment difference for the primary endpoint and
death: HR for stroke/SE 0.92 (95% CI 0.56 to 1.52), all-cause
death 0.89 (95% CI 0.68 to 1.18). The European Medicines
Agency Assessment Report suggested the smaller treatment
effect may have been due to superior INR control in the
warfarin arm of the EU subgroup (median time in thera-
peutic range (TTR) 68.93%)"; this study could provide addi-
tional evidence on this point.

Either a result of superiority or nondinferiority will be
considered compatible with ARISTOTLE results. We have set
two criteria that must be met to conclude results are consis-
tent with the trial result:

1. The effect size must be clinically comparable with the
ARISTOTLE findings; the HR for time to stroke/SE
with the EHR must be between 0.69 and 0.99. This
range is not symmetrical around the ARISTOTLE esti-
mate of 0.79 as it is anticipated the treatment effect in
routine clinical care may be weaker than that seen in
the optimised setting of a clinical trial.

2. The upper limit of the 95% CI for the rate ratio must
be less than 1.52 (upper limit in the EU subgroup of
ARISTOTLE).

In addition, if the upper limit of the 95% ClI is less than
1 then superiority of apixaban versus warfarin will be
concluded.

In order to understand the extent to which the EHR
population resembles the ARISTOTLE trial population
the absolute event rates of the outcomes will be compared.

Sensitivity analyses

Primary and secondary effectiveness outcomes will also
be analysed using the on-treatment censoring scheme to
investigate whether the extent of treatment discontinuation
compromises confidence in the effectiveness analyses.

Exclusion of patient time post-treatment discontinuation
in the safety and sensitivity analyses might bias results towards
a conclusion of no difference'® and risks selection bias due to
attrition”; the set of patients who switch or discontinue treat-
ment will therefore be examined to ascertain whether biases
of this nature may have occurred.

Additional analyses may be performed using methods
such as inverse probability of censoring weighting (IPW) or
a rank-preserving structural failure time model to estimate
the treatment effect that would have been observed in the
absence of treatment switching. We will explore the impact of
time-varying eligibility by using methods such as a modified
treatment strategy IPW."’

Adherence will be estimated in the EHR cohort to enable
comparisons with the trial and investigate the extent to which
this may have influenced differences in treatment effect
observed. For apixaban, we will calculate the proportion of
days covered (PDC) over a patient’s time when on treatment

as a measure of adherence. Warfarin dose is poorly recorded
in EHR, therefore warfarin adherence will be estimated by
looking at adherence to other long-term daily medications as
a proxy measure and by looking at INR control by calculating
per cent INR TTR as a measure of overall warfarin treatment
regime adherence.

We will perform a supplementary analysis in patients
deemed adherent (PDC 280% matching ARISTOTLE
compliance limit) along with an exploratory subgroup anal-
ysis by INR TTR. The different nature of the proxy variables
used for adherence in the DOAGs (PDC) compared with
warfarin (INR TTR) means that the adherence estimates may
not be comparable; should great differences in adherence be
observed between these exposure groups the definitions of
adherence used may need to be reassessed.

Apixaban was a newly available drug with a low number
of patients having a prescription in the first year it was avail-
able'™; we will therefore perform a sensitivity analysis with the
start of the study period shifted forwards a year to January
2014 to investigate the impact of inclusion of early adopters
who may differ from later adopters of a new drug.

Plan for addressing confounding

In the study period, apixaban was a newly available treatment
leading to the possibility of channelling bias. For Objective 1,
by applying trial eligibility criteria to both treatment cohorts
and matching using the baseline covariates we should avoid
channelling bias. To handle confounding, treatment arms
will be matched using the optimal method selected. Unmea-
sured or unknown confounding may remain and this will be
explored in the analysis and discussion of results.

Missing baseline data

UK EHR data have been shown to be almost complete for
drug prescribing and information on important comorbidity
is well recorded. For some variables such as renal function
and alcohol intake, a patient is more likely to have no data
entered if there is no overt clinical evidence of abnormality;
in such cases, we may take a pragmatic approach categorising
into a parameter (‘evidence of vs ‘no evidence of”) with those
with no data included in the ‘no evidence of” group. For BMI
and SBP, we cannot assume data are missing at random as
we expect a patient is less likely to have these recorded if
they appear at a healthy weight and do not have hyperten-
sion, respectively, or if they have a lower comorbidity burden.
Furthermore, as the proportion of patients with missing base-
line BMI or SBP is expected to be low (approximately 4%
for BMI and <1% for SBPm), these patients will be excluded
from the trial-eligible cohort.

Missing prescription data

Treatment may be initiated in secondary care, meaning
the first prescription of patients newly initiating treatment
or switching treatments is missing; to account for this we
will perform a sensitivity analysis where those newly initi-
ating treatment are assigned an earlier derived index date.
Hospitalised patients may have prescriptions in secondary
care leading to treatment gaps in their primary care data.
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We will investigate the occurrence of hospitalisation around
treatment discontinuation and assess the potential impact
on the results of missed events by performing a sensitivity
analysis with different extended derived dates of last dose.
Some concomitant drugs used in determining eligibility and
matching patients are available over the counter (OTC),
meaning we may miss that patients are exposed to these; we
expect OTC use of these drugs to be similar in both treat-
ment groups.

Missing outcome data

EHR data are shown to be almost complete for mortality.'®
Patient deaths missing from EHRs are expected to be missing
at random equally in both treatment arms, thereby not
altering the overall direction of treatment effect. The classi-
fication of unspecified stroke type will cause uncertainty in
the main safety endpoint and may lead to a lower event rate
for major bleeding compared with the trial; this would affect
the power but should not affect the treatment effect seen as
events are expected to be missing at random from both treat-
ment arms.

Limitations of the study design, data sources and analytical
methods

Some of the criteria assessed for ARISTOTLE eligibility may
not be well recorded in CPRD, criteria such as alcohol and
drug abuse may not be captured for all patients. For criteria
such as ‘increased bleeding risk’, it is unclear which codes
to include and timescale to consider. These limitations are
consistent with our aim to select a population as similar as
possible to ARISTOTLE while acknowledging differences
will remain. The most important risk factors for the primary
outcome of stroke (the components of CHA2DS2-VASc score
for AF stroke risk) are mostly well recorded in CPRD.*”

There are differences in the coding systems used by the
two EHR data sources and completeness of coding may
differ between the two; the potential impact of this will be
ascertained by comparisons of rates of diagnoses, baseline
variables and prescriptions of interest. Inclusion of data
source as a matching variable should prevent discrepancy
between the sources from biasing results. We will explore
different methods of combining Gold and Aurum, namely
analysing separately by database and combining the results
as a meta-analysis as an alternative to combining data before
analysis.

The main focus of the study is validation of our method-
ology through assembling a cohort of patients comparable
to the patients in ARISTOTLE and finding similar results to
the trial. Criteria to determine the success of the method-
ology have been prespecified in the protocol. Given the use
of CPRD data to determine treatment effectiveness is not yet
well established, a finding that these data are not suitable to
answer questions on intended effectiveness will be a useful
conclusion.

Patient and public involvement
No patient was involved.

ETHICS AND DISSEMINATION

Approval by ethics and scientific committees

An application for scientific approval related to use of CPRD
data was approved by the Independent Scientific Advisory
Committee of the Medicines and Healthcare Products Regu-
latory Agency (MHRA).

Dissemination plans

The results of the study will be submitted to peer-reviewed
journals and presented at conferences. Relevant charities
will be contacted for guidance on dissemination of results to
patients in an accessible manner. We will communicate with
NICE to convey any results relevant to the guidance they have
issued on AF, and with the MHRA if findings may impact the
risk /benefit profile of anticoagulation treatments in patients
with AF.
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4.3. Additional detail on methods outlined in the published protocol

4.3.1. Additional information on data sources for the emulation of
ARISTOTLE

Based on the feasibility work described in Chapter 2 it was initially planned to use both
CPRD Aurum and Gold datasets combined. Applying the ARISTOTLE criteria to CPRD
Aurum resulted in a sample size in Aurum alone more than sufficient to enable selection of a
subset of patients matching ARISTOTLE. CPRD Gold and Aurum have differences in the
way data are recorded meaning combining both datasets would introduce more variability
into the data compared with restricting the EHR cohort to come from only 1 data source.
Furthermore, with many GP practices in England and Wales having transitioned from the
software system used for Gold to the system used for Aurum, the CPRD Aurum database had

a larger volume of more recent data.

4.3.2. Additional information on codelists

A total of 55 codelists (Table 4.1) were developed for trial eligibility criteria, outcomes of
interest, and covariates of interest. Code lists were developed by searching for and reviewing
pre-existing Read code, medication, and ICD-10 codelists and using or modifying as
appropriate. Suitable Read code codelists were mapped to equivalent Snomed codelists in a
systematic way by mapping between the codes, matching on textual terms, identifying all
Snomed terms related to any unique concept IDs captured in these earlier steps, and a final
additional search for matching terms. Codelists were reviewed to ensure the terms identified
were suitable to the intended criteria, outcome, or covariate and clinical input was obtained
on any codelists not well supported in past literature. The codelists used are presented in the
appendix. Derived datasets were created by extracting records matching the codelists and

cleaning the data.
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Table 4.1 List of Codelists Used

Codelist File Name Description Source
codelist_afib_aurum.txt Snomed codes for Atrial Fibrillation for CPRD Aurum Maud Teoh
codelist_oac_aurum.txt Codes for Oral anticoagulant medications extracted from CPRD Aurum. Maud Teoh
codelist_stroke tia se aurum.txt Snomed codes for Stroke, transient ischemic attack (TIA), systemic embolism | Maud Teoh
(SE) for CPRD Aurum
codelist_stroke tia se hes.txt ICD-10 codes for stroke, transient ischemic attack (TIA), systemic embolism | Maud Teoh
(SE) for HES
codelist_chf lvef aurum.txt Snomed codes for congestive heart failure (CHF), reduced left ventricular Maud Teoh
ejection fraction (LVEF) for CPRD Aurum
codelist_chf lvef hes.txt ICD-10 codes for congestive heart failure (CHF), reduced left ventricular Maud Teoh
ejection fraction (LVEF) for HES
codelist_diabetes_aurum.txt Snomed codes for diabetes for CPRD Aurum Maud Teoh
codelist_hypertension_aurum.txt Snomed codes for hypertension for CPRD Aurum Maud Teoh
codelist_antihypertensive aurum.txt Product codes for antihypertensive medications extracted from CPRD Aurum. | Maud Teoh
codelist_rev_afib_aurum.txt Snomed codes for reversible atrial fibrillation for CPRD Aurum Maud Teoh
codelist_mitral stenosis_aurum.txt Snomed codes for mitral stenosis for CPRD Aurum Maud Teoh
codelist_bleed risk aurum.txt Snomed codes for increased bleeding risk for CPRD Aurum Maud Teoh
codelist_bleed risk hes.txt ICD-10 codes for increased bleeding risk for HES Maud Teoh
codelist_heart valve aurum.txt Snomed codes for heart valve for CPRD Aurum Maud Teoh
codelist pe dvt aurum.txt Snomed codes for pulmonary embolism (PE), deep vein thrombosis (DVT) Maud Teoh
for CPRD Aurum
codelist_endocarditis_aurum.txt Snomed codes for endocarditis for CPRD Aurum Maud Teoh
codelist_aspirin_aurum.txt Product codes for aspirin extracted from CPRD Aurum Maud Teoh
codelist_thienopyridine_aurum.txt Product codes for thienopyridine extracted from CPRD Aurum Maud Teoh
codelist_severe comorbid aurum.txt Snomed codes for severe comorbid conditions for CPRD Aurum Maud Teoh,
Kevin Wing
codelist_alcohol drug_abuse aurum.txt Snomed codes for alcohol or drug abuse for CPRD Aurum Maud Teoh
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codelist_renal aurum.txt Snomed codes for renal function for CPRD Aurum Maud Teoh
codelist_renal hes.txt ICD-10 codes for severe renal disease and dialysis for HES Maud Teoh
codelist_liver aurum.txt Snomed codes for liver function for CPRD Aurum Maud Teoh
codelist_platelet aurum.txt Snomed codes for platelets for CPRD Aurum Maud Teoh
codelist_hemoglobin_aurum.txt Snomed codes for haemoglobin for CPRD Aurum Maud Teoh
codelist_pregnant breasteefing aurum.txt | Snomed codes for pregnancy or breastfeeding for CPRD Aurum Maud Teoh
codelist_blood pressure_aurum.txt Snomed codes for blood pressure for CPRD Aurum Maud Teoh
codelist_ethnicity aurum.txt Snomed codes for ethnicity for CPRD Aurum Maud Teoh
codelist_smoking aurum.txt Snomed codes for smoking for CPRD Aurum Maud Teoh
codelist_alcohol aurum.txt Snomed codes for alcohol for CPRD Aurum Maud Teoh
codelist_height weight bmi_aurum.txt Snomed codes for height, weight, body mass index (BMI) for CPRD Aurum Maud Teoh
codelist_amiodarone_aurum.txt Product codes for amiodarone extracted from CPRD Aurum Maud Teoh
codelist_digoxin_aurum.txt Product codes for digoxin extracted from CPRD Aurum Maud Teoh
codelist_statin_aurum.txt Product codes for statins extracted from CPRD Aurum Maud Teoh
codelist_nsaid_aurum.txt Product codes for non-steroidal anti-inflammatory drug (nsaid) extracted from | Maud Teoh
CPRD Aurum
codelist_antacid aurum.txt Product codes for antacids extracted from CPRD Aurum Maud Teoh
codelist_ppi_aurum.txt Product codes for proton pump inhibitors (PPI) extracted from CPRD Aurum | Maud Teoh
codelist_h2ra_aurum.txt Product codes for H2 receptor antagonist (H2RA) extracted from CPRD Maud Teoh
Aurum
codelist_pad aurum.txt Snomed codes for peripheral artery disease (PAD) for CPRD Aurum Maud Teoh
codelist_aortic_plaque aurum.txt Snomed codes for aortic plaque for CPRD Aurum Maud Teoh
codelist mi_aurum.txt Snomed codes for myocardial infarction (MI) for CPRD Aurum Maud Teoh
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codelist_peptic_aurum.txt

Snomed codes for peptic ulcer for CPRD Aurum

Maud Teoh

OpenSAFELY codelist for lung cancer Snomed codes for cancer (excluding haematological) for CPRD Aurum OpenSAFELY
and OpenSAFELY codelist for cancer authors
excluding lung and haematological https://www.opencodelists.org/codelist/opensafely/lung-cancer-snomed/2020-
04-15/#tull-list
https://www.opencodelists.org/codelist/opensafely/cancer-excluding-lung-
and-haematological-snomed/2020-04-15/
codelist_connect_tissue aurum.txt Snomed codes for connective tissue disorder for CPRD Aurum Maud Teoh
codelist_copd_aurum.txt Snomed codes for chronic obstructive pulmonary disease (COPD) for CPRD | Maud Teoh
Aurum
OpenSAFELY snomed codelist for Snomed codes for haematological cancer for CPRD Aurum OpenSAFELY
haematological cancer authors
https://www.opencodelists.org/codelist/opensafely/haematological-cancer-
snomed/2020-04-15/#full-list
codelist_hemiplegia_aurum.txt Snomed codes for hemiplegia for CPRD Aurum Maud Teoh
codelist aids hiv_aurum.txt Snomed codes for AIDS or HIV for CPRD Aurum Maud Teoh
OpenSAFELY Codelist for Chronic Liver | Snomed codes for liver disease for CPRD Aurum OpenSAFELY
Disease (opensafely/chronic-liver-disease- authors
snomed)
codelist_inr_aurum.txt Snomed codes for international normalised ratio (INR) for CPRD Aurum Maud Teoh
OpenSAFELY codelist for fall Snomed codes for fall for CPRD Aurum OpenSAFELY
authors
codelist_stroke embol hes.txt ICD-10 codes for stroke or systemic embolism for HES Maud Teoh
codelist_major bleed hes.txt ICD-10 codes for major bleeding for HES Maud Teoh,
Turki Bin
Hammad
codelist mi_hes.txt ICD-10 codes for myocardial infarction (MI) for HES Maud Teoh
codelist_pe dvt hes.txt ICD-10 codes for pulmonary embolism (PE), deep vein thrombosis (DVT) for | Maud Teoh

HES

Note: For ICD-10 codelists where a higher-level code is specified eg ‘121°, all lower-level codes under this code are included (121.0, 121.1,... etc).
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4.3.3. Additional information on algorithms

Several covariates required the use of algorithms to aid classification, namely classification
of ethnicity, smoking, and alcohol use; details on the algorithms used for these are in the
appendix. There are a number of methods that can be used to measure quality of warfarin
treatment using INR measurements, most commonly the proportion of INR measurements
that are in optimal range over a certain time period and Rosendaal’s method using linear
interpolation to calculate the proportion of days a patient had INR values in optimal range.

For this study I matched ARISTOTLE in using Rosendaal’s method to calculate TTR.

4.3.3.1. Rosendaal’s method of calculation for proportion of time in
therapeutic range

Derivation of time in therapeutic range followed the method used in ARISTOTLE -
Rosendaal’s method of linear interpolation. In this method it is assumed that changes between
consecutive INR measurements are linear over time. Using an optimal range for INR [2-3]
the calculation works as follows:

Let INR; be a patient’s INR value recorded on visit i where i = 1,2 ...,k-1
Let INR; be the next INR value recorded for a patient on visit j = i+/

1. Calculate the magnitude of the shift from 1 INR measurement to the next
shift = abs(INR; — INRi)

2. Calculate the proportion of this shift that was within the therapeutic INR range using
Table 4.2

3. Estimate the number of days between the consecutive visits at which the INR
measurements were obtained, visit; and visit; that were within therapeutic range:
number of days in range;; = proportion x (day;,— day;)

4. Total Time in Therapeutic Range (TTR) is then the sum of the estimated number of
days in range divided by the total number of days between the visits

=51 number of days in range; .,

TTR = —
=X number of days;
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Table 4.2 Proportion of shift in consecutive INR measurements within therapeutic
range

INR; INR, Proportion of Shift Within Therapeutic Range
within [2-3] within [2-3] 1

within [2-3] >3 abs [(3 - INR))/(INR, - INR))]

within [2-3] <2 abs [(INR;- 2)/(INR; - INR))]

>3 within [2-3] abs [(3 - INR)/(INR; - INR))]

>3 >3 0

>3 <2 abs [1/(INR; - INR))]

<2 within [2-3] abs [(INR;- 2)/(INR; - INR))]

<2 >3 abs [1/(INR; - INR))]

<2 <2 0

Note: Using a therapeutic range of INR [2.0 to 3.0] and assuming INR; and INR; are consecutive INR
measurements for an example patient ie j=i+1.

To illustrate the calculation of INR consider the example of a patient with INR value of 1.8
recorded on a first visit, 2.8 recorded on their next visit 20 days later, and 3.2 recorded on a
3 occasion 10 days after the 2" measurement. In this example the magnitude of the shift

between the 2 pairs of consecutive INR measurements is

shift; > = abs(INR> — INR;) = abs(2.8 — 1.8) = 1.0
shift> 3 = abs(INR3 — INR>) = abs(3.2 — 2.8) = 0.4

The proportion of the shifts within the therapeutic INR range is then

INR, — 2 28—-2
abs (—) = abs ( ) = 0.8

proportion, ,

INR, — INR, 1.0
” — ab ( 3 — INR, )_ b (3—2.8)_05
proportion,; = abs INR, — INR;) = abs 04 = 0.

The number of days between these consecutive visits which are estimated to have been within
therapeutic INR range is then

number of days in range;>= 0.8 x 20 = 16 days

number of days in range> ;= 0.5 x 10 =5 days

Giving a total TTR over the 3 visits of:

16+5 21
= —=0.7

TTR = —35 30
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In this example we see the hypothetical patient has a TTR of 0.7 demonstrating they are
spending the majority of their time within the optimal INR range. By contrast, the proportion
of INR measurements within therapeutic range for the same patient would be only 0.33

showing the impact of the choice of method to assess quality of INR control.

4.3.4. Additional information on step 2: selection of CPRD Aurum patients
matching the ARISTOTLE participants

The original plan for this thesis involved the use of individual patient data from ARISTOTLE
to enable matching of individual EHR patients 1:1 to each trial participant in the apixaban
arm of ARISTOTLE. In the first year of the PhD I submitted an application (including a
statistical analysis plan) to Bristol-Myers Squibb for use of the individual patient data in
ARISTOTLE. The application was approved, however a subsequent review by Bristol-Myers
Squibb found that the informed consent signed by patients in the trial prevented third party
researchers using the data. Lack of access to this data necessitated a modification to the
methods to match to ARISTOTLE using only publicly available information consisting of
summary statistics of the baseline characteristics of the treatment arms and subgroup analyses
published based on the trial. A search of publications on ARISTOTLE likely to be instructive

in matching to the trial participants identified the sources of information listed in Table 4.3.
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Table 4.3 Sources Used in Matching to ARISTOTLE

Source(s) Description/ Use in this Study
Detailed the study design, derivation of non-
ARISTOTLE protocol and SAP inferiority margin, hypothesis and sample size
Bristol-Myers Squibb and Pfizer, Inc. calculation, inclusion and exclusion criteria,
[see Appendix] randomisation and stratification factors, outcome
definition, and analysis methods of ARISTOTLE
NEJM key publication Summarised the key ARISTOTLE baseline
Apixaban versus Warfarin in Patients characteristics and ARISTOTLE results
with Atrial Fibrillation. C B Granger et
al. (42)
FDA NDA Review Summarised ARISTOTLE baseline characteristics
Rose M, Beasley N (131) and results in more detail than the NEJM
publication
EMA NDA Review (132) Summarised ARISTOTLE baseline characteristics

and results in more detail than the NEJM
publication and gave results in EU subset, context
and questions on relevance to EU patients

NICE Summarised ARISTOTLE baseline characteristics
and results and gave context and questions on
relevance to UK population

ARISTOTLE Outcomes by Sex. Summarised ARISTOTLE baseline characteristics
Described in a paper by D Vinereanu et | and results by sex

al. (133)

ARISTOTLE Outcomes by Age. Summarised ARISTOTLE results by age and gave

Described in a paper by S Halvorsend et | distribution of elderly age groups
al. (134)

4.3.4.1. Development of matching approach

Table 1 Baseline Characteristics of the Patients from the NEJM publication of the
ARISTOTLE trial (42) was used as a starting point to represent the target population. The
variables in the table were reviewed to consider which would be appropriate or possible to

attempt to match in the CPRD Aurum cohort and which were the most important to match

given the indication, treatments, and outcomes of interest to this study. The key variables to

match that were available in CPRD Aurum were determined to be:

- Age

- Sex

- Prior use of VKA

- Qualifying stroke risk factors and CHADS; score

- Renal function
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These variables are important predictors of the key outcomes of stroke, bleeding, and all-

cause mortality. Variables that were partially matched or found to not require matching are

summarised in Table 4.4 and characteristics from ‘Table 1’ of the ARISTOTLE publication

that were not matched are detailed in Table 4.5.

Table 4.4 Variables from ARISTOTLE partially matched or did not require matching

Variable

Reason no matching required or partially matched

Systolic blood pressure

The matching method included hypertension and the ARISTOTLE
eligibility criteria excluded those with uncontrolled hypertension.
Distribution of SBP of the selected CPRD Aurum cohort matched
the trial cohort without including this as a variable.

Weight

Though Table 1 in ARISTOTLE summarised weight, ARISTOTLE
participants differed from CPRD Aurum patients in ethnicity
making body mass index (BMI) a more appropriate measure than
weight to match to the trial.

A ‘partial’ matching approach was taken in which the probability of
being sampled into the CPRD Aurum cohort was adjusted based on
BMI category.

Prior myocardial
infarction (MI)

After applying the trial eligibility criteria and matching on the other
variables the selected CPRD Aurum cohort (12.3%) was similar to
the trial (14.5%) so further matching was not performed.

Prior clinically relevant
or spontaneous bleeding

After applying the trial eligibility criteria and matching on the other
variables the selected CPRD Aurum cohort (17.3%) was similar to
the trial (16.7%) so further matching was not performed.

History of fall within
previous year

The prevalence of this variable depended on how it was defined (for
example restricting to hospital records or including CPRD records,
inclusion of proxy measures from HES such as broken bones or
head injuries, how to handle CPRD records such as ‘history of fall’
where time frame is not clear) thus the EHR variable may not be
directly comparable to a detailed question in an RCT screening or
baseline assessment.

By matching to the trial on age and matching on the proportion of
patients in the age groups 75-80, 80+, 90+, the proportion of
patients with a history of fall was likely to be similar.

Table 4.5 Variables from ARISTOTLE not matched

Variable Reason not matched

Region All patients in CPRD Aurum from the same region (Europe)

Race/ethnicity Low number of patients from Asian and/or Hispanic ethnicity in
CPRD Aurum (majority of patients of white ethnicity)

Type of atrial Type of AF not recorded in CPRD Aurum for the majority of

fibrillation patients

Medications at the time | Choice of treatment for conditions such as hypertension and heart

of randomisation failure may differ across countries. Attempting to match to the trial

on medications at baseline may therefore result in selection of
patients in CPRD Aurum which are less likely to reflect typical
treatment for patients in the UK.
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To further characterise the trial population, a search for publications containing baseline
characteristics from the trial found the FDA, EMA, and NICE reviews of the trials gave some
additional information on the baseline characteristics. Subgroup studies using the trial data

gave additional information for example analysis by sex and in the elderly.

4.3.4.2. Use of ARISTOTLE baseline characteristics to select patients
in CPRD Aurum

The sources identified in Table 4.3 were used to define a target multivariable covariate
distribution based on the pairwise and higher order observed covariate profile sub-
distributions. For example, the number of participants with each stroke risk factor in the
apixaban arm gave the following target distributions:

Congestive heart failure = C =2784
Hypertension = H = 7962
Age > 75 years=A = 2850
Diabetes = D =2284
History of stroke or TIA = S approx. 1650

Combinations of stroke risk factors that can result in each CHADS; score along with the
number of participants with each score in ARISTOTLE are summarised in Table 4.6.
Potential solutions that would give a similar CHADS?2 score and stroke risk factor
distribution to ARISTOTLE could be defined as the number of patients with different

combinations.

Simultaneous equations were derived relating the total number of patients having each
characteristic to aid identification of potential solutions yielding the target distribution.
Solutions were found via numerical optimisation and by applying any restrictions arising
from the set of available patients in CPRD Aurum; more detail is given in the Appendix

A2.3.2.
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Table 4.6 CHADS; Score distribution in ARISTOTLE and associated risk factor
combinations

CHADS:; Score Stroke risk factor(s) in age <75 Stroke risk factor(s) in age > 75
years years

0 (N=54) reduced LVEF and /or history of SE N/A

1 (N=3046) CorHorD A

2 (N=3262) CH or CD or HD or S CA or HA or AD

3 (N=1681) CHD or CS or HS or DS CHA or CAD or HAD or AS

4 (N=767) CHS or CDS or HDS CHAD or CAS or HAS or ADS

5 (N=273) CHDS CHAS or CADS or HADS

6 (N=37) N/A CHADS

LVEEF = left ventricle ejection fraction; SE = systemic embolism; N/A = not applicable;

C = congestive heart failure; H = hypertension; A = age 75 or older; D = diabetes; S = history of stroke or TIA.
Combinations of letters represents combinations of risk factors for example HS represents a person with
hypertension AND prior stroke.

Target numbers (N=XX) derived from tabulations of baseline characteristics of ARISTOTLE participants.

Additional important variables — namely sex, prior VKA exposure status, and a more refined
breakdown of age were added to the target multivariate covariate distribution. The
distribution of stroke risk factors and age in the ARISTOTLE trial participants differed
between men and women (133) with women older than men on average (median age 72 vs.
69) and a higher proportion of women having CHADS; score >3 (34.1% vs. 28.1% for men).
This information was used to create separate target covariate distributions for women and

men.

The idea of coarsened exact matching (CEM) was adapted wherein random sampling was
used to select the required number in each subgroup from the CPRD Aurum patients
available that would result in the target multivariate covariate distribution. The use of random
sampling within subgroups based on combinations of important covariates or risk factors is
used in the (‘coarsened exact matching”) method proposed by lacus, King, and Porro (16) as

an alternative to propensity score matching.

This method was successful in selecting a cohort of CPRD Aurum apixaban patients matched

to the ARISTOTLE participants.
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4.3.5. Additional information on step 3: matching warfarin users to
apixaban users

4.3.5.1. Inclusion of prevalent warfarin users

ARISTOTLE stratified randomisation based on prior vitamin k antagonist (VKA) exposure
with 57% of the participants having prior exposure to VKA, this leads a researcher to an
important question: 7o replicate ARISTOTLE should the proportion of new and prior users of

VKA be matched to the trial in our cohort?

In the literature review in Chapter 3 it was observed that the majority of studies in this
therapeutic area comparing apixaban to warfarin included only new users of the treatments
under study or required a washout window prior to the index date. Restricting to new users
alone makes the selection of the cohort far simpler in that there is an obvious choice for the
index date (the date of the first prescription for the treatment of interest). In the context of a
reference trial emulation, where we also need to apply the trial eligibility criteria at the index
date, the selection of index date has the potential to introduce selection bias (135). The bias
arises firstly from the fact that prevalent users have ‘survived’ the initial post-initiation time
period in which the risks of a drug may be higher, and secondly a risk that the covariates for
the prevalent users (which are used to balance cohorts) may have been affected by the prior

exposure to the drug of interest (135).

A simple solution for the emulation of ARISTOTLE would therefore have been to restrict the
cohort to new users. The important question is then whether the treatment effect estimated in
a cohort of new users alone is comparable to the treatment effect estimated in the trial, in

which the majority of participants were prevalent users of VKA.

When we consider the choice in whether to match the trial on the inclusion of prevalent users

we are confronted with thinking about the trial estimand and a more general question in
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reference trial emulation — what aspects of the trial are important/relevant to match and how

comparable are the treatment estimates obtained depending on the choices made?

For ARISTOTLE, prior VKA exposure was considered an important variable to match to
ensure the treatment estimates obtained would be answering the same question. An
interpretation of the different questions being answered by a study design including both new
and prevalent users (Q1) vs the question answered by a study restricted to new users (Q2) is
given below.

Q1: What is the treatment effect of initiating or switching to apixaban vs initiating or
continuing on warfarin on time to stroke or systemic embolism in NVAF patients with 1
stroke risk factor?

This is a conceptualisation of the question being investigated in ARISTOTLE; this was
judged as being materially different from the question that would be answered restricting to
new users alone (Q2).

Q2: What is the treatment effect of initiating apixaban vs initiating warfarin on time to
stroke or systemic embolism in NVAF patients with 1 stroke risk factor?

Although the difference may appear subtle, the two questions are measuring different
estimands and one has relevance to both new and prevalent users (Q1) whereas the other does
not (Q2). The question of whether to continue on a treatment or switch to an alternative is

different from the question of which treatment to choose when treatment-naive.

Restricting to new users alone can result in a cohort not representative of ‘real world’ patients
- when a new drug is introduced to the market as an alternative to an existing well-established
treatment, the ‘real world’ cohort is most likely to consist of a large proportion of existing

users of the older treatment switching to the new treatment. New user design studies which
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exclude these patients are therefore limited in their generalisability and necessarily exclude a

large proportion of patients.

Within the framework of this thesis in which the primary focus was the emulation of the
reference trial and an exploration of the limits on the ability to emulate a trial, it was

considered necessary to attempt to replicate this aspect of the trial design. ARISTOTLE
randomisation was stratified on prior VKA exposure thus the matching of apixaban and

warfarin users to be stratified in a similar way.

Having decided to include prevalent users the challenge was then determining how to select
the index date for the prevalent warfarin users, how to apply the trial eligibility criteria to the
prevalent warfarin users without introducing selection bias, and how to match on prior

exposure to VKA and characterise this prior exposure.

A naive approach to select the index date for the prevalent warfarin users would be to select
either the first date or a random date in the treatment period for each prevalent warfarin user.
These approaches introduce selection bias leading to biased treatment effect estimates (136).
This is a particular problem in the emulation of trials where we may be assessing multiple

eligibility criteria across a set of potential index dates for a patient.
4.3.5.2. Prevalent new user design

An important paper on the topic of including prevalent users is the Suissa 2017 (137) paper.
This pivotal paper provided a framework for how to conduct pharmacoepidemiological
studies including both new and prevalent users, a design Suissa named the ‘Prevalent New
User’ (PNU) design. The method Suissa proposed involves constructing an ‘exposure set’ for
each patient that switches to the newer study drug of interest, comprising all patients

continuing on the comparator treatment that have the same history of prior treatment. Time-
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conditional propensity scores are calculated by setting all exposure sets together into 1
dataset and using conditional logistic regression to estimate the probability of switching vs
continuing within each exposure set. Patients are then selected by propensity score matching
in chronological order (from earliest index date of a switcher to latest), with any patients
selected as a match no longer eligible to be a match and dropped from subsequent exposure

sets. More detail on this method is given in the Appendix.

This method appeared promising for the application of trial emulation and was applied to the
ARISTOTLE emulation. In Suissa’s PNU design the exposure sets are created with
replacement therefore, applied to the ARISTOTLE emulation, a continuing warfarin user
may be included in numerous, or even all possible exposure sets. A key challenge with the
PNU design is the large size of the datasets involved; setting all exposure sets together gave a
dataset of size approximately 10 billion records when applied to the CPRD Aurum patients
prescribed apixaban and warfarin. An additional complication is the checking of eligibility
criteria at the point of selecting a match (ie after calculation of the propensity scores)
requiring the addition of variables relating to the eligibility criteria to the propensity score
models. The conditional logistic regression to estimate the time-conditional propensity score
models failed to converge thus an alternative approach to inclusion of prevalent users was

sought.

4.3.5.3. Approach taken for including prevalent users

At the time of trialling the PNU method Webster Clarke et al published a paper (136)
introducing alternative approaches inspired by the PNU approach but with the potential for
easier implementation. One of these methods, ‘forward random sampling of continuers’,
appeared particularly suitable; furthermore, this method demonstrated good results in their
simulation study with the results being close to the true results (0.997) and performing nearly
as well as the full PNU design of Suissa.
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The ‘forward random sampling of continuers’ method applied to our study involved ordering
the VKA-experienced apixaban users from shortest prior VKA treatment duration to longest
prior VKA treatment duration, then for each VKA-experienced apixaban user in turn
selecting a sample of 5 or so warfarin continuers with an equivalent duration of prior VKA
treatment. The examples given by Webster-Clarke did not cover how to apply eligibility
criteria; if we consider the RCT processes we are trying to emulate we have:

- Screening into an RCT at which point a potential participant may pass or fail

- Randomisation of a participant to treatment

When we apply the trial eligibility criteria to the CPRD Aurum patients this is analogous to
the process of screening. Crucially we must not forget that in an RCT a participant can fail
screening. A clinician may consider a patient as being potentially eligible if they meet the
minimum inclusion criteria (in our case a patient aged minimum 18 years with AF diagnosis
and at least one stroke risk factor), however they may be revealed as failing exclusion criteria
during the screening process. Many of the exclusion criteria in ARISTOTLE are time
dependent — such as recent abnormal lab values, recent stroke, use of certain concomitant
medications, whereas others are binary with a participant becoming permanently ineligible
after certain diagnoses or after certain surgeries such as placement of a mechanical heart
valve. To most closely mimic the screening process for prevalent users we must therefore use
a method in which it is possible for the patient to be selected at a date at which they might fail
screening. This can be conceptualised as demanding that

1) our selection method should be ‘blind’ to the eligibility status of the prevalent user
until after their index date has been selected

ii) should a patient ‘fail’ screening by having been selected at an index date at which
they were not trial-eligible then they should not be able to be reselected at a
different date; in other words each prevalent user should only have 1 chance at
being selected in the same way that the apixaban users have only 1 chance to pass

screening
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One way to implement this requirement within the ‘forward random sampling of continuers’
method was to hide the eligibility status of the participants before sampling and check the
status at the point of sampling. Should a patient be sampled at a date where they happen to be
ineligible then that patient could then be considered as having failed screening and be

removed from the pool of potential prevalent user matches.

The sampling algorithm was run first attempting to sample 5 continuing warfarin users per

switcher to apixaban resulting in a suitable sample size available for each switcher; however
there remained a large pool of warfarin continuers not sampled. The algorithm was therefore
re-run sampling 10 continuers per switcher which successfully sampled continuing warfarin

users even at the longer treatment durations.

After sampling, prevalent users were propensity score matched within treatment history
‘strata’ with a requirement for matches to have equivalent duration of prior exposure.
Different options were trialled for the treatment history strata:

1) 3-strata [0-10 months, 10months-3 years, >3 years]
i1) 4-strata [0-4month, 4-12 months, 1-5 years, >5 years]
ii1) 6-strata [0-4 months, 4-12 months, 1-2.5 years, 2.5-5 years, 5-10 years, >10 years]

The option that resulted in the largest and most balanced prevalent-user cohort was selected
assessing balance by comparison of standardised mean differences of the baseline

characteristics.

4.3.6. Additional information on sensitivity analyses

Initially, it was planned for cohort inclusion to require >2 prescriptions for the OAC of
interest. This requirement was removed from the primary analysis over concerns this may
introduce selection bias or immortal time bias(138). The analysis requiring >2 prescriptions
was retained as an additional sensitivity analysis to understand the impact of including
patients that may not have taken the index medication.
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There was a high rate of missing data for INR control prior to the index date meaning this
was not included in the propensity score models for the primary analysis. A sensitivity

analysis was therefore performed including a variable on prior INR control.

4.4. Summary

This chapter presented the protocol for the emulation of ARISTOTLE using UK electronic
healthcare records (CPRD Aurum linked to HES and ONS). The protocol paper was followed
by a summary of the code lists used in the application of the trial eligibility criteria and
derivation of TTR. This chapter presented the development of the method used in matching
the baseline characteristics of ARISTOTLE using only publicly available aggregate
summaries. A brief overview of ‘prevalent new user design’ methods was presented,
followed by a description of the sampling method selected (‘forward random sampling of

continuers’) and the adaptation made to emulate the screening process of an RCT.

The next chapter will present the results of the emulation of ARISTOTLE in CPRD Aurum
including any deviations from the protocol-planned analyses and any post-hoc additional

analyses performed.
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Chapter S  Research paper: Results

This chapter will present the results of the emulation of ARISTOTLE using data from
CPRD Aurum linked to ONS and HES. The key results were presented in a results paper
which is included here in section 5.1. After the paper additional results are presented in
section 5.2. The results cover:

- The application of the eligibility criteria to the cohort, matching the apixaban users
to ARISTOTLE on baseline characteristics, and propensity score matching to
warfarin users

- A comparison of the results in the EHR cohort against the benchmarking criteria
and reference trial results

- A post-hoc analysis looking at the quality of apixaban dose adjustment in the
apixaban group in the ARISTOTLE-analogous EHR cohort

- Sensitivity analyses looking at the potential impact of treatment switching, moving
the study start date a year later, and the application of a minimum exposure
requirement.

- Results by prior VKA exposure strata

- Results of analysis by TTR and sensitivity analysis

- Results from an analysis of ARISTOTLE-eligible new users without matching to

the ARISTOTLE baseline characteristics
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5.1. Research paper: Results

5.1.1. Introduction to Paper 2

Summary

Chapter 4 described the methods used for the objective of emulating ARISTOTLE using
CPRD Aurum linked to HES and ONS data. In this chapter I present the results paper for the
emulation of ARISTOTLE using CPRD Aurum data. The results paper summarises the
methods used and results of the study, including the primary effectiveness results, safety
results, and sensitivity analyses. The results paper was under final review in May 2024 for

publication in PLOS Medicine.

Thesis objectives addressed
This chapter describes the analyses that were planned in addressing the following objectives
of the overall thesis (Section 1.3):
1. Emulate the reference trial ARISTOTLE comparing apixaban to warfarin for
prevention of stroke in atrial fibrillation in UK EHRs including application of the trial
eligibility criteria, matching to the baseline characteristics of the participants in the

reference trial, and assessing the validity of the results and methods by benchmarking.

Role of candidate

I drafted the paper providing a brief summary of the methods used, the results obtained, and
discussion and limitations. I performed the analyses including cohort selection and outcomes
in the trial-analogous cohort. Kevin Wing (KW), Ian Douglas (ID), and Usha Gungabissoon
(UG) provided guidance on appropriate handling of the data sources, methods, the discussion,
and the strengths and limitations of the study. Liam Smeeth reviewed the manuscript. John
Tazare (JT) provided guidance on prevalent new user (PNU) methods that had the potential to

be suitable to the objective of this study and review of the manuscript. Turki Bin Hammad
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(TBH) provided review of the ICD-10 codelists used as the outcomes and review of the
manuscript. Angel Wong (AW) and Paris Baptiste (PB) provided review of the manuscript.
The paper was finalised after review and suggested updates and comments from ID, UG, LS,
JT, TBH, PB, AW, and KW. The paper was further updated following peer review to add
more detail to the methods in the manuscript and limitations and discussion sections, to make
an improvement to the analysis by TTR, and to add an analysis of the quality of apixaban

dose-adjustment in the CPRD Aurum cohort.
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ABSTRACT

Background

Stroke prevention treatment guidance for patients with atrial fibrillation (AF) uses evidence
generated from randomised controlled trials (RCTs). However, applicability to patient
groups excluded from trials remains unknown. Real-world patient data provides an
opportunity to evaluate outcomes in a trial analogous population of direct oral anticoagulants
(DOAC:S) users and in patients otherwise excluded from RCTs, however there remains

uncertainty on the validity of the methods and suitability of the data.

Successful reference trial emulation can support the generation of evidence around treatment

effects in groups excluded or underrepresented in the original trials.

We used linked UK primary care data to investigate whether we could emulate the pivotal
ARISTOTLE trial (apixaban vs warfarin) and extend the analysis to investigate the impact of

warfarin time in therapeutic range (TTR) on results.

Methods and findings

Patients with AF in a UK primary care database Clinical Practice Research Datalink (CPRD
Aurum) prescribed apixaban or warfarin from 1 Jan 2013 to 31 Jul 2019 were selected.
ARISTOTLE eligibility criteria were applied to this population and matched to the RCT
apixaban arm on baseline characteristics creating a trial-analogous apixaban cohort; this was
propensity-score matched to warfarin users in the CPRD Aurum. ARISTOTLE outcomes
were assessed using Cox proportional hazards regression stratified by prior warfarin exposure
status during 2.5 years of patient follow-up and results benchmarked against the trial results
before treatment effectiveness was further evaluated based on (warfarin) time in therapeutic

range (TTR).
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The analysis sample comprised 8734 apixaban users and propensity-score matched 8734
warfarin users in CPRD. Results [Hazard Ratio (95% Confidence Interval)] confirmed
apixaban non-inferiority for stroke or systemic embolism (SE) [CPRD 0.98 (0.82,1.19) vs
trial 0.79 (0.66,0.95)] and death from any cause [CPRD 1.03 (0.93,1.14) vs trial 0.89
(0.80,0.998)] but did not indicate apixaban superiority. Absolute event rates for Stroke/SE
were similar for apixaban in CPRD Aurum and ARISTOTLE (1.27%/year) whereas a lower

event rate was observed for warfarin (CPRD Aurum 1.29%/year, ARISTOTLE 1.60%/year)

Analysis by TTR suggested similar effectiveness of apixaban compared with poorly
controlled warfarin (TTR < 0.75) for Stroke/SE [0.91 (0.73,1.14)], all-cause death [0.94
(0.84,1.06)], and superiority for major bleeding [0.74 (0.63, 0.86)]. However, when compared
with well controlled warfarin (TTR > 0.75) apixaban was associated with an increased hazard
for all-cause death [1.20 (1.04, 1.37)] and there was no significant benefit for major bleeding
[1.08 (0.90-1.30)]. The main limitation of the study’s methodology are the risk of residual
confounding, channelling bias and attrition bias in the warfarin arm, and selection bias and

misclassification in the analysis by TTR.

Conclusions

Analysis of non-interventional data generated results demonstrating non-inferiority of
apixaban vs warfarin consistent with the pre-specified benchmarking criteria. Unlike in
ARISTOTLE superiority of apixaban vs warfarin was not seen which may be linked to the
lower proportion of Asian patients and higher proportion of patients with well-controlled
warfarin compared to ARISTOTLE. The methodological template developed can be used to
investigate treatment effects of oral anticoagulants in patient groups excluded from or under-
represented in trials and also provides a framework which can be adapted to investigate

treatment effects for other conditions.
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AUTHOR SUMMARY

Why Was This Study Done?

Stroke prevention treatment guidelines for patients with atrial fibrillation (AF) are
based on results from randomised controlled trials (RCTs), we do not know if these
results are relevant to patients that would not have been eligible to be included in the
RCTs.

This study used routinely collected health data from the UK to emulate an RCT that
compared apixaban to warfarin, ARISTOTLE, and also looked at whether the benefit
of apixaban compared with warfarin was impacted by the quality of warfarin therapy
(measured by time in therapeutic range, TTR).

Emulating an RCT for stroke prevention in patients with AF should help to
understand how transferable RCT results are to ‘real-world’ practices and whether
this methodological approach can help to improve treatment options and outcomes for

patient groups currently underrepresented in clinical trials.

What Did the Researchers Do and Find?

The researchers looked at patients with AF in a UK primary care data prescribed
apixaban or warfarin and applied a “reference trial emulation” approach, in which the
ARISTOTLE trial eligibility, selection and analysis approaches were applied to UK
primary care data and results benchmarked against those of ARISTOTLE.

Patients prescribed apixaban had similar rates of outcomes to those prescribed
warfarin in our cohort and our results were successfully benchmarked against

ARISTOTLE. Unlike ARISTOTLE we did not see superiority of apixaban vs
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warfarin [Hazard ratio (95% confidence interval)] for time to stroke or systemic
embolism: 0.98 (0.82,1.19) in our cohort vs 0.79 (0.66,0.95) in ARISTOTLE.

We also found the benefit of apixaban vs warfarin differed for some outcomes
depending on the quality of warfarin therapy with apixaban (i) superior only to poorly
controlled warfarin therapy for major bleeding [TTR <0.75: 0.74 (0.63, 0.86), TTR >
0.75: 1.08 (0.90, 1.30)] (i1) associated with an increased risk of death compared only
to well-controlled warfarin therapy [TTR > 0.75: 1.20 (1.04, 1.37), TTR <0.75: 0.94

(0.84, 1.06)].

What Do These Findings Mean?

Our results support the NICE guidelines on selecting treatment for stroke prevention
in patients with AF and also provide reassurance on continuing warfarin in patients
with high TTR.

We can use UK primary health care data to emulate a reference trial of treatments for
the prevention of stroke in AF.

We can use the data and methods to look at how well treatments work in patients that
would not have been included in RCTs such as those with multimorbidity or patient
groups under-represented in RCTs such as ethnic minority groups and older patients.
Study limitations include the possibility of residual confounding, a risk that patients
doing well on warfarin were over-represented in our cohort, a lower proportion of
Asian participants in our cohort compared with ARISTOTLE, and the likelihood of

residual selection bias/misclassification in the TTR analysis.
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Introduction

Atrial fibrillation (AF) is a common type of cardiac arrhythmia with an estimated prevalence
of 3.3% in UK adults aged > 35 years [1]. AF is a risk factor for stroke; patients with AF
have a five-fold increased risk of stroke compared with people without AF [2] and around a
quarter of all strokes are attributed to this arrhythmia [3]. In addition, increased levels of
mortality, morbidity and disability with longer hospital stays are observed in stroke patients

with AF compared with stroke patients without AF [4, 5].

Pharmacological therapy recommended to reduce the risk of stroke in AF includes the use of
oral anticoagulants (OACs). The introduction of direct oral anticoagulants (DOACs) for AF
since 2012 in the UK provided a choice of treatment alongside the older OAC class of
vitamin K antagonists (VKA), such as warfarin which has been available for over 60 years.
The VKA OACSs require regular monitoring of international normalised ratio (INR) to keep
patients in the optimal therapeutic range (typically 2.0 to 3.0) in which risk of both ischemic
and bleeding events are minimised [6]. A patient may require dose adjustments to stay within
their INR target range. A key measure of quality of warfarin treatment is therefore the time in
therapeutic range (TTR) which estimates the proportion of time a patient has spent with INR
within optimal range. A TTR of 0.75 or greater is often considered as indicating optimal INR
control and suggests a patient is spending a high proportion of their time in their INR target

range.

ARISTOTLE was a pivotal RCT of the DOAC apixaban designed to demonstrate non-
inferiority compared with warfarin in the prevention of stroke or systemic embolism (SE) in
patients with AF. The results demonstrated superiority of apixaban over warfarin for both
prevention of stroke/SE and safety (major bleeding) [7]. Results in the EU patient subset

from the trial suggested the observed superiority of apixaban might be dependent on how
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well warfarin therapy was managed in the comparator group [8], an analysis that has not yet
been performed outside of trial settings. In the NICE review of ARISTOTLE, several
professional groups noted the TTR of warfarin users in ARISTOTLE may be lower than what

is typical in UK clinical practice [9].

Treatment guidelines for DOACs are based on evidence from randomised controlled trials
(RCTs), however, it is unclear whether these results extend to patient groups typically
excluded from trials such as those with increased bleeding risk or severe comorbidities.
Whilst there have been a number of previous studies of DOAC effectiveness using non-
interventional data, there remains uncertainty on whether the data sources and methods used
have fully accounted for the lack of treatment randomisation and issues such as selection bias
and confounding. Comparing results from real-world studies with RCT results is challenging
due to differences in patient populations, treatment adherence, and study design. However,
reference trial emulation involves use of an existing named RCT to (1) inform observational
study design and (2) benchmark results against, providing confidence in validity of the
selected observational methods and data. [10-13]. The non-interventional analysis methods
can then be applied, under a set of assumptions, to reliably estimate effects in groups of
patients with AF who would have been excluded from (or underrepresented in) the reference
trial [14] such as patients aged > 80 that were under-represented in ARISTOTLE compared
with patients with AF in UK clinical practice and patients with increased bleeding risk that

were excluded by the trial eligibility criteria.

There is increasing interest in trial emulation using observation data, and in the application of
recent developments in pharmacoepidemiology methods involving the inclusion of prevalent
users. This study used a framework which involved coarsened exact matching to select
patients matching the trial population on aggregate, and sampling of prevalent users in a way

that avoids selection bias and emulates the process of screening into an RCT, to construct a
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cohort of patients similar to the target trial population which included both new and prevalent
users. This methodological approach could be adapted to a variety of treatments and different

therapeutic areas.

This study sought to (1) create an ARISTOTLE-analogous cohort using routinely collected
primary and secondary care data in the UK and (2) benchmark results obtained in the
ARISTOTLE-analogous cohort with ARISTOTLE results and (3) explore whether apixaban
treatment-effects in clinical practice are influenced by how well warfarin therapy is

controlled.

Materials and methods

This study is reported as per the Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) guideline (S1 Checklist).

Study design

A propensity score matched cohort study with emulation of a reference trial (ARISTOTLE).

Setting/data sources

UK Electronic Healthcare Records

This study used non-interventional data from UK Clinical Practice Research Datalink
(CPRD) Aurum, a database containing anonymised data from 738 primary care practices
across England (approximately 13% of the population of England with 19 million patient
records and 7 million active as of September 2018 [15]. CPRD Aurum contains information
on clinical diagnoses, prescribing, referrals, tests, and demographic/lifestyle factors and is
representative of the population of England in geographical spread, social deprivation, age,

and sex [15]. This study also used 2 additional data sources linked to CPRD Aurum: Hospital
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Episodes Statistics (HES) data, which contains data on patients admitted to NHS hospitals
including diagnoses, admission and discharge, and Office of National Statistics (ONS)

mortality data.

The reference trial (ARISTOTLE)

ARISTOTLE was a randomised, double-blind trial completed in 2011, comparing apixaban
with warfarin in the prevention of stroke and SE. The trial included 18201 patients with AF
and at least one additional risk factor for stroke. The trial was designed to test for non-
inferiority of apixaban compared with warfarin (non-inferiority margin of 1.38 for the upper
limit of the 95% CI of the hazard ratio for the primary outcome), and showed apixaban
superiority for (1) the primary outcome of stroke or SE (HR 0.79; 95% CI 0.66, 0.95),7 (2)
the safety endpoint of major bleeding (HR 0.69; 95% CI 0.60, 0.80), and (3) death from any
cause (HR 0.89; 95% CI 0.80, 0.99). The ARISTOTLE findings led to the National Institute
for Health and Care Excellence (NICE) guidelines on stroke prophylaxis in patients with AF

recommending apixaban as a treatment.

ARISTOTLE eligibility criteria and summary baseline patient characteristics were used to

select a cohort of patients from CPRD Aurum analogous to the ARISTOTLE participants.

The use of CPRD and ARISTOTLE are described in a previous publication [14] and use of
CPRD for this project was approved by the MHRA Independent Scientific Advisory

Committee [ISAC protocol in S2]. All data used in this study were anonymised.

Diagnostic and therapeutic codelists

All diagnostic and therapeutic codelist files used are available at

https://datacompass.lshtm.ac.uk/id/eprint/3590/.

Patient Selection
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Step 1: application of trial eligibility criteria to patients in CPRD

We first selected HES-linked patients registered in CPRD Aurum between January 1, 2013
and July 31, 2019, who had at least 6 months between registration and the index date.
ARISTOTLE recruited both new (warfarin-naive) and prevalent (warfarin-experienced) users
of warfarin with randomisation stratified on prior warfarin (or other VKA) exposure status
(warfarin naive or experienced). To be classified as warfarin-naive patients were required to
have no evidence of exposure to warfarin or other VKA in the 5 years prior to the index date.
To enable selection of a similar cohort of patients in CPRD Aurum (including both new and

prevalent users of warfarin), the following process was used in determining index date:

- apixaban users

index date = first prescription of apixaban in the study period

apixaban user classified as warfarin-naive or warfarin-experienced at this date;

- warfarin users
for new users of warfarin: index date = first prescription of warfarin in the study period;
for prevalent users of warfarin: a pool of potential index dates was selected containing all
prescription dates in the study period, with index date selected at the later treatment-
history

sampling stage (see step 3).

ARISTOTLE eligibility criteria (supplementary table A2) [7] were applied giving a trial-
eligible cohort for apixaban users, a trial-eligible cohort of new users of warfarin, and a pool
of potential index dates (with all potential index dates kept in regardless of ARISTOTLE

eligibility at this stage) for warfarin continuers (prevalent warfarin users).

Step 2: selection of apixaban trial-analogous patients in CPRD
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We selected a subset of the CPRD Aurum trial-eligible apixaban patients that better matched
the ARISTOTLE apixaban participants based on aggregate summaries for the following key

ARISTOTLE baseline characteristics:

- Age
- Sex

- Congestive heart failure or left ventricular systolic dysfunction

- Hypertension requiring treatment
- Diabetes mellitus

- Prior stroke/transient ischemic attack (TIA)/systemic embolism (SE)

- Level of renal impairment

- Prior VKA/warfarin exposure

To characterise the baseline patient characteristics of ARISTOTLE, we used the key
publication of the trial results [7], discussion of trial results by regulatory bodies [8, 9, 16]

and publications on the trial presenting cross-tabulations on key characteristics [17,18].

An ARISTOTLE-analogous cohort of CPRD Aurum apixaban patients was then selected

using a modified form of coarsened exact matching [19] (see Appendix for details).

Step 3: matching of apixaban trial-analogous patients to warfarin trial-eligible patients

in CPRD

To emulate ARISTOTLE which stratified randomisation on prior VKA exposure status,
patients in the CPRD cohort were matched separately within the VK A-naive and VKA-
experienced strata. A 3-step procedure, based on methods proposed by Suissa et al [20] and

Webster Clark et al [21], was used to select and match patients in the VKA-experienced strata
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whilst avoiding selection bias; this procedure is summarised in Figure 1 and described in in

S3 Appendix.

The trial-analogous CPRD Aurum apixaban patients were matched to warfarin CPRD Aurum
patients using greedy nearest-neighbour matching on the logit of the propensity score (PS); a
caliper of 0.2 times the standard deviation of the logit of the propensity score was used for

matching as recommended by Austin [22].

The covariates included in the propensity score models are detailed Table 1.

Table 1: Covariates Included in the Propensity Score Models

Category Variable List
Demographics age, sex, ethnicity
CHADS; stroke risk factors congestive heart failure or left ventricular systolic

dysfunction, hypertension requiring treatment, diabetes
mellitus, prior stroke/TIA/systemic embolism

Vascular stroke risk factors prior myocardial infarction, peripheral artery disease, aortic
plaque, history of pulmonary embolism or deep vein
thrombosis

Other risk factors body mass index, systolic blood pressure, history of

bleeding, smoking status, alcohol consumption,
socioeconomic status (imd2105_5), ethnicity

Concomitant medications aspirin, clopidogrel, NSAIDs, antacids, statins, angiotensin-
converting enzyme inhibitors (ACEls) or angiotensin
receptor blockers (ARBs), beta blockers, calcium channel
blockers, statins, amiodarone, digoxin, proton pump
inhibitors, H2 receptor antagonist

Comorbidities renal function, history of fall,

Charlson comorbidity components [COPD, connective
tissue disease, peptic ulcer disease, liver disease,
hemiplegia, cancer, haematological cancer], healthcare
utilization [number of GP consults in the prior year,
number of hospitalizations in the prior year]

AF factors time since AF diagnosis, history of valvular disease, history
of valvular surgery
Healthcare utilisation number of GP consults in the prior year, number of

hospitalizations in the prior year

AF=atrial fibrillation; COPD=chronic obstructive pulmonary disease; GP=general practitioner;
NSAIDs=non-steroidal anti-inflammatory drugs; TIA=transient ischemic attack;

The model resulting in the most balanced cohort was chosen with balance assessed by

looking at standardised differences across all variables after matching using a target threshold
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of 0.05 for the maximum difference allowed for any individual variable. Balance of
covariates considered to be most important in predicting outcome were prioritised namely

age, sex, and stroke risk factors.
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i. New users of apixaban (VKA-naive) propensity score matched 1:1 to new users of warfarin.
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ii. Pool of prevalent warfarin users containing all warfarin prescription dates in the study period for
each warfarin user sampled without replacement by treatment history to ensure similar duration
of prior VKA exposure for the prevalent users in the apixaban and warfarin CPRD Aurum arms:

- 10 warfarin continuers selected for each VKA-experienced
apixaban ‘switcher'

- Matching started with ‘earliest’ (ie. shortest treatment history)
apixaban switcher to avoid selection bias®

- Trial-eligibility of warfarin users hidden until the point of selection
to avoid selection bias

- Any warfarin users selected and not trial-eligible at that timepoint
(treatment history) were dropped from the pool of potential
comparators and an alternative warfarin continuer sampled

- The sampling process can be seen as analogous to the
screening process of a RCT with potential participants only having
one chance to pass screening.

iii. VKA-experienced apixaban users propensity score matched 1:1 to the treatment-history matched comparator pool.
Propensity scores were calculated stratified by treatment history strata and patients matched within treatment history strata.
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Figure 1: Matching of apixaban trial-analogous patients to warfarin trial-eligible patients
* This method has been found in a simulation study (Webster-Clark et al [21]) to give unbiased results
CPRD=Clinical Practice Research Datalink; RCT=randomised controlled trial; VKA=vitamin K

antagonist.
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Exposures and outcomes

Exposures

Exposure to apixaban (5mg/2.5mg) or warfarin was determined using CPRD prescribing

records with no restrictions on the dose prescribed.

Outcomes

The primary effectiveness outcome was the composite of stroke (ischemic or haemorrhagic)
or systemic embolism (SE); individual components of this outcome (stroke, ischemic or
uncertain type of stroke, haemorrhagic stroke, SE) and death from any cause were the key
secondary effectiveness outcomes. Secondary effectiveness outcomes included myocardial
infarction (MI), pulmonary embolism or DVT, and composite endpoints of effectiveness
outcomes. The primary safety outcome was major bleeding (including by location —
intracranial, gastrointestinal, or other location such as urinary or gynaecological). All
outcomes involved hospitalisation or death and were ascertained using HES and ONS data.
The ICD-10 codes used in ascertaining stroke occurrence have been recommended as having

high positive predictive value [23].

Statistical analysis

Methods of Analysis

A prospective protocol was published prior to the analysis detailing the planned analyses [14,

also in Appendix].

Changes from the planned protocol are described in Table 2.

Table 2: Changes from Planned Analyses

Original Planned Analysis Updated Analysis Reason for change

Patients to be selected from both Only CPRD Aurum used. There was a much larger sample size

CPRD GOLD and CPRD Aurum. available in CPRD Aurum meaning
combining of the 2 data sources was not
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required.

Censoring scheme to censor at 5
years after index date.

Censoring scheme censored at
2.5 years after index date.

The ARISTOTLE trial had median
duration of follow-up of 1.8 years (IQR
1.4, 2.3) therefore a 2.5 year cut-off
gives a more similar duration of follow-
up than 5 years.

Adherence of apixaban users to be
measured by proportion of days
covered by prescriptions.

Treatment persistence
measured instead (proportion
of patients still on index
treatment at date of

Repeat prescriptions are often issued
automatically meaning comparing
number of days covered by prescribed
pills to the number of days in the

censoring). treatment period did not provide useful
insight on adherence.
Supplementary analysis in Analysis by TTR only. Unable to ascertain useful measure of

patients deemed adherent (PDC >
80%, ARISTOTLE compliance
limit).

adherence in the apixaban users.

Non-inferiority will be concluded
when the upper limit of the 95%
CI for the hazard ratio must be
less than 1.52 (upper limit in the
EU subgroup of ARISTOTLE).

Non-inferiority will be
concluded when the upper
limit of the 95% CI for the
hazard ratio is less than 1.38
(same non-inferiority margin
of ARISTOTLE).

The non-inferiority margin used in
ARISTOTLE was the one agreed by
regulators to represent the maximum
acceptable clinical difference. By
applying the same margin, we ensure
that the conclusion is based on more
rigorous criteria.

Aim to include prior INR control
in propensity model for vitamin k
antagonist-experienced patients.

Primary analysis does not
include prior INR control.
Post hoc sensitivity analysis
performed including prior
INR control in the propensity
score model.

High rate of missing data for prior INR
control made it not advisable to include
this variable in the propensity score
model for the main analysis. Other
variables predictive of poor INR control
such as age are already included.

Post hoc sensitivity analysis including
INR control in the propensity score
model performed to assess the potential
impact of not including this variable
following question in peer review on the
omission of this variable.

N/A

Post hoc analysis assessing
apixaban dose-adjustment in
CPRD Aurum

Suggested by peer review to provide
evidence on the quality of dose
adjustment in CPRD Aurum and how
this may impact the results in the trial-
analogous cohort.

All time-to-event endpoints were analysed using a Cox proportional hazards model, stratified

by prior VKA status (experienced, naive). The effectiveness outcomes were analysed using

the intention-to-treat principle and major bleeding was analysed using an on-treatment

censoring scheme. Patients were censored at 2.5 years after index date reflecting typical

maximum duration of follow-up in ARISTOTLE. Cluster-robust standard errors were used

with pair membership as the clustering variable [24,25]. The proportional hazards assumption
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was assessed by looking at the log-log of the Kaplan-Meier survival curves and inspection of
scaled Schoenfeld residuals plotted against time. Analyses were performed using SAS

version 9.4 and R version 4.2.1.

Supplementary analyses

A protocol planned analysis in the subset of patients deemed adherent (with adherence
measured by TTR in the warfarin users and by proportion of days covered by prescriptions in
the apixaban users) was planned to assess the impact of adherence on outcomes. The planned
analysis was not possible due to the apixaban prescription data not providing a useful
measure of adherence. . An analysis by INR TTR was performed instead to assess the impact
of warfarin control on results with all outcomes analysed by TTR (TTR < 0.75 and TTR >
0.75). Individual predicted TTR based on baseline variables was used for patients missing
TTR. In order to perform the TTR analysis whilst maintaining balance in the baseline
covariates, inverse probability treatment weighting (IPTW) was used to rebalance the
baseline characteristics, applying stabilised weights to the ARISTOTLE-analogous apixaban
users. A similar approach to the main analysis was used with propensity score models

constructed separately for the new users and warfarin-experienced users.

An additional post hoc analysis was performed looking at the proportion of apixaban patients
prescribed reduced-dose apixaban along with a comparison of the patients meeting the
criteria for dose-reduction against the dose actually prescribed. In this analysis apixaban dose
in the ARISTOTLE-analogous CPRD cohort was assessed and compared against the
ARISTOTLE protocol-specified criteria and NICE criteria for reduced apixaban dose.
ARISTOTLE specified that participants meeting any 2 of the following criteria assessed at
the time of randomisation should have their apixaban dose reduced to 2.5mg BID: age > 80

years, body weight < 60 kg, or serum creatinine > 1.5 mg/dL. These criteria are equivalent to
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the NICE guidelines for dose reduction with NICE having an additional criteria indicating

reduced dose in those with creatinine clearance 15-29 mL/minute.

In addition, to assess the impact of the quality of dose-adjustment in the CPRD cohort on the
observed effectiveness of apixaban relative to warfarin, a supplementary post hoc analysis
was performed looking at the results in the subset of apixaban patients prescribed the correct

dose compared with IPTW re-balanced warfarin comparators.

Sensitivity analyses
Primary and secondary effectiveness outcomes were also analysed using the on-treatment
censoring scheme to investigate whether treatment discontinuation compromises confidence

in the effectiveness analyses.

Treatment persistence was defined by looking at longitudinal prescription data for OACs;
OAC treatment windows were derived in which gaps >= 6 months between prescription dates
were considered as distinct treatment windows. The end of each OAC treatment window was
derived as the date of the last prescription of index OAC + the number of days supply given
in the last prescription + a grace period of 30 days. In cases of overlapping OAC treatment
windows the date of the first prescription of the subsequent OAC treatment window was used
to define the end of the prior OAC window. A prescription for a different OAC from the
index OAC treatment was considered as a treatment switch. An ending of index OAC
treatment with no subsequent prescription for any other OAC recorded was considered as
treatment stop. Gaps of >= 6 months with no subsequent OAC prescriptions recorded were

categorised as having stopped OAC treatment.

The set of patients who switched or discontinued treatment during follow-up were examined
to ascertain whether selection bias due to attrition may have affected the on-treatment

analyses (Table A9 in Appendix).
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Apixaban was first launched for AF in the UK in January 2013, with relatively few patients
receiving a prescription in the first year it was available; we therefore performed a sensitivity
analysis with the start of study period shifted forwards a year to investigate the impact of

inclusion of early adopters who may differ from later adopters of a new drug.

Confounding and bias

In the study period apixaban was a newly available treatment leading to the possibility of
channelling bias [26]. By applying trial eligibility criteria to both treatment cohorts and
matching using baseline covariates we aimed to minimise channelling bias. To handle

confounding, treatment arms were matched using PSM [27].

Benchmarking results against ARISTOTLE

The study hypothesis was that results in the CPRD ARISTOTLE-analogous cohort would be
comparable to the ARISTOTLE results, as defined by the pre-specified benchmarking
criteria. A slightly weaker benefit of apixaban vs warfarin was expected based on the weaker
benefit seen in the EU subgroup of ARISTOTLE and an expectation that the quality of
warfarin control in UK patients may be higher than that observed in ARISTOTLE.

The benchmarking criteria for considering the results in the trial-analogous CPRD cohort to

be comparable with ARISTOTLE were pre-specified and published previously [14]:

1. The effect size must be clinically comparable with the ARISTOTLE findings; the HR
for time to stroke/SE with the HR must be between 0.69 and 0.99. This range is not
symmetrical around the ARISTOTLE estimate of 0.79 as it is anticipated the
treatment effect in routine clinical care may be weaker than that seen in the optimised

setting of a clinical trial.

142



2. The upper limit of the 95% CI for the HR for time to stroke/SE must be less than 1.38

(non-inferiority margin used in ARISTOTLE, updated since protocol — see Table 2).

The benchmarking step applied only to the primary effectiveness outcome in the trial-
analogous CPRD cohort; results in other groups such as patients underrepresented or
excluded from the trial would not necessarily be expected to remain consistent to the RCT
results given the relative risks may differ in these groups. Comparability of other outcomes

was to be assessed descriptively with no formal criteria or hypothesis testing used.

Missing data

Patients with missing systolic blood pressure (0.1%), body mass index (3.3%), smoking

status (0.1%), or socioeconomic status (0.1%) were excluded from the trial-eligible cohort as
the proportion of patients with these missing was low. Patients with missing renal function
(1.3%), ethnicity (0.4%), or alcohol use (5.6%) were kept in the cohort through a missing
indicator approach; this approach is valid under the assumption that these variables act as
confounders and influence clinician prescribing decisions only when observed [28]. A total of
1176 (13.3%) warfarin users in the CPRD cohort did not have INR measurements in the data
during their treatment period with predicted TTR used for these patients in the analysis by

TTR (see Appendix for details).

Ethics

Scientific approval was provided by the London School of Hygiene and Tropical Medicine
research ethics committee (ref 17682) and the independent scientific advisory committee of
the Medicines and Healthcare Products Regulatory Agency (protocol no. 19 066R). CPRD
data are already approved via a national research ethics committee for purely non-
interventional research of this type. CPRD data are analysed anonymously therefore

individual patient consent is not sought by contributing medical practices when data is shared
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with CPRD; however, patients are able to opt out of their patient information being shared for

research.

Results

Participants

Between January 1, 2013 and July 31, 2019 there were 86,888 people with AF prescribed
apixaban and 159,632 prescribed warfarin in HES-linked CPRD Aurum practices (Figure 2).
Application of minimum registration period and ARISTOTLE inclusion criteria reduced this
to 67,539 apixaban and 139,527 warfarin patients. After applying ARISTOTLE exclusion

criteria there were 41,487 apixaban and 101,159 warfarin patients.

Selecting apixaban patients to match ARISTOTLE on key baseline characteristics yielded
9,120 apixaban patients (3,912 new users and 5,208 prevalent users) available for propensity
score matching to 101,159 warfarin patients. For 274 apixaban patients no match could be

found giving a propensity score matched cohort of 8846 apixaban and 8846 warfarin patients.
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AURUM - Apixaban AURUM - Warfarin

People in CPRD Aurum with a prescription for apixaban and
prior diagnosis of AF (acceptable and HES linked) n=86 888

People in CPRD Aurum with a prescription for warfarin and
prior diagnosis of AF (acceptable and HES linked) n=159 632

l Did not meet minimum registration period n=13 045 Iﬂ—l l Did not meet minimum registration period n=13 300 I
‘ People that met minimum registration period n=73 843 I I People that met minimum registration period n=146 332 I
Did not meet ARISTOTLE inclusion criteria due to: Did not meet ARISTOTLE inclusion criteria due to:
Age <18 years (n=0) —» Age <18 years (n=4)
No ARISTOTLE stroke risk factor (n=6 304) No ARISTOTLE stroke risk factor (n=6 801)
v
| People that met ARISTOTLE inclusion criterian=67 539 | [ People that met ARISTOTLE inciusion iiteria n=139 527 _ |
Excluded due to ARISTOTLE exclusion criteria n=26 052: Excluded due to ARISTOTLE exclusion criteria n=38 368:
AF due to reversible causes (n=2 625) AF due to reversible causes (n=6 012)
Moderate or severe mitral stenosis (n=585) Moderate or severe mitral stenosis (n=3 614)
Increased bleeding risk (n=8 463) Increased bleeding risk (n=15 621)
Other quiring chronic anti ion (n=3 154) Other it iring chronic anti ion (n=10 085)
Persistent uncontrolled hypertension (n= 1 602) Persistent uncontrolled hypertension (n=3 017) |
Active infective endocarditis (n=52) Active infective endocarditis (n=200)
Concomitant aspirin > 165 mg/day (n=31) € —» Concomitant aspirin > 165 mg/day (n=33)
C aspirin and thi idine (n=421) [¢ itant aspirin and thi idine (n=469)
Severe comorbid condition® (n=8 312) Severe comorbid condition® (n=13 324) |
Alcohol or drug abuse (n=2 263) Alcohol or drug abuse (n=2 727)
Recent ischemic stroke (within 7 days) (n=462) Recent ischemic stroke (within 7 days) (n=154)
Severe renal insufficiency (n=2 969) Severe renal insufficiency (n=5713)
Elevated ALT, AST, or Total Bilirubin® (n=1 485) Elevated ALT, AST, or Total Bilirubin® (n=3 029) |
Platelets < 100,000/ mm? (n=536) Platelets < 100,000/ mm? (n=1 688)
Hemoglobin < 9 g/dL (n=1 095) Hemoglobin < 9 g/dL (n=2 865)
Pregnant or breastfeeding® (n=48) Pregnant or breastfeeding® (n=104)
v v |
People after applying ARISTOTLE exclusion criteria n=41 487 | I People after applying ARISTOTLE exclusion criteria n=101 159 (4 764 109 Rx dates) l |
I
Missing data n=1 246 |
Missing systolic BP (n=60) le—!
Mfss!ng BMI (n=_1 166) ARISTOTLE-eligible new users Prevalent users of warfarin eligible at 2 1 Rx date
Missing SES (n=36) of warfarin n=23 089 during study period n=97 267
) . Missing smoking status (n=94) uring study period n=
ARISTOTLE | Yy
apixaban |  Matched ARISTOTLE-eligible apixaban users ready for _ ~ Used as a new user match n=3 902 I
! participants | to matching to ARISTOTLE n=40 241 M"T’“Tg data "',793 v
= Missing systolic BP
n=9120 i el
(n=43) Prevalent users of warfarin eligible at 2 1 Rx date
| People not matched to ARISTOTLE n=31 121 " Missing BMI (n=747) during study period n=93 365
Missing SES (n=25)
l ARISTOTLE-analogous apixaban exposed people n=9120 I Missing smoking Not sampled n=10 959
status (n=17) Dropped at sampling stage n=32 906: |
ion criteria at sampled index |
. date (n=30 988)
ARISTOTLE-analogous VKA- | Propensity- | ARISTOTLE-eligible new users - .
naive apixaban users n=3 912 score maiched of warfarin n=22 296 M'“":fa:’: ::1‘ 9513 g; pled index
to o .
[Missing systolic BP (n=46)
Unmatched n=10 Unmatched n=18 394 [—¥ Missing BMI (n=1 836)
Missing SES (n=66)
l > Missing smoking status (n=34)]
ARISTOTLE-analogous VKA-naive
new users n=3 902 matched pairs v

ARISTOTLE-analogous VKA . Sampled ARISTOTLE-eligible prevalent
experienced apixaban users ready for - - e users of warfarin ready for propensity-score
propensity-score matching n=5 208 matching n=49 500

Unmatched n=264 H ’—’ Unmatched n=44 556

ARISTOTLE-analogous VKA-experienced
prevalent users n=4 944 matched pairs

-
Figure 2: Selection of ARISTOTLE-analogous CPRD Aurum Cohort

Flow of number of individuals included in the analysis. AF = atrial fibrillation; ALT = alanine
transaminase; AST = aspartate transaminase; BMI = body mass index; BP = blood pressure; CPRD =
Clinical Practice Research Datalink; HES: Hospital Episodes Statistics; Rx = Prescription; SES =
socioeconomic status; ULN = upper limit of normal; VKA = vitamin K antagonist.

a Severe comorbid condition with life expectancy <1 year or reasons making participation
impractical; b ALT or AST > 2X ULN or Total Bilirubin > 1.5X ULN; ¢ Pregnant or breastfeeding
within 3 years prior

See supplementary table Al in S3 Appendix for detailed list of inclusion and exclusion criteria.
Note: For prevalent warfarin users trial eligibility only revealed at point of random selection into the
cohort for prevalent users. Numbers in figure show maximum theoretical number of warfarin users
available should they be selected only at a time they were eligible for the trial.
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Application of ARISTOTLE inclusion/exclusion criteria and matching to ARISTOTLE

Applying the ARISTOTLE inclusion/exclusion criteria and matching to ARISTOTLE
baseline patient characteristics resulted in a cohort similar to the ARISTOTLE apixaban
participants (Table 3); for example median age was 78 and mean CHADS: score 2.4 in
CPRD Aurum before applying trial criteria and matching whereas the median age of 71 and
mean CHADS; score 2.1 after these steps matched the ARISTOTLE apixaban participants.
The ARISTOTLE-analogous apixaban arm matched the trial arm on prior VKA exposure,
age, sex, stroke risk factors and CHADS: score, and proportion of patients with moderate or

severe renal impairment.

Differences remained on baseline characteristics it was not feasible to match on namely:
ethnicity (95.2% white, 2.4% Asian in CPRD Aurum apixaban vs 82.6% white, 14.4% Asian
in ARISTOTLE) and concomitant medications (amiodarone 3.8%, aspirin 5.8%, digoxin
13.9% in CPRD Aurum apixaban users vs amiodarone 11.1%, aspirin 31.3%, digoxin 32.0%

in ARISTOTLE apixaban arm). See Appendix for details on matching feasibility.

Propensity score matching of CPRD Aurum trial-analogous apixaban users to CPRD

Aurum warfarin users

Results of Propensity score matching

Before propensity score matching, differences between treatment groups were evident for
most baseline variables including age (median age 71 in apixaban vs 78 in warfarin), sex
(apixaban 35.6% female vs warfarin 43.6%), and stroke risk factors [see Table 3]. After
propensity score matching all baseline characteristics were well balanced (maximum
standardised difference 0.031). From 9120 apixaban users only 274 (3.0%) were dropped due

to unsuccessful matching.
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Characteristic - n(%) unless
specified

Age —years , median (IQR)
Female sex

Systolic blood pressure — mmHg,
median (IQR)

Missing
Weight — kg, median (IQR)

Prior myocardial infarction
Prior clinically relevant or
spontaneous bleeding

History of fall within previous
year

Prior use VKA >30 days

Qualifying risk factors
Age > 75 years
Prior stroke, TIA, or SE
Heart failure or reduced
LVEF
Diabetes
Hypertension req. treatment
CHADS:; score, mean £+ SD
CHADS,=0
CHADS; =1
CHADS,;=2

CHADS; >3

No ARISTOTLE criteria
or matching
Apixaban Warfarin
(N=73 843) (N=146 332)
78 (70, 85) 78 (71, 84)
34430 (46.6) 63 321 (43.3)
130 (120, 130 (120, 140)
140)
132 267
79 (67,92) 80 (68,93)
9958 (13.5) 20 406 (13.9)
16972 (23.0) 31034 (21.2)
2443 (3.3) 2 688 (1.8)
24240 (32.8) 102725 (70.2)
45762 (62.0) 93436 (63.9)

20713 (28.1)
22329 (30.2)
20 104 (27.2)
52 406 (71.0)
24415
6494 (8.8)
14 860 (20.1)

19 844 (26.9)

32 645 (44.2)

38132 (26.1)
50 480 (34.5)
40 103 (27.4)
105 097 (71.8)
24+1.4
10 240 (7.0)
28 124 (19.2)
43294 (29.6)

64 674 (44.2)

CPRD Aurum

After applying ARISTOTLE

criteria

Apixaban
(N=41 487)

78 (71, 84)
19 591
47.2)

131 (120,
140)

60
80 (68, 93)

5035 (12.1)
7721 (18.6)

1093 (2.6)

12 558
(30.3)

26730
(64.4)
11422
(27.5)
11 650
(28.1)
11630
(28.0)
31780
(76.6)

25+1.3
134 (0.3)
10 602
(25.6)
12 969
(31.3)
17 783

Warfarin
(N=101 159)

78 (72, 84)
44197 (43.7)
130 (120,
140)

125
80 (69, 94)

13 446 (13.3)
19 007 (18.8)

1561 (1.5)

75 787 (74.9)

68 197 (67.4)
25 898 (25.6)
33 422 (33.0)
28 496 (28.2)
76 923 (76.0)
25+1.2
356 (0.4)
23539 (23.3)
32980 (32.6)

44284 (43.8)

After applying ARISTOTLE criteria,

matching to the trial and PSM apixaban to

warfarin
Apixaban
(N=8 846)

71 (63, 77)
3144 (35.5)

130 (120,
140)
0
85 (73,
100)
1090 (12.3)
1533 (17.3)

137 (1.5)

4944 (55.9)

2770
(31.3)
1711
(19.3)
3052
(34.5)
2243
(25.4)
7 662
(86.6)

21+1.1
52 (0.6)
2971
(33.6)
3157
(35.7)

2666 (30.1)

Warfarin
(N=8 846)

71 (63,77)
3190 (36.1)

130 (120,
140)
0
85 (74, 99)

1074 (12.1)
1507 (17.0)

131 (1.5)

4944 (55.9)

2740
(31.0)
1709
(19.3)
3022
(34.2)
2275
(25.7)
7669
(86.7)

21+ 1.1
55 (0.6)
2912
(32.9)
3239
(36.6)

2640 (29.8)

ARISTOTLE Trial

Standardised = Apixaban

difference

0.008
0.011

0.001

0.003

0.006
0.008

0.006

0.000

0.007

0.001

0.007

0.008

0.002

0.003

0.004

0.014

0.019

0.006

(N=9 120)

70 (63, 76)
3234 (35.5)

130 (120,
140)

82 (70, 96)

1319(14.5)
1525 (16.7)

386 (4.2)

5208 (57.1)

2850 (31.2)
1 748 (19.2)
3235(35.5)
2284 (25.0)
7962 (87.3)
21+ 1.1
54 (0.6)
3046 (33.4)
3262 (35.8)

2758 (30.2)

Warfarin

(N=9 081)

70 (63, 76)
3182 (35.0)

130 (120, 140)

82 (70, 95)

1266 (13.9)
1515 (16.7)

367 (4.0)

5193 (57.2)

2828 (31.1)
1790 (19.7)
3216 (35.4)
2263 (24.9)
7954 (87.6)
2.1+1.1
58 (0.6)
3025 (33.3)
3254 (35.8)

2744 (30.2)
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Medications at index date
ACE inhibitor or ARB

Amiodarone
Beta-blocker

Aspirin

Clopidogrel

Digoxin

Calcium channel blocker

Statin

Non-steroidal anti-
inflammatory

Gastric antacid drugs

Proton pump inhibitor

H2 receptor antagonist
Renal function, creatinine

clearance
Normal, >80 ml/min

Mild imp., >50 to 80 ml/min

Moderate imp. (>30 to 50

ml/min)

Severe imp. (<30 ml/min)

Not reported
Peripheral artery disease
Aortic plaque
Smoking status

Non-smoker

Ex-smoker

34 899 (47.3)

1903 (2.6)
46 173 (62.5)

5209 (7.1%)
2697 (3.7%)
9771 (13.2)
19 659 (26.6)
39027 (52.9)
4953 (6.7)

1833 (2.5)
2844 (38.0)

3188 (4.3)

21591 (29.2)
28976 (39.2)
17 007 (23.0)

4317 (5.8)
1952 (2.6)

5984 (8.1)
17 919 (24.3)

27568 (37.3)

40 815 (55.3)

82 841 (56.6)

4859 (3.3)
88 274 (60.3)

10833 (7.4%)
3697 (2.5%)
33342 (22.8)
39909 (27.3)
82 086 (56.1)
8107 (5.5)

3290 (2.2)
47838 (32.7)

4837 (3.3)

45793 (31.3)
56 742 (38.8)
32881 (22.5)

9251 (6.3)
1665 (1.1)

12 764 (8.7)
40 415 (27.6)

51612 (35.3)

84 850 (58.0)

(42.9)

21656
(52.2)

961 (2.3)
25990
(62.6)

2612 (6.3)

1238 (3.0)

5147 (12.4)
12522
(30.2)
23035
(55.5)

2939 (7.1)

1042 (2.5)
15 197
(36.6)

1586 (3.8)

12 261
(29.6)
17 494
(42.2)
9708
(23.4)
1053 (2.5)
972 (2.3)

2770 (6.7)
8974 (21.6)

15 949
(38.4)
22757
(54.9)

61 435 (60.7)

3259 (3.2)
62016 (61.3)

6429 (6.4)
2177 (2.2)
23322 (23.1)
30379 (30.0)
58 647 (58.0)
5891 (5.8)

2346 (2.3)
31769 (31.4)

3006 (3.0)

31451 (31.1)
41 290 (40.8)
23316 (23.0)

4251 (4.2)
851 (0.8)

7516 (7.4)
25193 (24.9)

36338 (35.9)

58 669 (58.0)

5529 (62.5)

336 (3.8)
6083 (68.8)

514 (5.8)
229 (2.6)

1232 (13.9)
2965 (33.5)

5230 (59.1)
487 (5.5)

180 (2.0)
3052 (34.5)

281 (3.2)

4098
(46.3)
3307
(37.4)
1276
(14.4)
126 (1.4)
39 (0.4)

552 (6.2)
2097
(23.7)

3186

(36.0)
4925

(55.7)

5573 (63.0)

322 (3.6)
6031 (68.2)

557 (6.3)
215 (2.4)
1244 (14.1)
2994 (33.8)

5228 (59.1)
479 (5.4)

180 (2.0)
3104 (35.1)

250 (2.8)

4074
(46.1)
3292
(37.2)
1306
(14.8)
132 (1.5)
42 (0.5)

538 (6.1)
2057
(23.3)

3164

(35.8)
4945

(55.9)

0.010

0.008
0.013

0.020
0.010
0.004
0.007
0.000
0.004

0.000
0.012

0.021

0.005

0.004

0.010

0.006
0.005

0.007
0.011

0.005

0.005

6 464 (70.9)

1009 (11.1)
5797 (63.6)

2859 (31.3)
170 (1.9)
2916 (32.0)
2744 (30.1)
4104 (45.0)
752 (8.2)

1683 (18.5)

3761 (41.2)
3817 (41.9)
1 365 (15.0)

137 (1.5)
40 (0.4)

6368 (70.1)

1042 (11.5)
5685 (62.6)

2773 (30.5)
168 (1.9)
2912 (32.1)
2823 (31.1)
4095 (45.1)
768 (8.5)

1667 (18.4)

3757 (41.4)
3770 (41.5)
1382 (15.2)

133 (1.5)
39 (0.4)
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Current smoker
Missing

Alcohol consumption
Non-drinker

Light, 1 to 14 units per week
Moderate, 15 to 42 units per
week

Heavy, > 42 units per week
Missing

Socioeconomic status (England
IMD2015 Quintile)

1 (least deprived)

2

3

4

5 (most deprived)

Missing

Ethnicity
White

Black
Asian
Other
Mixed
Unknown

Charlson comorbidity
components

Chronic obstructive pulmonary

disease
Connective tissue disease
Peptic ulcer

5236 (7.1)
224
27185 (36.8)
32 190 (43.6)
8950 (12.1)

1 488 (2.0)
3901

18 893 (25.6)
17 203 (23.3)
14 591 (19.8)
12 283 (16.6)
10 804 (14.6)

69

70 703 (95.7)

714 (1.0)
1371 (1.9)
198 (0.3)
152 (0.2)
385 (0.5)

10 324 (14.0)

5377 (7.3)
4 400 (6.0)

9 658 (6.6)
211

52 744 (36.0)

66 072 (45.2)

15916 (10.9)

2028 (1.4)
9223

36 046 (24.6)
33 585 (23.0)
29 856 (20.4)
25614 (17.5)
21066 (14.4)

165

141 019 (96.4)

1326 (0.9)
2481 (1.7)
356 (0.2)
308 (0.2)
448 (0.3)

19 033 (13.0)

9784 (6.7)
8399 (5.7)

2 688 (6.5)
94

14 957
(36.1)

18 762
(45.2)

5053 (12.2)

617 (1.5)
2032

10 867
(26.2)
9768 (23.5)

8207 (19.8)
6767 (16.3)
5843 (14.1)

36

39685

(95.7)

372 (0.9)
774 (1.9)
113 (0.3)

75 (0.2)
252 (0.6)

5411 (13.0)

3000 (7.2)
2161 (5.2)

6 049 (6.0)
102
35905 (35.5)
46 876 (46.3)
11 109 (11.0)

1 149 (1.1)
5893

25270 (25.0)
23473 (23.2)
20 704 (20.5)
17 498 (17.3)
14 098 (13.9)

116

97 735 (96.6)

821 (0.8)
1536 (1.5)
232(0.2)
190 (0.2)
350 (0.3)

12 573 (12.4)

6744 (6.7)
5458 (5.4)

735 (8.3)
0

2802
(1.7)
4135
(46.7)
1563
(17.7)

203 (2.3)
143

2246
(25.4)
2098
(23.7)
1715
(19.4)
1443
(16.3)
1344
(15.2)

8424
(95.2)
104 (1.2)
214 (2.4)
22(0.2)
25(0.3)
42 (0.5)

1138
(12.9)
536 (6.1)
411 (4.6)

737 (8.3)
0

2842
(32.1)
4153
(46.9)
1515
(17.1)
204 (2.3)
132

2231
(25.2)
2057
(23.3)
1759
(19.9)
1465
(16.6)
1334
(15.1)
0

8 444
(95.5)

103 (1.2)

209 (2.4)

22(0.2)

28 (0.3)

25(0.3)

1141
(12.9)
534 (6.0)
393 (4.4)

0.001

0.010

0.004

0.014

0.001

0.004

0.011

0.013

0.007

0.003

0.011

0.001
0.000
0.000
0.006
0.031

0.001

0.001
0.010

7536 (82.6)

125 (1.4)
1310 (14.4)
149 (1.6)
0
0

7493 (82.5)
102 (1.1)
1332 (14.7)
153 (1.7)

0

0
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Liver disease 761 (1.0) 1291 (0.9) 263 (0.6) 642 (0.6) 76 (0.9) 61(0.7)  0.019

Hemiplegia 265 (0.4) 559 (0.4) 147 (0.4) 379 (0.4) 24 (0.3) 16(02)  0.019
Non-haematological Cancer 12567 (17.0) 23 383 (16.0) 6019 (14.5) 14413 (14.2) 1 066 1 146 0.027
(12.1) (13.0)
Haematological cancer 1966 (2.7) 3481 (2.4) 951 (2.3) 2231(2.2) 174 (2.0) 163 (1.8)  0.009
BMI - kg/m?, median (IQR) 28 (24,32) 28 (23,32) 28 (25,32) 28 (25,32) 29 (26,33) 29 (26,33) 0.003
Missing 2270 5858 1166 3593 0 0

Table 3: Baseline characteristics of patients with Atrial Fibrillation prescribed apixaban and warfarin in CPRD Aurum compared with
ARISTOTLE participants: i) before and ii) after applying ARISTOTLE inclusion and exclusion criteria and iii) after matching to the
trial participants.

ACE = angiotensin-converting enzyme; ARB = angiotensin-receptor blocker; BMI=body mass index; CHADS; = stroke risk factor score based on Congestive heart
failure, Hypertension, Age > 75 years, Diabetes, prior Stroke; CPRD = Clinical Practice Research Datalink; IMD2015= Index of Multiple Deprivation 2015;
imp.=impairment; IQR=interquartile range; LVEF=left ventricular ejection fraction; PSM = propensity score matching; SD=standard deviation; SE=systemic
embolism; TIA=transient ischemic attack; VKA = vitamin K antagonist;
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Main results

The hazard ratio (HR) for stroke/systemic embolism (SE) in the propensity score matched
groups was 0.98 (95% CI 0.82,1.19) (Figure 3 and Table A3 in S3 Appendix). This
association was consistent with the non-inferiority margin (upper limit of the 95% CI less
than 1.38) [7] but did not show superiority as predicted by ARISTOTLE [HR 0.79 (95% CI
0.66,0.95)] (Figure 3 and Appendix Table A2 in S3 Appendix). The outcome of all-cause
mortality also showed non-inferiority [Aurum 1.03 (0.93,1.14) vs trial 0.89 (0.80,0.998)] but
did not indicate apixaban superiority. Absolute event rates for the primary outcome and
components were close to the trial for apixaban — for example [comparing Aurum vs trial]
stroke/SE event rate of 1.27%/year vs. 1.27% whereas the warfarin group had a lower event
rate compared with ARISTOTLE (stroke/SE event rate of 1.29%/year vs. 1.60% and
haemorrhagic stroke 0.33 %/yr vs 0.47%/yr) (Figure 3). Mean duration of follow-up in the

cohort was 1.8 years in the apixaban arm and 2.2 years in the warfarin arm.
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Outcome Rate (%/yr) HR (95% ClI)

Apx Warf
Stroke or systemic embolism
ARISTOTLE 1.27 160 0.79(0.66,0.95) ——
CPRD Aurum 127 129  0.98(0.82,1.19) ——
CPRD Aurum TTR <0.75 1.36 147 0.91(0.73,1.14) —
CPRD Aurum TTR 20.75 1.15 1.1 1.05 (0.82,1.34) —
Ischemic or uncertain stroke
ARISTOTLE 097 1.05 0.92(0.74,1.13) —a
CPRD Aurum 092 0.80 1.13(0.90,1.41) —
CPRD Aurum TTR <0.75 095 094 1.00(0.76,1.32) —
CPRD Aurum TTR 20.75 0.85 0.67 1.24 (0.92,1.68) —_—
Hemorrhagic stroke
ARISTOTLE 0.24 047 0.51(0.350.75) ———=——
CPRD Aurum 0.21 0.33 0.67(0.44,1.01) e
CPRD Aurum TTR <0.75 023 036 0.63(0.38,1.04) ————
( )

CPRD Aurum TTR 20.75 0.20 0.31 0.72 (0.43,1.21

Death from any cause

ARISTOTLE 3.52 3.94 0.89(0.80,0.998) —-—
CPRD Aurum 437 4.20 1.03 (0.93,1.14) —.—
CPRD Aurum TTR <0.75 505 527  0.94(0.84,1.06) —a—
CPRD Aurum TTR 20.75 3.75 313 1.20 (1.04,1.37) ——

Figure 3: Forest plot showing hazard ratios (dots) and 95% confidence intervals (lines) for apixaban
vs warfarin. Absolute event rates (%/year) and Hazard Ratio (95% Confidence Intervals) are presented
for key effectiveness outcomes in i) ARISTOTLE, and ii) CPRD Aurum trial-matched cohort, iii) CPRD
Aurum trial-matched with TTR<0.75, and iv) CPRD Aurum trial-matched with TTR>0.75.

Dashed line shows non-inferiority margin 1.38 for the upper bound of the 95% CI of the hazard ratio used
in ARISTOTLE for the primary outcome of stroke or systemic embolism.

For the analysis by TTR inverse probability of treatment weighting was applied to the apixaban users
targeting the treatment effect in the warfarin users with TTR <0.75 and TTR >0.75.

Cl=confidence interval; CPRD=Clinical Practice Research Datalink; HR=hazard ratio; TTR=time in
therapeutic range.

Analysis of impact of warfarin time in therapeutic range (TTR)

TTR was higher in the CPRD cohort than in ARISTOTLE (mean 0.73 vs. 0.62, median 0.76
vs 0.66). Analysis by TTR suggested non-inferiority of apixaban vs warfarin in those with
TTR <0.75 [stroke/SE 0.91 (0.73,1.14), all-cause death 0.94 (0.84,1.06)] (Figure 3).
Apixaban was associated with similar hazards for stroke by category of TTR and increased
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hazards of death compared to warfarin in those with well-controlled warfarin treatment only

(TTR > 0.75) [stroke/SE 1.05 (0.82, 1.34), all-cause death 1.20 (1.04,1.37)] (Figure 3).

Analysis of apixaban dose-adjustment

The proportion of patients meeting the criteria for reduced dose apixaban (Table 4) was
similar between the CPRD ARISTOTLE-analogous apixaban, warfarin, and RCT apixaban
groups (4.9%, 4.9%, and 4.7% respectively). When including the additional NICE criteria of
creatinine clearance 5.1% of apixaban users in the ARISTOTLE-analogous cohort had an
indication for reduced-dose apixaban yet a larger proportion (14.3%) were prescribed reduced
dose apixaban implying some patients in CPRD Aurum may have been prescribed the wrong
dose and/or information on criteria for dose reduction may have been missing from CPRD

Aurum.

Table 4: Apixaban Dose-adjustment in CPRD Aurum compared with ARISTOTLE

CPRD Aurum CPRD Aurum
ARISTOTLE- ARISTOTLE- ARISTOTLE RCT
analogous Apixaban analogous Warfarin Apixaban
(N = 8846) (N = 8846) (N=9120)
Standard 5.0 mg BID 7580 (85.7%) N/A 8692 (95.3%)
dose
Reduced 2.5mg BID 1266 (14.3%) N/A 428 (4.7%)
dose
Reduced dose indicated 434 (4.9%) 436 (4.9%) 428 (4.7%)
per ARISTOTLE
criteria
Reduced dose indicated 454 (5.1%) 459 (5.2%) NR
per NICE criteria

NICE criteria for dose-adjustment included additional criteria of creatinine clearance 15-29
mL/minute. N/A=Not applicable. NR=Not reported.

A further analysis of the quality of dose-adjustment in patients in CPRD Aurum (Table 5)
indicated 10.5% of patients may have been prescribed an incorrect dose of apixaban at the
index prescription based on the data contained in their EHRs. The majority of incorrect dose
relating to patients being prescribed reduced-dose apixaban despite not meeting the criteria

for dose reduction. A large proportion of patients prescribed an incorrect dose had only 1
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dose adjustment criteria (59.6% of those with incorrect dose) suggesting some prescribers
may have thought a dose reduction was warranted when only 1 criteria was present. Other
possible reasons for the incorrect dose-adjustment observed here may be data on the criteria
missing from the EHR record (ie incorrect ascertainment) or consideration of other medical

history which made a prescriber adjust the dose.

Table 5: Quality of apixaban dose-adjustment in CPRD Aurum ARISTOTLE-analogous cohort

Dose Status Against NICE Criteria For Dose- CPRD Aurum
adjustment at Index Date ARISTOTLE-analogous
Apixaban
(N =8846)
Patients on correct dose 7921 (89.5%)
Patients on incorrect dose 925 (10.5%)
Standard 5.0 mg BID dose despite meeting criteria 59 (0.7%)
for dose reduction
Reduced 2.5mg BID dose despite not meeting 866 (9.8%)
criteria for dose reduction
0 dose adjustment criteria recorded in EHR 313 (3.5%)
1 dose adjustment criteria recorded in EHR 553 (6.3%)
Age > 80 years 389 (4.4%)
Body weight < 60 kg 57 (0.6%)
Serum creatinine > 1.5 mg/dL 107 (1.2%)

To assess the impact of the quality of dose-adjustment in the CPRD cohort on the
effectiveness of apixaban a supplementary post hoc analysis was performed looking at the
results in the subset of apixaban patients prescribed the correct dose (N=7921) compared with
IPTW re-balanced warfarin comparators. The results in this subset were consistent with the
primary results showing apixaban to be non-inferior to warfarin (Stroke/SE 0.96 [0.78,1.17],
death 0.97 [0.87,1.09]) with the results moving slightly closer to those observed in

ARISTOTLE.

Safety results

The analysis for safety outcomes is presented in Figure 4 and Table AS in S3 Appendix;
patients on apixaban had a lower risk of major bleeding compared with those on warfarin, HR

(95% CI) 0.88 (0.77,1.00), consistent with ARISTOTLE. Analysis by TTR suggested
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superiority of apixaban for major bleeding in those with TTR <0.75 [0.74 (0.63,0.86)]
whereas apixaban users had a similar risk of major bleeding compared with those with

optimal warfarin control (TTR > 0.75) [1.08 (0.90,1.30)].

Outcome Rate (%/yr) HR (95% CI)
Apx Warf
Major bleeding
ARISTOTLE 213 3.09 0.69 (0.60,0.80) ——
CPRD Aurum 245 277 0.88 (0.77,1.00) ——
CPRD Aurum TTR <0.75 266 3.54 0.74 (0.63,0.86) ——
CPRD Aurum TTR 20.75 222 207 1.08 (0.90,1.30) —

Intracranial bleeding

ARISTOTLE 0.33 0.80 0.42 (0.30,0.58) —_—

CPRD Aurum 0.35 0.50 0.71 (0.51,1.00) S a—
CPRD Aurum TTR <0.75 0.37 0.59 0.62 (0.41,0.92) —_—
CPRD Aurum TTR 20.75 032 0.41 0.80 (0.52,1.24)

Other location bleeding

ARISTOTLE 1.79 227 0.79 (0.68,0.93) —

CPRD Aurum 0.60 0.64 0.93 (0.70,1.22) e

CPRD Aurum TTR <0.75 0.64 0.88 0.72 (0.52,0.99) S —

CPRD Aurum TTR 20.75 0.55 0.42 1.35(0.91,1.99) _

Gastrointestinal bleeding

ARISTOTLE 0.76 0.86 0.89 (0.70,1.15) —_——
CPRD Aurum 152 1.70 0.88 (0.74,1.04) —
CPRD Aurum TTR <0.75 1.68 2.20 0.75 (0.61,0.91) ——

CPRD Aurum TTR 20.75 135 1.26 1.07 (0.85,1.35) — T

Figure 4: Forest plot showing hazard ratios (dots) and 95% confidence intervals (lines) for
apixaban vs warfarin. Absolute event rates (%/year) and Hazard Ratio (95% Confidence Intervals)
are presented for key safety outcomes in i) ARISTOTLE, and ii) CPRD Aurum trial-matched cohort, ,
iii) CPRD Aurum trial-matched with TTR<0.75, and iv) CPRD Aurum trial-matched with TTR>0.75.
For the analysis by TTR inverse probability of treatment weighting was applied to the apixaban users
targeting the treatment effect in the warfarin users with TTR <0.75 and TTR >0.75.

Cl=confidence interval; CPRD=Clinical Practice Research Datalink; HR=hazard ratio; TTR=time in

therapeutic range.

Sensitivity analyses
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Table A7 in S3 Appendix shows the proportion of patients switching treatment. A higher
proportion of patients on warfarin switched to an alternative OAC during follow-up

compared with those on apixaban (16.3% vs 6.1%).

Comparing patients who switched treatment during follow-up with those that continued on
index treatment (Table A8 in S3Appendix) suggests possible selection bias due to attrition in
on-treatment analyses with median TTR markedly lower in warfarin users who switched
treatments compared with persistent warfarin users (median TTR 0.64 vs 0.78). On-
treatment analyses would likely be biased against apixaban since patients doing badly on
warfarin (i.e. with low TTR) who would be more likely to experience events in the warfarin

arm would be censored at treatment switch.

On-treatment analyses censoring around treatment switch or discontinuation are presented for
the effectiveness analyses in the appendix (Table A6 in S3 Appendix); the results show
evidence of the expected attrition bias against apixaban when compared with the ITT results
in Figure 2, for example HR for stroke/SE is 1.04 (0.86, 1.25) in the on-treatment compared

with 0.98 (95% CI 0.82, 1.19) in the ITT analysis.

Repeating the analysis with start of study period shifted forwards a year to investigate the
impact of inclusion of early adopters yielded similar results to the primary analysis (Table A9

in S3 Appendix).

Prior INR control was not included in the propensity score models for the VKA-experienced
due to a high rate of missing prior INR data (missing for 34% in the apixaban arm). A post-
hoc sensitivity analysis including a prior INR control variable in the PSM gave results
consistent with the primary results [Stroke/SE HR 95%CI 1.02 (0.86,1.21)]. Details of this

post hoc analysis are in S3 Appendix.
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Discussion

In our emulation of ARISTOTLE using UK routinely-collected healthcare data we found
results that met our predefined criteria for comparability with the trial. We saw non-
inferiority of apixaban vs warfarin for prevention of stroke or systemic embolism, all-cause
mortality, and major bleeding, but did not see superiority of apixaban vs warfarin for these
outcomes as was seen in ARISTOTLE. We found higher TTR in the patients using warfarin
in our cohort compared with the warfarin arm of ARISTOTLE (median 0.76 vs 0.66). While
our analysis by TTR showed non-inferiority of apixaban vs warfarin for our stroke or
systemic embolism outcome, we observed an increased risk of death on apixaban compared
with patients well-controlled on warfarin (TTR > 0.75) but not when compared with those on
poorly controlled warfarin (TTR<0.75). For major bleeding, while apixaban was superior
when compared to those on poorly controlled warfarin, there was no difference when
compared to those on well controlled warfarin. We saw evidence suggesting sub-optimal
dosing of apixaban in our cohort with approximately 10% of patients in the apixaban arm

prescribed the reduced dose without meeting the criteria for the reduced dose.

We found the differences in the overall treatment-effect estimates between our cohort and
ARISTOTLE may be explained by: the lower proportion of Asian patients in our cohort,
differences in INR control in the warfarin arm of our cohort compared with ARISTOTLE,
and the higher proportion of patients prescribed a reduced dose of apixaban in our cohort

compared with ARISTOTLE.

Our findings are consistent with a UK study of ischemic stroke which compared DOACs with
warfarin [29]. A Danish study found similar results to ours for stroke/SE [30] although they
found apixaban users had a lower risk of death, a study of US claims data [31] also found

apixaban was associated with a lower risk of death. A systematic review and meta-analysis of
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16 studies [32] found pooled results for stroke and ICH that were consistent with ours. One
study (in US claims data) also aimed to replicate ARISTOTLE [33, 34] and in contrast to our
study found superiority for apixaban for stroke/SE, which may be linked to population
differences such as lower TTR in US patients on warfarin [35] and differences in ethnicity.
None of these studies matched to the ARISTOTLE trial participants, included prevalent
users. Further details on these studies including design and key results are summarized in

Table A10 in S3 Appendix.

A key strength of our study was the use of a framework which sampled prevalent users (the
continuing users of warfarin in this study) in a way that avoided selection bias facilitating the
construction of a cohort of patients similar to the target trial population, which included both
new users of apixaban and warfarin (VKA-naive) and patients with prior VKA exposure
(VKA-experienced) that were randomised to stay on warfarin or switch to apixaban. The use
of propensity score matching, stratified by treatment history, enabled us to select a matched
cohort well balanced on important covariates. The successful emulation of ARISTOTLE by
our study shows that valid treatment effects can be obtained for important outcomes with
OAC:s using non-interventional methods with routinely collected clinical data. Having
validated this framework, in future studies we can look at the effectiveness of oral
anticoagulants in AF patient groups not included or underrepresented in the RCT such as
elderly patients and those at increased bleeding risk. We also recommend future analyses
with an extended follow-up period compared with this study to compare the long term
outcomes seen in the non-interventional cohort with projected long-term outcomes from the

RCT.

An additional strength of our study was the ability to explore the quality of warfarin
treatment in our cohort and the impact of INR control on the treatment effect estimates. Our

finding that the benefits of apixaban vs warfarin for some outcomes depended on the quality
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of INR control in the warfarin arm answers questions raised in the NICE premeeting briefing
which looked at apixaban in the NVAF population and noted the TTR seen in ARISTOTLE
“may be lower than what is typical in UK clinical practice” and “apixaban compared with
well-controlled warfarin (TTR 75% or more) may not be superior in the long term” [8].
ARISTOTLE presented outcomes by centre (for example hospital) TTR quartile and did not
show a signal of treatment efficacy differing by centre TTR quartile. We were able to use
inverse probability of treatment weighting to estimate the treatment effect in the different
warfarin TTR groups and used predicted TTR for warfarin users missing TTR to attempt to

limit the risk of selection bias.

Whilst our study aimed to emulate ARISTOTLE using suitable methods there were several
limitations. Some of the criteria assessed for ARISTOTLE eligibility may not be well
recorded in CPRD leading to a risk of misclassification. Furthermore, misclassification of
ARISTOTLE eligibility criteria and baseline covariates could be differential by treatment in
the VKA-experienced patients if criteria such as renal function are more likely to be checked
before changing treatment. However, the most important risk factors for the primary outcome
of stroke (the components of CHA>DS,-VASc stroke risk score) are mostly well recorded in

CPRD Aurum and HES.

Our cohort did not attempt to match the trial on the use of concomitant medications in order
for our cohort to reflect typical UK prescribing. In ARISTOTLE 31% of participants were
using aspirin and 11% using amiodarone at baseline whereas, in our cohort only 6% were
recorded as using aspirin and 4% amiodarone. Amiodarone potentiates the effects of warfarin
and concomitant use of amiodarone with DOAC:s is associated with increased risk of major
bleeding [36], whilst concomitant use of aspirin increases the risk of bleeding for both

warfarin[37] and DOACs [38]. The difference in concomitant medication usage between our
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cohort and the trial population may explain some of the observed differences in treatment

effects.

A key limitation of our study was the inability to match ARISTOTLE on ethnicity meaning
the CPRD Aurum cohort included a low number of patients from Asian and Hispanic groups
when compared with the RCT (14.5% of participants in ARISTOTLE were Asian compared
to 2.4% in our ARISTOTLE-analogous CPRD cohort). There are known racial differences in
the treatment effects of OACs with Asian patients experiencing a higher risk of haemorrhagic
stroke and intracranial haemorrhage compared with White patients; in ARISTOTLE Asian
participants experienced double the risk of stroke or systemic embolism when on warfarin
therapy when compared with white participants [39]. The reasons for the increased risk of
bleeding associated with warfarin therapy in Asian patients is hypothesised to be associated
with differences in drug metabolism and prevalence of cerebral microbleeds [40]. The
difference in proportion of Asian patients between our cohort and ARISTOTLE is therefore
likely to explain some of the differences in treatment effects seen and limits the
generalisability of our study, with the results of our study of most relevance to White
patients. This limitation on ethnicity arose from the data source used and time period studied
(patients with AF in CPRD Aurum 2013-2019) which had a low proportion of Asian patients,
likely due to AF being associated with older age combined with a lower prevalence of AF in
Asian patients compared with white patients [41]. Whilst CPRD Aurum is largely
representative of the UK population in relation to ethnicity [42], diversity is still limited for
older individuals. Despite this, CPRD Aurum has shown to be a useful resource for
investigating treatment effects in different ethnic groups for indications such as hypertension
which is more prevalent and occurs at a younger age in ethnic minority groups, with similar
trial replication methods used to compare antihypertensive treatment effects in

underrepresented ethnic groups [13].
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The approach our study used for handling missing data on baseline covariates relied on
assumptions on the relationship between missingness, treatment, and outcomes which may
not be valid; however the low proportion of missing data means that this is unlikely to have
impacted the results. In the coarsened exact matching step the choice of variables will have
an impact on the resulting cohort selected meaning a different combination of variables could
lead to different results. There is a risk that residual confounding may be present despite the
use of propensity score matching. The use of propensity score matching also has the potential
to introduce bias by dropping patients from the cohort [19], however propensity score
matching is well suited to the process of trial emulation including prevalent users and a low
number of apixaban users were dropped due to unsuccessful matching. The inclusion of
prevalent users of warfarin in the cohort risks the introduction of selection bias[20,21]; this
was avoided by use of a method shown to produce unbiased estimates in a simulation study
[21]. We found consistent results between our new and prevalent user strata across multiple
outcomes providing reassurance the method used was likely to have successfully avoided

selection bias.

Apixaban along with other DOACs were rapidly adopted as preferred first line OAC in AF
during the study period; it was therefore not possible to match on calendar date leading to a
difference in follow-up time between the treatment arms in our cohort. A higher proportion of
warfarin users switched to alternative OAC during follow-up compared with those prescribed
apixaban (16% vs 6%). The impact of this differential switching during follow-up was
addressed in the sensitivity analyses. The availability of new alternative treatments during the
study period also means there is a risk of channelling bias in that over time the patients still
on warfarin are more likely to be those doing well on warfarin. INR control prior to the index
date was not included in the propensity score for the prevalent users due to a high rate of

missing data, however, other variables associated with poor INR control were included in the
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models and an exploratory post-hoc analysis including a variable for poor INR control gave

results consistent with the primary results.

Adherence to treatment was difficult to assess in our study due to automatic repeat
prescriptions; treatment persistence was more useful in providing a measure of pattern of
medicine use over time. In the analysis by TTR the adherence of patients using apixaban was
not accounted for, however, a previous UK study showed apixaban had higher adherence
than VK As [41] meaning we would expect to see better effectiveness outcomes in apixaban.
Furthermore, the use of IPTW in the analysis by TTR means predictors of poor adherence are
likely to have been balanced between treatments. The analysis of TTR is limited by this being
a post-baseline measure available for only one treatment arm leading to a risk of selection
bias in this analysis — patients with TTR available in the study may be more healthy than
those without this measure given that patients have to survive and not be hospitalised to have
INR measurements available in CPRD Aurum. The limitation of use of a post-baseline
measurement available for one treatment arm was also evident in the RCTs of DOACs vs
warfarin and is mitigated in our study through the use of IPTW and predicted TTR for
patients that were missing TTR (using a model to predict TTR that used INR measurements
restricted to the first year of follow-up). Given the risk of selection bias in the analysis by
TTR and risk of miss-classification of TTR for those missing TTR, these results should be
considered exploratory and interpreted with caution. Sensitivity analyses in our cohort using
an on-treatment censoring scheme showed evidence of attrition bias. The regular
measurement of INR and availability of alternative anticoagulants makes warfarin therapy
particularly prone to attrition bias since a patient may be more likely to switch to a DOAC if
their INR is frequently out of the optimal range or if they have not been adhering to

scheduled INR testing.
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To conclude, we found that applying a reference trial emulation approach allowed us to
emulate a landmark randomized trial of apixaban versus warfarin using UK non-
interventional data, with results meeting pre-specified benchmarking criteria based on the
reference trial results. This trial emulation method provides valid treatment effect estimates
for apixaban compared to warfarin and can be used to determine risks and benefits of AF
medications in people treated in routine clinical care. This study demonstrates a successful
real world application of novel methods that have been proposed for the inclusion of
prevalent users in observational studies, with the application of an adaptation to mimic the
screening process making the method suitable for emulation of RCTs that include prevalent
users. These methods could be adapted for emulation of RCTs in other therapeutic areas and

for looking at patient groups under-represented or excluded from RCTs.

The weaker overall treatment benefit observed in our cohort appears to be due to a higher
proportion of patients with well-controlled warfarin in the UK clinical context, compared
with the trial. Our exploratory analysis by TTR showed similar results for stroke and a greater
benefit for apixaban for major bleeding compared with TTR<0.75; conversely a slightly

higher risk of death was observed on apixaban compared with well-controlled warfarin.

The views expressed in this paper are those of the author and not do not necessarily reflect
those of the SFDA or its stakeholders. Guaranteeing the accuracy and the validity of the data

is a sole responsibility of the research team.
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5.2. Additional results from the emulation of ARISTOTLE in CPRD
Aurum

5.2.1. Additional result 1: sensitivity analysis requiring = 2 prescriptions of
the index treatment (minimum exposure requirement)

To understand the impact of incorrect ascertainment of exposure, a sensitivity analysis was
performed in which patients were required to have at least 2 prescriptions of the treatment of
interest. When a patient has only one prescription for the treatment of interest there is

uncertainty surrounding whether the patient actually took the treatment.

The results with this minimum exposure requirement (Tables A1.3.1 and A1.3.2 in the
appendix) were broadly consistent with the main results for the key outcomes of interest
showing non-inferiority of apixaban vs warfarin for Stroke/SE (HR 0.97 95% CI [0.83, 1.13]
vs 0.98 [0.82, 1.19] in the main analysis), a similar risk of death (0.99 [0.91, 1.09] vs 1.03
[0.93, 1.14] in the main analysis), and major bleeding (0.85 [0.76, 0.96] vs 0.88 [0.77, 1.00]

in the main analysis).

5.2.2. Additional result 2: results in the VKA-naive and VKA-experienced
from the ARISTOTLE emulation

In studies including prevalent and new users it is recommended to compare the results in the
new users and prevalent users strata to check results by prior exposure status are plausible
and confirm there is no evidence of selection bias. In the case where the selection of
continuing users has been conducted in such a way that selection bias is present one may see
large implausible treatment effect estimates in the prevalent user group that differ markedly
from the new user group. For example, applying a ‘severe comorbid’ exclusion criteria to a
pool of potential index dates first before selecting a random index date would enrich the
cohort of prevalent users continuing on the comparator with negative outcome events that

define the eligibility criteria (such as cancer with short median survival). The effect of this
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form of bias may be especially evident in the outcome of all-cause mortality and is a
particular risk in trial emulation where the checking of eligibility criteria can introduce bias if
an appropriate procedure is not used (such as the prevalent new user design and alternative
approaches based on this which should avoid selection bias).

The simulation study by Webster-Clark et al (136) suggested the method used in the
ARISTOTLE emulation should not introduce selection bias; the simulation study found the
‘forward sampling method’ which I used gave a risk ratio of 0.997 for a true underlying
effect of 1.00 in the simulated data, a result close to that achieved with the full PNU design
(0.999). In the context of VKA exposure previous studies have suggested new users of
warfarin have an increased risk of adverse outcomes therefore it was expected that the
direction of treatment effect estimates would trend towards slightly more benefit of apixaban

over warfarin in the new user strata when compared with the VK A-experienced.

Table 5.1 Results in the CPRD Aurum ARISTOTLE-analogous cohort by prior VKA
exposure strata

Apixaban  Warfarin
Event Rate Event Rate  Hazard Ratio P value for

%lyr %lyr 95% CI) interaction
Stroke or systemic embolism
Prior use of VKA 0.616
No (VKA-naive) 1.03 1.09 0.92 (0.68, 1.26)
Yes (VKA-experienced) 1.47 1.44 1.02 (0.81, 1.29)
Major bleeding
Prior use of VKA 0.417
No (VKA-naive) 2.01 2.42 0.81 (0.65, 1.02)
Yes (VKA-experienced) 2.79 3.04 0.91 (0.77, 1.08)
All-cause death
Prior use of VKA 0.914
No (VKA-naive) 2.94 2.81 1.04 (0.86, 1.26)
Yes (VKA-experienced) 5.49 5.34 1.03 (0.92, 1.16)

Cl=confidence interval; VK A=vitamin K antagonist; yr= year.

The results by prior VKA experience showed no significant interaction effect (Table S1.3.3)

and the results were broadly consistent between the two groups, though there was a trend
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towards lower hazard ratios in the VKA-naive compared to the VKA-experienced in line with
the expected trend. ARISTOTLE also saw no significant difference in treatment effect

estimates between the VK A-naive and VKA-experienced.

5.2.3. Additional result 3: supplementary analysis on impact of time in
therapeutic range

Warfarin users were dichotomised based on having TTR < 0.75 or TTR >0.75. These groups
were selected in an attempt to answer a question from a professional group included in the
NICE review of ARISTOTLE: “A lower TTR would be associated with more adverse
outcomes in the warfarin arm and apixaban compared with well-controlled warfarin (TTR
75% or more) may not be superior in the long term” and also reflects 0.75 being a commonly

selected cut-off for defining good INR control in warfarin.

An analysis by TTR was performed targeting 1) the treatment effect in apixaban compared
with warfarin users with TTR < 0.75 and ii) the treatment effect in apixaban compared with
warfarin users with TTR > 0.75 in an attempt to assess the impact of the quality of warfarin

therapy on the relative harms and benefits of apixaban vs warfarin.

Analysis conditional on the observation of post-baseline measurements in one treatment arm
is likely to result in selection bias - patients on warfarin must survive to have INR
measurements in CPRD Aurum enabling derivation of TTR whereas no such restriction
would be placed on the patients on apixaban. The minimum time taken for TTR to be derived
is immortal time(138) which may bias the hazard ratios upwards making apixaban look less
effective than the true underlying treatment effect in an analysis by TTR. In addition to the
problem of immortal time bias in the warfarin groups defined by post-index date TTR,
additional uncertainty in the analysis by TTR may be caused by the exclusion of patients for

whom it is not possible to derive TTR due to missing INR data. An analysis restricted to
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those with TTR would be making the assumption that TTR is missing completely at random
which is unlikely to be valid. Assumptions made on the patients with missing INR data are
likely to have a large impact on the treatment effect estimates and the effect of the selection
bias introduced wherein conditioning on presence of a post-index date measure would lead to
warfarin users with early events being removed from the analysis and a resulting

underestimate of the relative effectiveness of apixaban vs warfarin

The analysis by TTR must therefore attempt to avoid selection bias by including patients with
missing TTR. TTR is unlikely to be missing at random for all patients (for example those that
experience an event early on may have TTR missing due to hospitalisation and event may be
related to lower ‘unobserved’” TTR), conversely should TTR be missing because a patient is
having INR monitored at a specialised clinic or via self-testing then an assumption of missing
at random may be more reasonable though a higher TTR than average may also be a
reasonable assumption for these reasons for missing data. A pragmatic approach was taken to
account for patients with missing TTR by using the data from the patients with TTR data to
model TTR based on baseline variables (age, sex, BMI, smoking status, diabetes, congestive
heart failure, statins, ACEi or ARB, beta-blockers, digoxin, amiodarone, NSAIDs, PPI, prior
VKA exposure (naive, <6 months prior exposure, >= 6 months prior exposure), alcohol
consumption, index of multiple deprivation (IMD)2015 5, renal function, COPD). Use of a
model to predict TTR was inspired by the analysis of TTR data in ARISTOTLE(139). A
mixed model to predict continuous TTR and a logistic regression model to predict TTR
category were trialled and the model with the best performance at predicting TTR in the
patients with actual TTR was selected. The logistic regression model had superior
performance for classifying patients by TTR category and was used to predict TTR category
for the patients on warfarin that were missing TTR, thereby allowing all patients to be

included in the analysis and attempt to minimise the risk of selection bias.
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Inverse probability of treatment weighting was used estimating propensity scores for the
warfarin users in each TTR group of interest compared with all apixaban users in the cohort,
and then applying stabilised weights based on these propensity scores to the apixaban users to
calculate the average treatment effect in the warfarin users by TTR. When implementing this
analysis, a similar approach to the main analysis was used for the calculation of propensity
scores: models were fit separately for the new and prevalent users, and in the prevalent users

models were fit in the separate treatment history strata.

5.2.4. Additional Result 3: ARISTOTLE-eligible new users

In the literature review in Chapter 3 most non-interventional studies comparing apixaban to
warfarin were in new users of OACs and the only other study attempting to emulate
ARISTOTLE, by the RCT-DUPLICATE initiative(20), applied only the eligibility criteria,
did not match to the trial, and included only new users. To explore the effect of the step of
matching to the trial participants on baseline characteristics an additional analysis was
conducted using the CPRD Aurum data source omitting this step. Furthermore, to aid
comparison with the other non-interventional studies in this therapeutic area (in particular

RCT-DUPLICATE), this analysis was restricted to new users.

In this analysis the reference trial eligibility criteria were applied followed by propensity
score matching the warfarin and apixaban users. The differences between the two approaches
is illustrated in Figure 5.1: the emulation of ARISTOTLE presented in Section 5.1 was
looking at the treatment effects in patients in UK data that met the ARISTOTLE eligibility
criteria and matched the ARISTOTLE participants on key baseline characteristics including
prior VKA exposure. By contrast, this analysis in the ARISTOTLE-eligible new users was
looking at treatment effects in patients in UK data that met the ARISTOTLE eligibility

criteria and were new users of warfarin or apixaban.
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Figure 5.1 Illustration of the different subsets of patients studied in i) Analysis 1 the full
emulation of ARISTOTLE and ii) Analysis 2 looking at the ARISTOTLE-eligible new
users

AF=atrial fibrillation; VK A=vitamin K antagonist.

Based on the literature review, the comparison of baseline characteristics of patients in CPRD
Aurum after applying the ARISTOTLE eligibility criteria, and the results by prior VKA
exposure strata, this analysis was expected to include a higher proportion of female and older
patients and to show greater benefit of apixaban over warfarin (lower HR estimates) when

compared to the ARISTOTLE emulation that included the matching step.

The baseline table of results for the ARISTOTLE-eligible new users in CPRD Aurum (Table

5.2) shows that people in the apixaban arm were older than in the primary emulation that
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included the matching step (60.4% aged 75 years or older compared with 31.3%) with a
higher proportion of female participants (45.6% vs 35.5%). CHADS: stroke risk factors also
differed in the apixaban arm from the ARISTOTLE emulation with a lower proportion of
patients with heart failure or reduced left ventricular ejection fraction (LVEF) (21.5% vs
34.5%), a lower proportion of patients with hypertension requiring antihypertensive treatment
(78.2% vs 86.6%), and a higher proportion of patients with CHADS: score >3 (34.1% vs
30.1%). The use of other medications at index date differed from the trial emulation with a
higher rate of aspirin use (9.5% vs 5.8% in the apixaban arm) and a lower rate of use of
amiodarone and digoxin. A higher proportion of patients had moderate or severe renal

impairment compared with the emulation.

The effectiveness results in the ARISTOTLE-eligible matched new user cohort (Table 5.3)
showed treatment effect estimates consistent with the ARISTOTLE emulation and the
primary effectiveness outcome met the benchmarking criteria. For the safety outcomes (Table
5.4), a lower risk of major bleeding was seen for apixaban vs warfarin (HR 0.86 95% CI
[0.78, 0.94]) whereas in the main analysis this trend was borderline significant (HR 0.88 95%
CI[0.77, 1.00]), and similarly for intracranial bleeding and other location bleeding. A slightly
lower TTR was observed in this analysis compared with the full emulation (mean 0.69 vs
0.73, median 0.74 vs 0.76) which may explain the greater benefit for apixaban over warfarin

observed.
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Table 5.2 Baseline characteristics of the CPRD Aurum ARISTOTLE-eligible cohort of

new users after propensity score matching

Characteristic

Age - years, median (IQR)
Female sex-no.(%)
Systolic blood pressure - mm Hg, median (IQR)
Weight - kg, median (IQR)
Prior myocardial infarction - no. (%)
Prior clinically relevant or spontaneous bleeding —
n0.(%)
History of fall within previous year — no. (%)
Qualifying risk factors
Age > 75 years - no. (%)
Prior stroke, TIA, or systemic embolism - no. (%)
Heart failure or reduced left ventricular ejection
fraction - no. (%)
Diabetes - no. (%)
Hypertension requiring treatment - no. (%)
CHADS; score
Mean
Distribution - no. (%)
0
1
2
>3
Medications at index date - no. (%)
ACE inhibitor or ARB
Amiodarone
Beta-blocker
Aspirin
Clopidogrel
Digoxin
Calcium blocker
Statin
Nonsteroidal anti-inflammatory agent
Gastric antacid drugs
Proton pump inhibitor
H2 receptor antagonist
Renal function, creatine clearance - no. (%)
Normal, >80 ml/min
Mild impairment, >50 to 80 ml/min
Moderate impairment (>30 to 50 ml/min)
Severe impairment (le 30 ml/min)
Not reported
Other risk factors and covariates
Peripheral artery disease - no. (%)
Aortic plaque - no. (%)
Smoking status - no. (%)
Non-smoker
Ex-smoker
Current smoker
Alcohol consumption - no. (%)
Non-drinker
Light drinker, up to 14 units per week

Apixaban
(N=18 684)

77 (70, 82)
8529 (45.6)

132 (120, 140)

80 (69, 94)
2159 (11.6)
2826 (15.1)

237 (1.3)

11 278 (60.4)
3824 (20.5)
4025 (21.5)

4954 (26.5)
14 606 (78.2)

22+1.2

50 (0.3)
5711 (30.6)
6557 (35.1)
6366 (34.1)

10 161 (54.4)
343 (1.8)
11491 (61.5)
1771 (9.5)
710 (3.8)
1622 (8.7)
6220 (33.3)
10 352 (55.4)
1258 (6.7)
471 (2.5)
6379 (34.1)
607 (3.2)

6298 (33.7)

8 150 (43.6)

3707 (19.8)
392 (2.1)
137 (0.7)

1092 (5.8)
3560 (19.1)

6 884 (36.8)
10 512 (56.3)
1 288 (6.9)

6 655 (35.6)
9325 (49.9)

Warfarin
(N=18 684)

77 (70, 83)
8486 (45.4)

132 (121, 140)

81 (70, 94)
2160 (11.6)
2791 (14.9)

218 (1.2)

11 270 (60.3)
3 858 (20.6)
3971 (21.3)

4959 (26.5)
14 581 (78.0)

22+1.2

52 (0.3)
5710 (30.6)
6563 (35.1)
6359 (34.0)

10 258 (54.9)
354 (1.9)
11438 (61.2)
1 948 (10.4)
734 (3.9)
1673 (9.0)
6203 (33.2)
10 365 (55.5)
1 224 (6.6)
463 (2.5)
6371 (34.1)
611 (3.3)

6342 (33.9)

8 124 (43.5)

3694 (19.8)
380 (2.0)
144 (0.8)

1113 (6.0)
3598 (19.3)

6818 (36.5)
10 585 (56.7)
1281 (6.9)

6617 (35.4)
9382 (50.2)

Standardised
difference

.005
.005
.000
.008
.000
.005

.009

.001
.005
.007

.001
.003

.003

.002
.000
.001
.001

.010
.004
.006
.032
.007
.010
.002
.001
.007
.003
.001
.001

.005
.003
.002
.005
.004

.005
.005

.007
.008
.001

.004
.006
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Characteristic
Moderate drinker, 15 to 42 units per week
Heavy drinker, more than 42 units per week
Socioeconomic status - no. (%)
England IMD2015 quintile 1(least deprived)
England IMD2015 quintile 2
England IMD2015 quintile 3
England IMD2015 quintile 4
England IMD2015 quintile 5(most deprived)
Ethnicity - no. (%)
White
Black
South Asian
East Asian
Mixed
Other
Unknown
Charlson comorbidity index components - no. (%)
Chronic obstructive pulmonary disease
Connective tissue disease
Peptic ulcer
Liver disease
Hemiplegia
Cancer
Haematological cancer
BMI - kg/m?, median (IQR)
ORBIT score
Low bleeding risk (score 0-2)
Medium bleeding risk (score 3)
High bleeding risk (score 4-7)

Apixaban

(N=18 684)

2424 (13.0)
280 (1.5)

4749 (25.4)
4398 (23.5)
3751 (20.1)
3121 (16.7)
2665 (14.3)

17 949 (96.1)
182 (1.0)
362 (1.9)

29 (0.2)
40 (0.2)
42 (0.2)
79 (0.4)

2228 (11.9)
1152 (6.2)
977 (5.2)
95 (0.5)
44 (0.2)
2505 (13.4)
364 (1.9)
28 (25,32)

13 844 (74.1)
2659 (14.2)
2181 (11.7)

Warfarin

(N=18 684)

2411 (12.9)
274 (1.5)

4703 (25.2)
4372 (23.4)
3787 (20.3)
3164 (16.9)
2658 (14.2)

17 944 (96.0)
180 (1.0)
360 (1.9)

31(0.2)
43 (0.2)
44 (0.2)
82 (0.4)

2196 (11.8)
1152 (6.2)
979 (5.2)
103 (0.6)
36 (0.2)
2496 (13.4)
364 (1.9)
28 (25,32)

13920 (74.5)
2570 (13.8)
2194 (11.7)

Standardised
difference
.002
.003

.006
.003
.005
.006
.001

.001
.001
.001
.003
.003
.002
.002

.005
.000
.000
.006
.009
.001
.000
.004

.009
.014
.002

ACE = angiotensin-converting enzyme; ARB = angiotensin-receptor blocker; BMI=body mass index; CHADS:
= stroke risk factor score based on Congestive heart failure, Hypertension, Age > 75 years, Diabetes, prior

Stroke; CPRD = Clinical Practice Research Datalink; IMD2015= Index of Multiple Deprivation 2015;
IQR=interquartile range; LVEF=left ventricular ejection fraction; PSM = propensity score matching;
SD=standard deviation; SE=systemic embolism; TIA=transient ischemic attack.
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Table 5.3: Effectiveness Results in the CPRD Aurum ARISTOTLE-eligible matched
cohort of new users (intent-to-treat)

Apixaban Group Warfarin Group
All Patients (N=18 684) (N=18 684)
Patients Event Patients Event
with Event  Person Rate with Event Person Rate Hazard Ratio

Outcome no. years %/yr no. years %/yr (95% CI)
Primary outcome: stroke or systemic embolism 439 32515 1.35 600 41003 1.46 0.91 (0.80, 1.03)

Stroke 397 32553 1.22 525 41075 1.28 0.94(0.82, 1.07)

Ischemic or uncertain type of stroke 325 32594  1.00 378 41169 092 1.07 (0.92, 1.24)

Hemorrhagic stroke 84 32810 0.26 168 41363 0.41 0.63(0.48,0.81)

Systemic embolism 45 32817 0.14 81 41392 020 0.67 (0.47, 0.96)
Key secondary: death from any cause 1798 32856 547 2234 41466  5.39  1.01(0.95, 1.08)
Other secondary outcomes

Stroke, SE, or death from any cause 2115 32515 6.50 2613 41003  6.37 1.01(0.96, 1.07)

Myocardial infarction 289 32605 0.89 332 41175 0.81 1.08 (0.92, 1.27)

Stroke, SE, myocardial infarction, or death 2321 32269 7.19 2816 40723  6.92 1.03(0.98, 1.09)
from any cause

Pulmonary embolism or deep-vein 80 32795 0.24 147 41342 036 0.67 (0.51, 0.88)
thrombosis

Note: time to event outcomes analysed using a Cox proportional hazards model with robust standard errors
stratified by prior VKA exposure status. Patients were censored at the earliest of (outcome event, death, transfer
out of practice, last collection date, 2.5 years after the index date).

Table 5.4: Safety results in the CPRD Aurum ARISTOTLE-eligible matched cohort of
new users

Apixaban Group Warfarin Group
All Patients (N=18 684) (N=18 684)
Patients Event Patients Event
with Event  Person Rate with Event  Person Rate Hazard Ratio

Outcome no. years %lyr no. years %lyr (95% CI)
Primary safety outcome: major bleeding 810 30942 2.62 1082 36161 2.99 0.86(0.78, 0.94)

Intracranial 129 31521 041 208 36987 0.56 0.73(0.59,0.91)

Other location 175 31439 0.56 262 36874 0.71 0.77 (0.64, 0.94)

Gastrointestinal 535 31149  1.72 650 36530 1.78  0.94 (0.84, 1.05)
Net clinical outcomes

Stroke, SE, or major bleeding 1124 30700 3.66 1417 35957 394 0.91(0.84, 0.99)

Stroke, SE, major bleeding, or death from 2438 30700 7.94 2699 35957 7.51 1.04 (0.98, 1.10)
any cause

Note: time to event outcomes analysed using a Cox proportional hazards model with robust standard errors
stratified by prior VKA exposure status. Patients were censored at the earliest of (outcome event, death, transfer
out of practice, last collection date, derived date of last exposure to index treatment).
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Table 5.5: Effectiveness Results in the CPRD Aurum ARISTOTLE-eligible matched
cohort of new users (on-treatment)

Apixaban Group Warfarin Group
(N=18 684) (N=18 684)
Patients Event Patients Event
with Event  Person Rate with Event Person Rate Hazard Ratio

Outcome no. years %/yr no. years %/yr (95% CI)
Primary outcome: stroke or systemic embolism 421 32515 1.29 514 41003 1.25 1.00 (0.88, 1.14)

Stroke 380 32553 1.17 450 41075 1.10  1.04(0.90, 1.19)

Ischemic or uncertain type of stroke 313 32594 0.96 320 41169 0.78  1.19 (1.02, 1.40)

Hemorrhagic stroke 78 32810 0.24 149 41363 0.36  0.65(0.50, 0.86)

Systemic embolism 43 32817 0.13 67 41392 0.16 0.76 (0.52, 1.12)
Key secondary efficacy outcome: death from 1726 32856  5.25 1908 41466  4.60  1.13 (1.06, 1.20)
any cause
Other secondary outcomes

Stroke, systemic embolism, or death from 2034 32515  6.26 2246 41003 548 1.12(1.06, 1.19)
any cause

Myocardial infarction 285 32605 0.87 306 41175 0.74  1.15(0.98, 1.36)

Stroke, systemic embolism, myocardial 2242 32269 6.95 2444 40723  6.00 1.14(1.07,1.20)
infarction, or death from any cause

Pulmonary embolism or deep-vein 77 32795 0.23 130 41342 031 0.72 (0.54, 0.95)
thrombosis

Note: time to event outcomes analysed using a Cox proportional hazards model with robust standard errors
stratified by prior VKA exposure status. Patients were censored at the earliest of (outcome event, death, transfer
out of practice, last collection date, 2.5 years after the index date, derived date of last exposure to index
treatment).

The on-treatment results (Table 5.5) showed evidence of attrition bias in the warfarin arm as

was observed in the full emulation.

5.3. Summary

This chapter presented the results for the emulation of the ARISTOTLE RCT using UK
electronic healthcare records (CPRD Aurum linked to HES and ONS). The results showed
that the pre-specified benchmarking criteria were met and found non-inferiority of apixaban
vs warfarin; however, superiority of apixaban vs warfarin (as seen in ARISTOTLE) was not
observed. The results observed showed a slightly lower benefit for apixaban over warfarin in
the UK population compared with ARISTOTLE results which may be due to the lower
proportion of Asian patients and higher TTR of warfarin users in the UK when compared

with ARISTOTLE. It is probable that the TTR of the warfarin users in this CPRD cohort may
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not be representative of, and is likely to be higher than, the TTR that would be seen in the

absence of alternative OAC treatments (before DOACs were available).

The successful emulation of ARISTOTLE suggests that the methods we applied to CPRD
Aurum data are able to identify valid effect estimates for OACs used to treat AF. As a
consequence, this increases our confidence in applying the same methods in excluded or
under-represented groups treated with OACs for AF, and it is also possible they could be

adapted to emulate reference trials in other therapeutic areas.

The results paper was followed by additional results from sensitivity analyses that showed
that applying a minimum exposure requirement gave results consistent with the primary
analysis. The results of the primary analysis in the prior VKA exposure strata were consistent
and showed no evidence of selection bias in the prevalent users. An alternative analysis
assessing the results in the ARISTOTLE-eligible population (without matching to the
baseline characteristics of the ARISTOTLE population and restricting to new users) gave
results consistent with the full emulation for effectiveness but showed a significant reduction
in the risk of major bleeding on apixaban vs warfarin whereas this result was borderline
significant in the full emulation. This difference can be explained by the larger sample size of
the eligible new-user analysis when compared with the full emulation providing more
precision in the treatment effect estimates (narrower confidence intervals). Other potential
reasons may include a slightly lower TTR when restricting to new users, and potentially
greater benefit of apixaban over warfarin in older and female patients that comprised a larger

proportion of this cohort when compared with the full trial emulation.

The next chapter will present the results of using the methodological framework to explore

the effectiveness and safety of apixaban vs warfarin in CPRD Aurum in special patient
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populations excluded from ARISTOTLE (patients at increased risk of bleeding) or under-

represented in ARISTOTLE (patients aged > 75 years).
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Chapter 6  Objective 3: Extension to excluded or
under-represented patient groups

This chapter will describe the extension of the analysis to patient groups of interest
using the methodological template developed in the emulation of ARISTOTLE:

- Patients aged > 75 years that were under-represented in ARISTOTLE

- Patients at increased bleeding risk that were excluded by the ARISTOTLE

eligibility criteria

6.1. Introduction

In the results presented in Chapter 5 of the emulation of ARISTOTLE in CPRD Aurum, the
numbers of users of apixaban in CPRD Aurum excluded by the different exclusion criteria

was presented and is shown below in Table 6.1.

Some of the exclusion criteria have an insufficient sample size to permit assessment of
treatment effects. Other exclusion criteria with larger sample sizes are comprised of a diverse
range of conditions such as the severe comorbid condition which includes groups such as
patients with cancer with short median survival, dementia, and severe mental health
conditions. To account for the range of diverse conditions contributing to the severe
comorbid criteria it would be more useful for clinicians and patients to estimate treatment
benefits and harms in ‘meaningful’ distinct subsets of this group such as in people with
cancer and separately in people with dementia. However, cancer itself is an umbrella term
comprising a wide range of conditions with different risks and outcomes making it difficult to
account for confounding in this group, further complicated by the relatively small sample
sizes that would result from looking in these subsets after applying the other exclusion

criteria. For some criteria such as severe renal insufficiency, analysis would be complicated
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by the high probability of a switch from DOAC to warfarin in patients with worsening renal

function reflecting common practice during the study period.

Table 6.1 Number of patients in CPRD Aurum prescribed apixaban excluded by
ARISTOTLE exclusion criteria

Apixaban users *
(N=67 539)
Excluded due to any ARISTOTLE exclusion criteria 26 052
AF reversible causes 2 625
Moderate or severe mitral stenosis 585
Increased bleeding risk 8 463
Other condition req. chronic anticoagulation 3154
Persistent uncontrolled hypertension 1 602
Active infective endocarditis 52
Concomitant aspirin > 165 mg/day 31
Concomitant aspirin + thienopyridine 421
Severe comorbid condition® 8312
Alcohol or drug abuse 2263
Recent ischemic stroke (within 7 days) 462
Severe renal insufficiency 2 969
Elevated ALT, AST, or Total Bilirubin® 1 485
Platelet < 100,000/ mm’ 536
Hemoglobin <9 g/dL 1095
Pregnant or breastfeeding® 48

* Patients in CPRD Aurum prescribed apixaban Jan2013 to July2019 that met the minimum registration and
ARISTOTLE inclusion criteria.

AF = atrial fibrillation; ALT = alanine transaminase; AST = aspartate transaminase; CPRD = Clinical Practice
Research Datalink; SES = socioeconomic status; ULN = upper limit of normal.

a Severe comorbid condition with life expectancy <1 year or reasons making participation impractical; b ALT or
AST > 2X ULN or Total Bilirubin > 1.5X ULN; ¢ Pregnant or breastfeeding within 3 years prior

6.2. Under-represented patient group — patients aged = 75 years

6.2.1. Results from ARISTOTLE

Patients aged > 75 years were under-represented in ARISTOTLE relative to the expected
age-distribution of the target population of patients with NVAF at increased stroke risk; In
ARISTOTLE 35.5% patients were aged > 75 years in the apixaban arm, compared with 62%
of patients with the indication in CPRD Aurum prescribed apixaban. Similarly, patients aged

80-89 years (2352 patients, 12.9%) and >90 years (84 patients, 0.5%) were under-represented
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in ARISTOTLE compared with people in CPRD prescribed apixaban meeting the eligibility
criteria (36.2% aged 80-89 years and 8.1% aged >90 years). ARISTOTLE (42)performed a
subgroup analysis for the primary efficacy and safety outcomes by age group (<65 years, 65
to <75 years, > 75 years) which showed no significant interaction between treatment and age
group (p=0.12 for stroke/SE, p=0.64 for major bleeding) though there was suggestion of a
slight trend towards greater benefit for apixaban vs warfarin in the older age groups. A later
study analysing ARISTOTLE outcomes by age (134) found the absolute benefits of apixaban
appeared to be greater in the elderly likely due to their higher risk of intracranial bleeding
(Figure 6.1 ). RCTs are often underpowered for looking at treatment effects in subgroups
given the RCTs tend to be designed to be powered for analysis of the primary outcome in the

full cohort of patients.

No. of Apixaban Warfarin Hazard ratio Interaction
patients  number of events (%/year) (95%C1) Pvalue
Primary efficacy outcome (n=18201)
(Stroke or systemic embolism) 0.11*
Age <65 5471 51(1.00) 44(0.86) —_t. 1.16(0.77,1.73)
Age 65 - <75 7052 82(1.25) 112(1.73) — 0.72(0.54,0.96)
Age 275 5678 79(1.56) 109(2.19) — . 0.71(0.53,0.95)
All-cause mortality (n=18201) 0.43*
Age <65 5471 143(2.74) 134(2.56) — 1.07 (0.84, 1.35)
Age 65 - <75 7052 179(2.67) 229(3.46) s 0.77 (0.64,0.94)
Age 275 5678 281(5.42) 306(5.97) R 0.91(0.77,1.07)
Major bleeding (n=18 140) 0.63*
Age <65 5455 56(1.17) 72(1.51) —_—— 0.78(0.55,1.11)
Age 65 - <75 7030 120(1.99) 166(2.82) —l 0.71(0.56, 0.89)
Age 275 5655 151(3.33) 224(5.19) —— 0.64(0.52,0.79)
All bleeding (n=18 140) 0.94%
Age <65 5455 570(13.6) 746(19.1) —- 0.73 (0.65,0.81)
Age 65 - <75 7030 926(17.9) 1196(25.9) - 0.70(0.65,0.77)
Age 275 5655 860(23.5) 1118(33.7) - 0.71(0.65,0.78)
Intracranial bleeding (n=18 140) 0.20*
Age <65 5455 15(0.31) 17(0.35) L 0.87(0.43,1.74)
Age 65 - <75 7030 17(0.28) 48(0.81) _—lb 0.35(0.20, 0.60)
Age 275 5655 20(0.43) 57(1.29) _— 0.34(0.20,0.57)
Net clinical events (n=18201) 0.18*
Age <65 5471 228(4.51) 218(4.29) —— 1.05 (0.87, 1.26)
Age 65 - <75 7052 340(5.27) 426(6.71) —— 0.79(0.68,0.91)
Age 275 5678 441(8.91) 524(10.9) —— 0.82(0.72,0.93)
f T T 1
0.125 0.25 0.5 1 2

Figure 6.1 Effect of apixaban vs warfarin on major outcomes by age in ARISTOTLE

ref: Figure 2 The effect of apixaban vs. warfarin on major study outcomes according to age from ‘Efficacy and
safety of apixaban compared with warfarin according to age for stroke prevention in atrial fibrillation:
observations from the ARISTOTLE trial.” Halvorsen S et al (134).

Eur Heart J, Volume 35, Issue 28, 21 July 2014, Pages 1864—1872, https://doi.org/10.1093/eurheartj/chu046
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The analysis of ARISTOTLE by age group suggested a slight trend towards greater benefit of
apixaban vs warfarin in the elderly for bleeding outcomes however the underlying reasons for
this trend is unclear and could relate to differences in TTR in the warfarin arm or reduced
efficacy of reduced-dose of apixaban used in older patients meeting the criteria for dose-
reduction; the large size of the cohort of elderly patients available in CPRD Aurum made it
possible to see if a similar result would be observed in this cohort. There was an added
benefit of being able to include a larger proportion of patients aged >80 years compared with
the reference trial. AF prevalence is strongly related to age therefore determining the risks
and benefits of different anticoagulants in the older cohort is important for clinicians and

patients to know.

In the description of the epidemiology and treatment of AF in Chapter 2, age was identified
as one of the most important risk factors for the development of AF and was also found to be
associated with increased risks of stroke and bleeding events. Treatment decisions in elderly
patients with AF can be difficult given the increased risk of both stroke and bleeding and the

number of comorbidities in this group.

6.2.2. Methods for creation of the older age cohort in CPRD Aurum

The additional analysis presented in Chapter 5, in which ARSITOTLE-eligible new users of
apixaban and warfarin were propensity score matched, included a large cohort of patients
aged > 75 years (22 548 patients, 60.3% of the patients) allowing the benefits and harms of

apixaban vs warfarin in older people to be compared using this matched cohort.

6.2.3. Baseline comparison in the older age cohort
The baseline characteristics and balance between treatment groups of the older age group

matched cohort and the younger cohort for comparison was assessed and is presented in
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Table 6.2. Both age cohorts were well balanced across all characteristics assessed (mean
standardised difference <0.1) indicating the propensity score matching had performed well at
removing potential known sources of confounding.

Older patients were more likely to be female (52% vs 37%) and tended to have higher
prevalence of all comorbidities other than hypertension and diabetes compared with the
younger cohort. CHADS; stroke risk score was higher in the older patients (mean 2.6 vs 1.7)
and the older patients were more likely to have renal impairment. Current smoking and
alcohol consumption were higher in the younger cohort. Younger patients had higher use of

antihypertensive medications.
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Table 6.2 Baseline characteristics of the matched eligible new users of apixaban and warfarin in CPRD Aurum by age group

Younger age cohort (< 75 years) Older age cohort (= 75 years)

Apixaban Warfarin Standardised Apixaban Warfarin Standardised
Characteristic (N=7 406) (N=7 414) difference (N=11 278) (N=11 270) difference

Age - years, median (IQR) 68 (63, 71) 68 (63,71) .006 81 (78-85) 81 (78-85) .009

Age <65 years 2182 (29.6) 2210 (29.8) .005

Age 65 to 74 years 5214 (70.4) 5204 (70.2) .005

Age 75 to 79 years 4212 (37.3) 4222 (37.5) .002

Age 80 to 89 years 6 176 (54.8) 6 170 (54.7) .000

Age > 90 years 890 (7.9) 878 (7.8) .004
Female sex-no.(%) 2711 (36.6) 2716 (36.6) .001 5818 (51.6) 5770 (51.2) .008
Systolic blood pressure - mm Hg, median (IQR) 130 (120, 40) 130 (120, 140) .019 132 (121, 140) 132 (121, 140) .012
Weight - kg, median (IQR) 90 (77, 104) 89 (77, 103) .019 75 (65, 87) 76 (66, 87) .031
Prior myocardial infarction - no. (%) 760 (10.3) 760 (10.3) .000 1399 (12.4) 1400 (12.4) .001
Prior clinically relevant or spontaneous bleeding — 945 (12.8) 911 (12.3) .014 1 881 (16.7) 1 880 (16.7) .000
no.(%
His(tor)y of fall within previous year — no. (%) 24 (0.3) 35(0.5) .024 213 (1.9) 183 (1.6) .020
Qualifying risk factors

Age > 75 years - no. (%) 0 0 11 278 (100.0) 11 270 (100.0)

Prior stroke, TIA, or systemic embolism - no. (%) 1353 (18.3) 1410 (19.0) .019 2471 (21.9%) 2448 (21.7%) .005

Heart failure or reduced left ventricular ejection 1 487 (20.1) 1463 (19.7) .009 2538 (22.5%) 2508 (22.3%) .006
fraction - no. (%)

Diabetes - no. (%) 2 262 (30.5) 2277 (30.7) .004 2692 (23.9%) 2682 (23.8%) .002

Hypertension requiring treatment - no. (%) 6110 (82.5) 6 126 (82.6) .003 8496 (75.3%) 8455 (75.0%) .007
CHADS; score
Mean 1.7+0.9 1.7+0.9 .008 26+1.2 26+1.2 .008
Distribution - no. (%)

1 4089 (55.2) 4 050 (54.6) .012 1622 (14.4%) 1660 (14.7%) .010

2 2 042 (27.6) 2 067 (27.9) .007 4515 (40.0%) 4496 (39.9%) .003

>3 1225 (16.5) 1245 (16.8) .007 5141 (45.6%) 5114 (45.4%) .004
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Characteristic

AN L b~ W

Medications at index date - no. (%)
ACE inhibitor or ARB

Amiodarone

Beta-blocker

Aspirin

Clopidogrel

Digoxin

Calcium blocker

Statin

Nonsteroidal antinflammatory agent

Gastric antacid drugs
Proton pump inhibitor
H2 receptor antagonist
Renal function, creatine clearance - no. (%)
Normal, >80 ml/min
Mild impairment, >50 to 80 ml/min
Moderate impairment (>30 to 50 ml/min)
Severe impairment (le 30 ml/min)
Not reported
Other risk factors and covariates
Peripheral artery disease - no. (%)
Aortic plaque - no. (%)
Smoking status - no. (%)

Younger age cohort (< 75 years)

Apixaban
(N=7 406)
866 (11.7)
285 (3.8)
74 (1.0)
0

4536 (61.2)

173 (2.3)
4940 (66.7)
639 (8.6)
262 (3.5)
586 (7.9)
2750 (37.1)
4321 (58.3)
418 (5.6)

146 (2.0)
2364 (31.9)
161 (2.2)

4598 (62.1)
2399 (32.4)
333 (4.5)
9(0.1)
67 (0.9)

386 (5.2)
1313 (17.7)

Warfarin
(N=7 414)
883 (11.9)
294 (4.0)
68 (0.9)
0

4509 (60.8)
184 (2.5)
4944 (66.7)
762 (10.3)
265 (3.6)
579 (7.8)
2662 (35.9)
4378 (59.1)
419 (5.7)

162 (2.2)
2413 (32.5)
219 (3.0)

4723 (63.7)
2332 (31.5)
281 (3.8)
18 (0.2)
60 (0.8)

387 (5.2)
1385 (18.7)

Standardised

difference
.007

.006
.008

.009

.010
.000
.056
.002
.004
.025
.014
.000

.015
.013
.049

.034
.020
.035
.028
.010

.000
.025

Older age cohort (= 75 years)

Apixaban
(N=11 278)
2633 (23.3)
1704 (15.1)
658 (5.8)
146 (1.3)

5625 (49.9)

170 (1.5)
6551 (58.1)
1 132 (10.0)
448 (4.0)
1036 (9.2)
3470 (30.8)
6031 (53.5)
840 (7.4)

325 (2.9)
4015 (35.6)
446 (4.0)

1700 (15.1)

5751 (51.0)

3374 (29.9)
383 (3.4)
70 (0.6)

706 (6.3)
2247 (19.9)

Warfarin
(N=11 270)
2 639 (23.4)
1 681 (14.9)
652 (5.8)
142 (1.3)

5749 (51.0)

170 (1.5)
6 494 (57.6)
1 186 (10.5)
469 (4.2)
1094 (9.7)
3541 (31.4)
5987 (53.1)
805 (7.1)

301 (2.7)
3958 (35.1)
392 (3.5)

1 619 (14.4)

5792 (51.4)

3413 (30.3)
362 (3.2)
84 (0.7)

726 (6.4)
2213 (19.6)

Standardised
difference
.002

.005
.002
.003

.023

.000
.009
.016
.010
.018
.014
.007
.012

.013
.010
.025

.020
.008
.008
.010
.015

.007
.007
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Non-smoker
Ex-smoker

Current smoker

Characteristic

Alcohol consumption - no. (%)

Non-drinker

Light drinker, up to 14 units per week
Moderate drinker, 15 to 42 units per week
Heavy drinker, more than 42 units per week

Socioeconomic status - no. (%)

England IMD2015 quintile 1(least deprived)

England IMD2015 quintile 2

England IMD2015 quintile 3
England IMD2015 quintile 4

England IMD2015 quintile 5(most deprived)
Ethnicity - no. (%)

White
Black

South Asian
East Asian

Mixed

Other
Unknown

Charlson comorbidity index components - no. (%)
Chronic obstructive pulmonary disease

Connective tissue disease

Peptic ulcer
Liver disease

Hemiplegia

Younger age cohort (< 75 years)

Apixaban
(N=7 406)
2 575 (34.8)
4 062 (54.8)
769 (10.4)

2 194 (29.6)

3634 (49.1)

1382 (18.7)
196 (2.6)

1 764 (23.8)
1719 (23.2)

1 468 (19.8)
1257 (17.0)

1198 (16.2)

7053 (95.2)
69 (0.9)
186 (2.5)
16 (0.2)
19 (0.3)
25 (0.3)
37 (0.5)

768 (10.4)
335 (4.5)

278 (3.8)
37 (0.5)

17 (0.2)

Warfarin
(N=7 414)
2 487 (33.5)
4 151 (56.0)
776 (10.5)

2251 (30.4)

3570 (48.2)

1407 (19.0)
186 (2.5)

1735(23.4)
1662 (22.4)

1452 (19.6)
1337 (18.0)

1228 (16.6)

7050 (95.1)
80 (1.1)
199 (2.7)
17 (0.2)
20 (0.3)
20 (0.3)
28 (0.4)

786 (10.6)
304 (4.1)
295 (4.0)

67 (0.9)

17 (0.2)

Standardised
difference
.026

.023
.003

.016
.018
.008
.009

.010
.019

.006
.028

.010

.007
.015

.011
.003

.003

.012
.018

.008
.021

.012
.048

.000

Older age cohort (= 75 years)

Apixaban
(N=11 278)
4309 (38.2)
6450 (57.2)
519 (4.6)

4461 (39.6)
5691 (50.5)
1042 (9.2)
84 (0.7)

2985 (26.5)
2679 (23.8)

2283 (20.2)
1 864 (16.5)

1 467 (13.0)

10 896 (96.6)
113 (1.0)

176 (1.6)
13 (0.1)

21(0.2)
17 (0.2)
42 (0.4)

1 460 (12.9)
817 (7.2)
699 (6.2)

58 (0.5)

27(0.2)

Warfarin
(N=11 270)
4331 (38.4)
6434 (57.1)
505 (4.5)

4366 (38.7)

5812 (51.6)

1 004 (8.9)
88 (0.8)

2968 (26.3)
2710 (24.0)

2335 (20.7)
1 827 (16.2)

1430 (12.7)

10 894 (96.7)
100 (0.9)
161 (1.4)

14 (0.1)
23(0.2)
24 (0.2)
54 (0.5)

1410 (12.5)
848 (7.5)
684 (6.1)

36 (0.3)

19 (0.2)

Standardised
difference
.005

.002
.006

.017
.022
.012
.004

.003
.007

.012
.009

.010

.003
.012

.011
.003

.004

.015
.016

.013
.011

.005
.030

.016
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Younger age cohort (< 75 years) Older age cohort (= 75 years)

Apixaban Warfarin Standardised Apixaban Warfarin Standardised
Characteristic (N=7 406) (N=7 414) difference (N=11 278) (N=11 270) difference

Cancer 690 (9.3) 727 (9.8) .017 1 815 (16.1) 1769 (15.7) .011

Haematological cancer 104 (1.4) 121 (1.6) .019 260 (2.3) 243 (2.2) .010
BMI - kg/m?, median (IQR) 30 (27, 3)5) 30 (27, 3)) .012 27 (24, 31) 27 (24,31) .016
ORBIT score

Low bleeding risk (score 0-2) 6 924 (93.5) 6 949 (93.7) .010 6920 (61.4) 6971 (61.9) .010

Medium bleeding risk (score 3) 321 (4.3) 319 (4.3) .002 2338 (20.7) 2251 (20.0) .019

High bleeding risk (score 4-7) 161 (2.2) 146 (2.0) .014 2020 (17.9) 2048 (18.2) .007

ACE = angiotensin-converting enzyme; ARB = angiotensin-receptor blocker; BMI=body mass index; CHADS: = stroke risk factor score based on Congestive heart failure,
Hypertension, Age > 75 years, Diabetes, prior Stroke; CPRD = Clinical Practice Research Datalink; IMD2015= Index of Multiple Deprivation 2015; IQR=interquartile range;
LVEF=left ventricular ejection fraction; PSM = propensity score matching; SD=standard deviation; SE=systemic embolism; TIA=transient ischemic attack.
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6.2.4. Safety and effectiveness in the older age cohort

Results of the analyses of effectiveness and safety outcomes by age cohort are shown in
Table 6.3. The older age group had higher absolute event rates for all outcomes, with annual
rates of stroke/SE approximately double the rate seen in the younger age group (0.89 and
0.94 vs 1.67 and 1.83 in the younger and older apixaban vs warfarin) and around 3 times the
rate of death. There was no evidence of any significant differences between the elderly group

and younger patients in the treatment effects.

In the older age cohort, similar risks for apixaban vs warfarin were seen for stroke/SE (HR
0.90 [95% C1 0.77, 1.03]) and death (HR 1.00 [95% CI 0.93, 1.07]). Older people on
apixaban had a lower risk of haemorrhagic stroke (0.65 [0.48, 0.89]), systemic embolism
(0.55 [0.34, 0.88]), and pulmonary embolism or deep vein thrombosis (0.71 [0.52, 0.98]) than

older people on warfarin.

For the safety outcomes higher event rates were seen in the older age cohort when compared
with the younger patients. Apixaban was superior to warfarin for major bleeding in both age
groups with older patients having a 10% lower risk when on apixaban and younger patients a
27% lower risk compared with warfarin. There were no significant interactions between
treatment and age group, however, there was a consistent trend of lower hazard ratio

estimates in the younger when compared with the older age groups.

INR control was slightly higher in the younger age cohort (43.4% vs 37.7% TTR >= 0.75,
median TTR 0.751 vs 0.726) suggesting that any reduced benefit of apixaban compared with
warfarin for major bleeding in the older age group could be due to other reasons such as

apixaban dosing or concomitant medications.
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Table 6.3 Outcomes in the matched trial-eligible patients in CPRD Aurum by age group

Age group P

Age <75 years Age > 75 years value
Apx  Warf Apx  Warf for

Rate rate Hazard ratio Rate rate Hazard ratio intera

Outcome %/yr = %lyr (95% CI) %/yr  %lyr (95% CI) ction

Effectiveness outcomes

Primary: Stroke/SE 0.89 0.94  0.93(0.74, 1.18) 1.67 1.83 0.90 (0.77,1.03)  0.76
Stroke 0.74 0.82 0.91(0.70, 1.17) 1.55 1.60 0.95(0.82,1.11) 0.77

Ischemic or uncertain type 0.59 0.54  1.06(0.79, 1.43) 1.28 1.18 1.07 (0.90, 1.27)  0.95
of stroke

Haemorrhagic stroke 0.16 030 0.56(0.34,092) 032 048  0.65(0.48,0.89) 0.63

Systemic embolism 0.14 0.14 095(0.52,1.74) 0.13 023  0.55(0.34,0.88) 0.16
Death from any cause 246 232  1.06(092,1.23) 7.54 7.54 1.00(0.93,1.07) 0.45
Other secondary

Stroke, SE or death from 317 311  1.02(0.89,1.16)  8.81 8.68 1.01 (0.95,1.08) 0.91
any cause

Myocardial infarction 0.63 053 1.16(0.86,1.57) 1.06 1.00  1.05(0.87,1.27) 0.58

Stroke, SE, MI, or death 373 351  1.05(0.93,1.19) 959 932  1.02(0.96,1.09) 0.66
from any cause

Pulmonary embolism or 0.15 026 0.56(0.33,0.95) 0.31 0.42  0.71(0.52,0.98) 0.49
DVT

Safety outcomes

Primary safety: major 1.81 2.31 0.77 (0.65,0.91)  3.18 3.47 0.90 (0.81,0.999) 0.14
bleeding
Intracranial 0.19 0.36 0.55(0.34,0.88)  0.56 0.70 0.79 (0.62,1.02)  0.20
Other location 0.46 0.69 0.66 (0.48,0.91) 0.62 0.73 0.85(0.67,1.08)  0.21
Gastrointestinal 1.18 1.31 0.88 (0.71,1.09)  2.09 2.11 0.96 (0.84,1.11)  0.49
Net clinical outcomes
Stroke, SE, or major 2.51 2.92 0.84 (0.73,0.98)  4.46 4.66 0.94 (0.86,1.03)  0.23
bleeding

Stroke, SE, major bleeding, 4.44 445  0.98(0.88,1.10) 10.38 9.66 1.06 (0.99,1.13)  0.27
or death from any cause
Apx=apixaban; CI=confidence interval; DVT=deep vein thrombosis; MI=myocardial infarction; SE=systemic
embolism; Warf=warfarin;
Note: time to event outcomes analysed using a Cox proportional hazards model with robust standard errors
stratified by prior VKA exposure status. Patients were censored at the earliest of (outcome event, death, transfer
out of practice, last collection date, 2.5 years after the index date) for effectiveness outcomes and at the earliest
of (outcome event, death, transfer out of practice, last collection date, derived date of last exposure to index
treatment) for safety outcomes.

6.2.5. Discussion on the older age cohort analysis

Analysis of the outcomes of older patients in CPRD Aurum showed results broadly consistent
with the reference trial emulation with similar risks of stroke/SE and all-cause death in
patients on apixaban compared with warfarin and an approximately 10% lower risk of major

bleeding on apixaban. A trend of slightly lower benefit of apixaban vs warfarin for bleeding
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outcome was observed in the older age group when compared with the younger age group

however no significant interaction between age group and treatment was detected.

Extension of the analysis to a patient group under-represented in the reference trial was
straightforward by using the cohort of propensity score matched eligible users created during
the emulation of ARISTOTLE. This analysis was limited by being in the ARISTOTLE-
eligible subset of patients meaning these results may not be generalisable to older patients

that would not have met the eligibility criteria.

The successful benchmarking of the emulation of ARISTOTLE in this data source before
applying the methodological framework to look at the elderly patient group increases the
confidence in the results obtained in this patient group. This extension shows the potential for
providing high quality evidence in a patient group of interest without having to perform an
RCT in the group of interest. The results observed in the elderly group support the NICE
guidance on choice of oral anticoagulants for patients with NVAF and provides reassurance
to older people taking these medications with both apixaban and warfarin showing similar
effectiveness. The increased risks of both stroke and bleeding in the elderly group along with
the greater burden of comorbidities and number of concomitant medications in this group
leads to uncertainty on the choice of oral anticoagulant in this group. The results of this
analysis showing similar effectiveness of apixaban vs warfarin in the elderly and a lower risk
of major bleeding on apixaban compared with warfarin can aid decision making on choice of

treatment in this group.

6.3. Excluded patient group — increased bleeding risk
The exclusion criteria ‘increased bleeding risk’ removed a large number of apixaban users;
this criterion was interpreted as excluding patients with any of the following:

- haematological conditions leading to increased bleeding risk (such as haemophilia),

- recent major bleeding,
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- recent haematuria, gynaecological, or other type of bleeding considered clinically
relevant

- aneurysm or arteriovenous malformation,

- gastrointestinal conditions putting the patient at greater risk of bleeding (such as GI
ulcers)

- gastrointestinal or brain tumours (though a subset of these would be further excluded

by the severe comorbid exclusion criteria)

6.3.1. Methods for creation of the increased bleeding risk cohort in CPRD
Aurum

An analysis was performed to estimate the effectiveness and safety of apixaban vs warfarin in
patients with AF that were excluded by the increased bleeding risk criteria whilst also
meeting other ARISTOTLE eligibility criteria. To increase the sample size and relevance to
UK patients, the inclusion criteria from ARISTOTLE requiring at least one CHADS; stroke
risk factor was replaced with the NICE guidance for when OACs are indicated in AF which
uses the more updated stroke risk score (CHA2DS2VASc) requiring a CHA2DS>VASc score

of 2 or above in women, and a CHA>DS>VASc score of 1 or above in men.

Restricting the cohort to new users of apixaban or warfarin only resulted in a small sample
size (N=1 722 pairs) making it beneficial to include prevalent users to look at this patient
group. The framework developed for the ARISTOTLE emulation was adapted by adding
variables for the presence of the different increased bleeding risk factors to the propensity
score models. Matching within the prevalent user strata was also simplified by using one
propensity score model (not splitting by treatment history strata as this did not improve the
balance or number of matched pairs) whilst maintaining the requirement for an exact match

on categorised prior VKA exposure.
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Figure 6.2 shows the selection of patients for this group. There were 8 773 patients prescribed
apixaban and 33 492 patients prescribed warfarin that met the inclusion criteria of having AF,
at increased bleeding risk, meeting the minimum registration period, being aged 18 years or
older, and meeting the NICE criteria for OAC therapy for stroke prevention in AF. After
applying the exclusion criteria there were 5 032 patients prescribed apixaban and 22 663
patients prescribed warfarin; propensity score matching resulted in 3 054 matched pairs.
There were 1853 people (1200 new users and 653 switching from VKA to apixaban) at
increased bleeding risk prescribed apixaban and eligible for matching for whom no match
was found. The unmatched people exposed to apixaban (Table A4.1 in the appendix) tended
to be older than those for whom a match was found (70.8% aged > 75 years vs 65.5% of
matched apixaban users), were more likely to be female (41.9% female vs 36.4% in matched
cohort), more likely to have comorbidities (for example 19.6% vs 16.3% with COPD, 9.8%
vs 6.6% with connective tissue disease) and more likely to have a haematological disorder as

an increased bleeding risk factor (15.8% vs 6.8% of apixaban users that were matched).
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Figure 6.2 Selection of cohort of patients at increased bleeding risk

AURUM - Apixaban

AURUM - Warfarin

People in CPRD Aurum with a Rx for apixaban + prior diagnosis of
AF + at increased bleeding risk (acceptable and HES linked) n=10 441

People in CPRD Aurum with a first Rx for warfarin in the study period +
prior diagnosis of AF (acceptable and HES linked) n=36 617

| Did not meet min reg period n=1 532 |

—PI Did not meet min reg period n=2 712 |

A
| People that met min reg period n=8 909 I | People that met min reg period n=33 905 |
Did not meet inclusion criteria due to: Did not meet inclusion criteria due to:
Age <18 (n=0) > Age <18 (n=1)
CHADS2-VASC score <2 (female) or <1 (male) (n=136) CHADS2-VASC score <2 (female) or <1 (male) (n=412)
| People that met inclusion criteria n=8 773 I | People that met inclusion criteria n=33 492 |
Excluded due to exclusion criteria n=3 741: Excluded due to exclusion criteria n=10 829:
AF reversible causes (n=366) AF reversible causes (n=1 521)
Moderate or severe mitral stenosis (n=83) Moderate or severe mitral stenosis (n=988)
Other condition req. chronic anticoagulation (n=734) Other condition req. chronic anticoagulation (n=3 373)
Persistent uncontrolled hypertension (n= 208) Persistent uncontrolled hypertension (n=792)
Active infective endocarditis (n=17) Active infective endocarditis (n=72)
Concomitant aspirin > 165 mg/day (n=6) Concomitant aspirin > 165 mg/day (n=8)
Concomitant aspirin + thienopyridine (n=85) «—— —» Concomitant aspirin + thienopyridine (n=83)
Severe comorbid condition? (n=1 706) Severe comorbid condition? (n=4 807)
Alcohol or drug abuse (n=290) Alcohol or drug abuse (n=788)
Recent ischemic stroke (within 7 days) (n=46) Recent ischemic stroke (within 7 days) (n=38)
Severe renal insufficiency (n=487) Severe renal insufficiency (n=1 646)
Elevated ALT, AST, or Total Bilirubin® (n=225) Elevated ALT, AST, or Total Bilirubin® (n=824)
Platelet < 100,000/ mm?3 (n=230) Platelet < 100,000/ mm3 (n=707)
Hemoglobin <9 g/dL (n=298) Hemoglobin < 9 g/dL (n=1052)
Pregnant or breastfeeding* (n=5) Pregnant or breastfeeding® (n=32)
A4 A 4
People after applying exclusion criteria n=5 032 | | People after applying exclusion criteria n=22 663
I
Missing data n=125
Missing SBP (n=5) le—]|
m::z::g gé’,l.l ((:;71)1 7 Eligible new users of warfarin Prevalent users of warfarin
Missing smoking status (n=11) n=2 501 eligible at > 1 Rx d_ate during
v study period

Unmatched n=653

Eligible apixaban users ready for matching n=4 907

v

Eligible VKA-naive apixaban
users n=2 922

Unmatched n=1 200

|_» Missing BMI (n=72) v
Missing SES (n=2)
Missing smoking
status (n=2)
A\

n=21669,

359 947 Rx dates

Missing data n=76

Missing SBP (n=6) —»

Used as a new user match n=1 526

Prevalent users of warfarin eligible at > 1 Rx date
during study period n=20,143, 331,313 Rx dates

Propensity-score

Eligible new users of warfarin

n=2425

l ’I Unmatched n=703

v

A4

VKA-naive new users n=1 722

matched pairs

—>

Not sampled n=2 802
Dropped at sampling stage n=2 036:
Exclusion criteria at sampled index
date (n=1 948)
Missing data at sampled index
date (n=88)
[Missing SBP (n=2)
Missing BMI (n=87)
Missing SES (n=0)
Missing smoking status (n=0)]

Eligible VKA experienced apixaban
users ready for propensity-score
matching n=1 985

A 4

Propensity-score
matched to

Sampled eligible prevalent users of warfarin
ready for propensity-score matching n=15 393

H Unmatched n=14 061

|

VKA-experienced prevalent users
n=1 332 matched pairs

Flow of number of individuals included in the analysis. AF = atrial fibrillation; ALT = alanine transaminase;
AST = aspartate transaminase; BMI = body mass index; BP = blood pressure; CPRD = Clinical Practice
Research Datalink; HES: Hospital Episodes Statistics; Rx = Prescription; SES = socioeconomic status; ULN =
upper limit of normal; VKA = vitamin K antagonist.
a Severe comorbid condition with life expectancy <1 year or reasons making participation impractical; b ALT or
AST > 2X ULN or Total Bilirubin > 1.5X ULN; ¢ Pregnant or breastfeeding within 3 years prior
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Table 6.4 Baseline Characteristics of the Increased Bleeding Risk Cohort

Apixaban Warfarin Standardised
Characteristic (N=3054) (N=3054) difference
Age - years, median (IQR) 78 (72-84) 78 (72-84) 0.002
Female sex-no.(%) 1113 (36.4) 1100 (36.0) 0.009
Systolic blood pressure - mm Hg, median (IQR) 130 (120, 140) 130 (120, 140) 0.012
Weight - kg, median (IQR) 80 (69, 93) 80 (70, 93) 0.000
Prior myocardial infarction - no. (%) 612 (20.0) 608 (19.9) 0.003
Prior clinically relevant or spontaneous bleeding — no.(%) 1185 (38.8) 1188 (38.9) 0.002
History of fall within previous year — no. (%) 85 (2.8) 82 (2.7) 0.006
Prior use of vitamin K antagonist for >30 consecutive days 1332 (43.6) 1332 (43.6) 0.000
- no. (%)
Qualifying risk factors
Age > 75 years - no. (%) 2001 (65.5) 2011 (65.8) 0.007
Prior stroke, TIA, or systemic embolism - no. (%) 1023 (33.5) 1026 (33.6) 0.002
Heart failure or reduced left ventricular ejection fraction - 1042 (34.1) 1044 (34.2) 0.001
no. (%)
Diabetes - no. (%) 926 (30.3) 944 (30.9) 0.013
Hypertension requiring treatment - no. (%) 2319 (75.9) 2318 (75.9) 0.001
CHADS: score
Mean 2614 2614 0.006
Distribution - no. (%)
0 142 (4.6) 143 (4.7) 0.002
1 563 (18.4) 543 (17.8) 0.017
2 802 (26.3) 807 (26.4) 0.004
>3 1547 (50.7) 1561 (51.1) 0.009
Medications at index date - no. (%)
ACE inhibitor or ARB 1648 (54.0) 1678 (54.9) 0.020
Amiodarone 87 (2.8) 85(2.8) 0.004
Beta-blocker 1930 (63.2) 1926 (63.1) 0.003
Aspirin 286 (9.4) 319 (10.4) 0.036
Clopidogrel 139 (4.6) 149 (4.9) 0.015
Digoxin 463 (15.2) 459 (15.0) 0.004
Calcium blocker 868 (28.4) 895 (29.3) 0.020
Statin 1910 (62.5) 1907 (62.4) 0.002
Nonsteroidal antinflammatory agent 198 (6.5) 185 (6.1) 0.018
Gastric antacid drugs 86 (2.8) 89 (2.9) 0.006
Proton pump inhibitor 1296 (42.4) 1244 (40.7) 0.035
H2 receptor antagonist 171 (5.6) 140 (4.6) 0.046
Renal function, creatine clearance - no. (%)
Normal, >80 ml/min 830 (27.2) 847 (27.7) 0.012
Mild impairment, >50 to 80 ml/min 1369 (44.8) 1342 (43.9) 0.018
Moderate impairment (>30 to 50 ml/min) 747 (24.5) 750 (24.6) 0.002
Severe impairment (le 30 ml/min) 96 (3.1) 103 (3.4) 0.013
Not reported 12 (0.4) 12 (0.4) 0.000
Other risk factors and covariates
Peripheral artery disease - no. (%) 473 (15.5) 500 (16.4) 0.024
Aortic plaque - no. (%) 1077 (35.3) 1097 (35.9) 0.014
Smoking status - no. (%)
Non-smoker 924 (30.3) 954 (31.2) 0.021
Ex-smoker 1893 (62.0) 1872 (61.3) 0.014
Current smoker 237 (7.8) 228 (7.5) 0.011
Alcohol consumption - no. (%)
Non-drinker 1143 (37.4) 1156 (37.9) 0.009
Light drinker, up to 14 units per week 1461 (47.8) 1444 (47.3) 0.011
Moderate drinker, 15 to 42 units per week 378 (12.4) 376 (12.3) 0.002
Heavy drinker, more than 42 units per week 34 (1.1) 38 (1.2) 0.012

Socioeconomic status - no. (%)
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Apixaban Warfarin Standardised

Characteristic (N=3054) (N=3054) difference
England IMD2015 quintile 1(least deprived) 796 (26.1) 796 (26.1) 0.000
England IMD2015 quintile 2 699 (22.9) 716 (23.4) 0.013
England IMD2015 quintile 3 594 (19.4) 611 (20.0) 0.014
England IMD2015 quintile 4 522 (17.1) 520 (17.0) 0.002
England IMD2015 quintile 5(most deprived) 443 (14.5) 411 (13.5) 0.030
Ethnicity - no. (%)
White 2948 (96.5) 2942 (96.3) 0.011
Black 28 (0.9) 34 (1.1) 0.020
South Asian 52 (1.7) 50 (1.6) 0.005
East Asian 6(0.2) 4(0.1) 0.016
Mixed 6(0.2) 9(0.3) 0.020
Other 8(0.3) 9(0.3) 0.006
Unknown 6(0.2) 5(0.2) 0.008
Charlson comorbidity index components - no. (%)
Chronic obstructive pulmonary disease 499 (16.3) 474 (15.5) 0.022
Connective tissue disease 203 (6.6) 205 (6.7) 0.003
Peptic ulcer 299 (9.8) 289 (9.5) 0.011
Liver disease 28 (0.9) 20 (0.7) 0.030
Hemiplegia 12 (0.4) 8(0.3) 0.023
Cancer 569 (18.6) 555 (18.2) 0.012
Haematological cancer 84 (2.8) 76 (2.5) 0.016
BMI - kg/m?, median (IQR) 28 (25,32) 28 (25,31) 0.010
Increased bleeding risk factor
Aneurysm or AVM 1341 (43.9) 1358 (44.5) 0.011
Haematuria 621 (20.3) 627 (20.5) 0.005
Gastrointestinal bleed 702 (23.0) 718 (23.5) 0.012
Haematological disorder 209 (6.8) 211 (6.9) 0.003
Gynaecological bleed 163 (5.3) 137 (4.5) 0.039
Prior intracranial haemorrhage 119 (3.9) 119 (3.9) 0.000
Ocular bleed 40 (1.3) 39 (1.3) 0.003
Gastrointestinal or brain tumour 38 (1.2) 33 (1.1) 0.015
Other prior bleed 209 (6.8) 223 (7.3) 0.018
ORBIT score, median (IQR) 3(12,4) 3(2,4) 0.021
Low risk (0-2) 1269 (41.6) 1301 (42.6) 0.021
Medium risk 3 773 (25.3) 770 (25.2) 0.002
High risk >4 1012 (33.1) 983 (32.2) 0.020

ACE = angiotensin-converting enzyme; ARB = angiotensin-receptor blocker; BMI=body mass index; CHADS:
= stroke risk factor score based on Congestive heart failure, Hypertension, Age > 75 years, Diabetes, prior
Stroke; CPRD = Clinical Practice Research Datalink; IMD2015= Index of Multiple Deprivation 2015;
IQR=interquartile range; LVEF=left ventricular ejection fraction; PSM = propensity score matching;
SD=standard deviation; SE=systemic embolism; TIA=transient ischemic attack; VKA = vitamin K antagonist;

After propensity score matching the treatment groups were well balanced on all baseline
characteristics including presence of bleeding risk factors (Table 6.4), with a maximum mean
standardised difference of 0.046. The proportion of people with prior clinically relevant
bleeding in the apixaban arm of the increased bleeding risk cohort (38.8%, Table 6.4 ) was

higher than in the ARISTOTLE emulation apixaban arm (17.3% in Table 3 of Results Paper
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2), as was the proportion of those using proton pump inhibitors in the apixaban arm (42.4% in

the increased bleeding cohort vs 34.5%) (Tables 6.4 and Paper 2 Table 3).

6.3.2. Results in the increased bleeding risk cohort
The results about the effectiveness in the increased bleeding risk group are displayed in Table

6.5. Similar results to the ARISTOTLE emulation in CPRD Aurum were seen in the

increased bleeding risk group with a similar risk for apixaban and warfarin for

stroke/systemic embolism (HR [95% CI] 0.94 [0.73, 1.20] in the increased bleeding risk

group vs 0.98 [0.82, 1.19] in the ARISTOTLE emulation) and all-cause death (1.05 [0.93,

1.18. in the increased bleeding risk group vs 1.03 [0.93, 1.14] in the ARISTOTLE

emulation).

Table 6.5 Outcomes in the matched patients in CPRD Aurum excluded by the increased

bleeding risk group criteria

Apixaban Warfarin Increased ARISTOTLE
(N=3054) | (N=3054) Bleeding Risk emulation
Event rate | Event rate Hazard ratio Hazard ratio
QOutcome Ylyr %lyr 95% CI) 95% CI)
Effectiveness outcomes
Primary: Stroke/SE 2.28 2.31 0.94 (0.73, 1.20) 0.98 (0.82,1.19)
Stroke 1.95 1.84 1.02 (0.78, 1.33) 0.99 (0.81,1.21)
Ischemic or uncertain type of stroke 1.45 1.32 1.06 (0.77, 1.45) 1.13(0.90,1.41)
Haemorrhagic stroke 0.57 0.55 1.00 (0.61, 1.66) 0.67 (0.44,1.01)
Systemic embolism 0.32 0.52 0.56 (0.31, 1.03) 1.01 (0.61,1.66)
Death from any cause 9.72 9.11 1.05(0.93, 1.18) 1.03(0.93,1.14)
Other secondary
Stroke, SE or death from any cause 3.17 3.11 1.05(0.94, 1.17) 1.04 (0.95,1.14)
Myocardial infarction 1.41 1.29 1.09 (0.79, 1.51) 1.01 (0.80,1.28)
Stroke, SE, M1, or death from any 12.26 11.39 1.05(0.94, 1.17) 1.04 (0.96,1.14)
cause
Pulmonary embolism or DVT 0.30 0.47 0.59 (0.32,1.12) 0.65 (0.45,0.94)
Safety outcomes
Primary safety: major bleeding 4.90 5.19 0.92 (0.77, 1.10) 0.88 (0.77,1.00)
Intracranial 0.93 0.88 1.01 (0.68, 1.51) 0.71(0.51,1.00)
Other location 0.99 1.23 0.79 (0.55, 1.15) 0.93 (0.70,1.22)
Gastrointestinal 3.12 3.19 0.94 (0.76, 1.18) 0.88 (0.74,1.04)
Net clinical outcomes
Stroke, SE, or major bleeding 6.40 6.65 0.93 (0.80, 1.09) 0.95 (0.84,1.06)
Stroke, SE, major bleeding, or death 13.95 12.87 1.05(0.95, 1.17) 1.04 (0.96,1.13)
from any cause

Cl=confidence interval; DVT=deep vein thrombosis; MI=myocardial infarction; SE=systemic embolism.

Note: time to event outcomes analysed using a Cox proportional hazards model with robust standard errors stratified by prior
VKA exposure status. Patients were censored at the earliest of (outcome event, death, transfer out of practice, last collection
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date, 2.5 years after the index date) for effectiveness outcomes and at the earliest of (outcome event, death, transfer out of
practice, last collection date, derived date of last exposure to index treatment) for safety outcomes.

Safety results are included in Table 6.5 and also showed a similar risk of major bleeding for
apixaban and warfarin (0.92 [0.77, 1.10] in the increased bleeding risk group vs 0.88 [0.77,

1.00] in the ARISTOTLE emulation).

6.3.3. Discussion on the increased bleeding risk cohort analysis

Analysis of the outcomes in the patients excluded by the increased bleeding risk criteria
showed results similar to those obtained in the emulation of ARISTOTLE with a similar risk
of stroke/SE, all-cause death, and major bleeding in apixaban compared with warfarin. The
results from this analysis showing similar benefits and harms for apixaban vs warfarin in
provides evidence to people in this patient group and supports the NICE guidance
recommending apixaban as a treatment and warfarin as an option if apixaban is contra-
indicated or not tolerated. Performing this analysis after benchmarking the reference trial
provides more confidence in the results using these methods and in this data source of UK
EHRs. The potential for increased risk of morbidity or mortality associated with bleeding in
this patient group meant there was uncertainty on whether similar benefits and harms of
apixaban compared with warfarin would be seen in this group. The results of this analysis
may therefore be helpful in providing evidence in people with these conditions and show
similar harms and benefits appear to apply in this group compared to patients eligible for the
trial. This analysis was limited by the small sample size and the generalisability is limited by

the relatively high proportion of unmatched patients in this cohort.

6.4. Summary

This chapter presented the results of the extension of the analysis evaluating benefits and
harms of apixaban compared to warfarin in under-represented and excluded patient groups.
The benchmarking of the emulation of ARISTOTLE using this data source and methods
increases confidence in the results in these groups of interest. In this extension, we found the
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extension to an under-represented group (patients aged > 75 years) was simple to implement
and could take advantage of the ARISTOTLE-eligible matched cohort of new users. The
study of a patient group excluded from the emulation of ARISTOTLE (increased bleeding
risk) proved more difficult given the wider range of comorbidities in this group meaning a
large proportion of patients were excluded by other eligibility criteria and the diverse range of
conditions included in the definition of the exclusion criteria necessitating the addition of
extra variables to the propensity score. Despite including prevalent users, the increased
bleeding group analysis was limited by a small sample size and a relatively high proportion
of unmatched people. In both patient groups of interest similar risks of outcomes of interest
were seen with apixaban vs warfarin and the results were consistent with those seen in the

emulation of ARISTOTLE.
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Chapter 7  Discussion

This chapter will provide an overall summary of the findings of this thesis that was focused
on the emulation of a reference trial using UK electronic healthcare records data:
- The rationale for this work.
- The methods used
- Key results from the emulation of ARISTOTLE in CPRD Aurum and a comparison
against the benchmarking criteria, trial results, and other relevant non-interventional
study results
- The extension of the analysis to look at results by TTR and in underrepresented and
excluded patient groups
- The key strengths and limitations of the study
- Future directions for research in this area
- Other work to come out of this thesis

- Conclusion

7.1. Summary of research and main findings

7.1.1. Methods

A protocol was published (BMJ Open) as part of this thesis which specified benchmarking
criteria based on the ARISTOTLE results. The lower hazard ratio observed in the EU
subgroup of the reference trial and reviewer comments in NICE questioning whether
apixaban would be superior to well-controlled warfarin (TTR > 0.75) led to a plan to compare
the TTR in the UK ARISTOTLE-analogous cohort to the reference trial and explore the

impact of TTR as part of the study.
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As part of the emulation of ARISTOTLE different methods were explored: 1) the ability to
match to the baseline characteristics of the reference trial without individual patient data, ii)
different methods for the inclusion of prevalent users including the prevalent new user design
and the forward sampling method, and iii) the impact of matching to the reference trial as

opposed to omitting this step.

7.1.2. Results

Earlier in this thesis a detailed protocol was presented detailing the planned analysis for the
emulation of ARISTOTLE in UK EHR data, additional detail on the methods work
undertaken to perform this emulation, the results of the emulation (Chapter 5), and extensions

to look at understudied or excluded patient groups in Chapter 6.

This thesis was successful in the emulation of ARISTOTLE using CPRD Aurum data with
the results under final review for publication in PLOS Medicine. The methods used resulted
in a cohort of patients that matched the ARISTOTLE participants on important baseline
characteristics and the results for the primary effectiveness outcome met the benchmarking

criteria.

Whilst non-inferiority was demonstrated in the CPRD cohort, superiority of apixaban vs
warfarin for the primary endpoint was not seen in contrast to ARISTOTLE; this was likely
due to a lower proportion of Asian patients, superior INR control, sub-optimal dosing of
apixaban in some patients, and differences in concomitant medication use in the UK
compared to the reference trial population. Omitting the step of matching to the trial

participants gave results consistent with the VKA-naive subset of the full emulation.

Table 7.1 Key comparison of results of the emulation of ARISTOTLE
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Apx Warf

Outcome Event Rate Event Rate Hazard Ratio
Study %lyr %lyr (95% CI)
Stroke or systemic embolism
ARISTOTLE RCT 1.27 1.60 0.79 (0.66, 0.95)
ARISTOTLE RCT EU Subgroup 0.92 (0.56, 1.52)
Emulation of ARISTOTLE in CPRD Aurum 1.27 1.29 0.98 (0.82, 1.19)
ARISTOTLE-eligible new users CPRD Aurum 1.35 1.46 0.91 (0.80, 1.03)
ARISTOTLE-eligible new users RCT-DUPLICATE 0.73 (0.67, 0.79)
Death from any cause
ARISTOTLE RCT 3.52 3.94  0.89(0.80,0.998)
Emulation of ARISTOTLE in CPRD Aurum 4.37 4.20 1.03 (0.93, 1.14)
ARISTOTLE-eligible in CPRD Aurum 5.47 5.39 1.01 (0.95, 1.08)
Major bleeding
ARISTOTLE RCT 2.13 3.09 0.69 (0.60, 0.80)
Emulation of ARISTOTLE in CPRD Aurum 2.45 2.77 0.88 (0.77, 1.00)
ARISTOTLE-eligible in CPRD Aurum 2.62 2.99 0.86 (0.78, 0.94)

The estimate of TTR showed the quality of INR control appeared to be higher in the CPRD
cohort compared with ARISTOTLE and may explain some of the difference in benefits and
harms of apixaban compared with warfarin observed in the UK population compared with the
reference trial. The analysis by TTR showed a greater benefit for apixaban over warfarin in
the low TTR group for major bleeding whereas in the high TTR group a higher risk of death

was observed on apixaban compared with warfarin.

The analysis was extended to look at a patient group under-represented in the reference trial
(patients aged > 75 years) and an excluded patient group (increased bleeding risk). These
analyses demonstrated similar results to those seen in the reference trial emulation with
similar risks of stroke/SE and death for apixaban and warfarin and a slightly lower risk of
major bleeding on apixaban.

7.2. Comparison with existing research

The literature review of non-interventional studies comparing apixaban to warfarin found
only one other study that aimed to emulate ARISTOTLE(20); this study differed from the

emulation performed in this thesis in the data source (US claims data), not matching to the
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reference trial on baseline characteristics, and not including patients with prior VKA
exposure ie applying a new-user approach. This emulation of ARISTOTLE in US data found
a larger benefit for apixaban vs warfarin(20) as did the majority of the other non-
interventional studies (12 other studies (86, 92-99, 115, 120, 122), with confidence intervals
not overlapping with the confidence interval for the hazard ratio from my emulation of
ARISTOTLE out of 21 reporting the primary endpoint) whereas results using EHRs from
Sweden (110) and UK(111), 2 countries in which studies have found high quality of warfarin
therapy (129) (140), showed treatment estimates closer to our results. The comparison of
warfarin event rates and TTR reported in ARISTOTLE with those seen in the Aurum cohort
suggested the difference in warfarin control quality between the trial participants and the
Aurum patients likely contributed to the weaker treatment benefit of apixaban vs warfarin
observed in the emulation in CPRD Aurum. This difference was somewhat surprising given
that one typically expects trial conduct to result in superior quality of a treatment as a result
of the greater focus on treatment adherence and protocol mandated regular monitoring of
patients. Several of the RCTs comparing DOACs to warfarin were criticised for the quality of
warfarin therapy. The EMA and NICE reviews on ARISTOTLE mentioned the TTR
observed in ARISTOTLE was likely to be lower than may be relevant to EU/UK patients.
Previous studies have found the UK to have high quality warfarin control, for example a
study by Cotte et al (129) found 65.4% of patients in the UK in their study had TTR > 0.70

compared with only 47.8%, 44.2%, and 46.1% in France, Germany and Italy.

We found evidence of relatively good quality of warfarin control in the UK with a mean TTR
of 0.73 in the CPRD Aurum emulation of ARISTOTLE. Sweden has also been observed as
having excellent warfarin control potentially linked to the existence of a national quality
registry for anticoagulation in AF that involves web-based algorithmic dose adjustment, a

study in this registry found a mean TTR of 0.76 (140). In contrast studies looking at TTR in
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the US have tended to report lower TTR, for example a large study of 140,000 patients in the

US found an overall mean TTR of 0.54 (141).

The observation that the countries reported as having better quality INR control have also
been those that have observed similar results showing a less dramatic benefit of apixaban vs
warfarin in non-interventional studies lends weight to the argument that this is the main

driver for the differences seen between studies in US data and UK and Swedish data.

7.3. Strengths
By using novel methodologies and a robust framework I was able to emulate a reference trial
using routinely collected observational data and benchmark the results before extending the

analysis to look at an under-represented group and an excluded group.

Proof of concept for construction of an RCT-analogous cohort without the use of
individual participant data from the reference trial

The successful selection of a subset of patients matching the reference trial on aggregate
provides a demonstration of how publicly available summary data of the reference trial can
be used to support trial emulation where researchers wish to match to the RCT baseline
characteristics. Without access to the individual patient data, I developed a novel method to
select a cohort of patients in CPRD Aurum that matched the reference trial on baseline
characteristics. The method involved constructing simultaneous equations describing the
numbers of patients with different combinations of characteristics such as age group, sex,
combinations of stroke risk factors, and renal function, followed by finding potential
solutions to the equations via numerical estimation, and random sampling of patients from
these subgroups using the numbers from the solution. The process was iteratively improved
by comparing a contender solution of sampled patients against the ARISTOTLE apixaban

arm at baseline and making changes to improve the match. The successful selection of a
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subset of trial-eligible patients on apixaban that looked similar to the ARISTOTLE
participants at baseline proves this to be a method worth considering for future reference trial
emulation work in which researchers wish to match the baseline characteristics of the RCT

and where the individual patient data are unavailable.

Inclusion of prevalent users

A particular feature of the reference trial emulated in this thesis involved the inclusion of
prevalent users; exploring the feasibility of this in the reference trial emulation setting led to
the finding that with the right method and careful approach to the application of eligibility
criteria this can be achieved without introducing selection bias. This finding may be of
relevance to certain areas:

- In the context of an existing ‘gold standard’ treatment, rare diseases, or rare subtypes
of patients, where a large proportion of patients will already be on the treatment
making the trial emulation more feasible when pre-existing users of the standard
treatment are included in the study.

- For answering questions on the impact of initiating an ‘add-on’ therapy alongside a
pre-existing standard treatment vs staying on the standard treatment without add-on
treatment.

- In indications that by definition require prior treatment exposure such as treatment
resistant depression.

- For answering questions on the impact of a new treatment vs no treatment since a
similar approach to sampling of ‘potential index dates’ could potentially be used when
looking at a control group on no treatment, though there are additional complexities
and risks for bias when comparing to no treatment and selection of potential index

dates in this scenario.
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- To be able to answer questions for clinicians and patients on switching treatment or
continuing conditional on prior treatment experience.

Compared with the method described by Webster-Clarke (136), the methods used in the
reference trial emulation in this thesis added an extra step in checking the trial eligibility at
the sampling stage (as the method in the simulation study paper did not state how to deal with
this requirement). This method proved to be relatively easy to implement and offers an
intuitive way of looking at eligibility for prevalent users given that it maps easily to the
typical RCT screening process — in screening for an RCT the patient will likely meet the
minimal key inclusion criteria prior to screening (for example meeting the simple inclusion
criteria of having the disease or indication of interest and being aged > 18) to have been
identified by an investigator as suitable for a study but then may have only 1 chance to pass
screening during which all other eligibility criteria are checked. Some RCTs may allow re-
screening for participants that fail time-dependent criteria such as prohibited concomitant
medication or out of range laboratory values. Further research is required to understand if and
how equivalent ‘re-screening’ could be accounted for in a reference trial emulation study

including prevalent users without introducing selection bias.

Despite the potential benefits to including prevalent users, doing so has the potential to make
the study design and methods more complex and time-consuming compared with only

including new users and increases the risk of selection bias.

As part of emulating a reference trial this thesis considered different methods for the
inclusion of prevalent users and therefore provides a real-world example of the suitability of
these relatively new methods in this area. The initial attempt to use the Suissa prevalent new
user (PNU) design found this to be time consuming and unwieldy with propensity score

models that would not converge. It was difficult to mimic the randomisation into the
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reference trial since ineligible participants should fail screening and so should not be in the
pool of potential matches; keeping ineligible patients in the pool requires substantial changes
to the propensity score model and increases the difficulty in achieving a balanced cohort. The
PNU method may be more suitable to studies including prevalent users that are not focused

on reference trial emulation.

Successful emulation of ARISTOTLE in UK non-interventional data

A key strength of this thesis was the successful emulation of ARISTOTLE in UK non-
interventional data by using novel methods both to select patients matching the trial
participants and to include prevalent users of warfarin using routinely available EHR data.
This provides a proof of concept and framework that can be adapted for future reference trial

emulation studies.

The emulation of ARISTOTLE in this data source adds to the body of evidence in this
therapeutic area and aids understanding of the potential causes for differences in results both

between non-interventional studies and ARISTOTLE and between non-interventional studies.

Many phase III RCTs are multi-regional enrolling participants from a range of different
countries across multiple continents; however, the subgroups of participants from each
country or region will often be too small to draw conclusions on the treatment effectiveness
in the individual regions given the RCT is likely to be powered for the overall population
rather than any subgroups. A key point of interest when assessing the treatment effectiveness
obtained when emulating a reference trial using EHRs may therefore be the degree to which
any differences observed may have been caused by differences between the country or
countries in which the EHRs were collected vs the countries in which the reference trial was
conducted. There may be differences in the standards of care impacting areas such as regular

monitoring of patients, dose optimisation, quality of comparative treatments administered,
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and in the case of subjective or patient reported outcomes, cultural differences in patient

expectations of treatment benefits can be important.

Analysis of TTR
A further strength was the extension of the emulation study to compare the TTR in the UK
ARISTOTLE-analogous cohort with the reference trial and explore the potential impact of

TTR on results.

The exploratory analysis by TTR suggested the relative benefits and harms of apixaban vs
warfarin depended on the TTR of warfarin for some outcomes, with patients on apixaban
having a lower risk of major bleeding compared with patients on poorly controlled warfarin
in contrast to patients on apixaban having a slightly higher risk of death compared with well

controlled warfarin.

7.4. Limitations

Missing baseline data

There was missing data for certain key covariates (namely renal function, BMI, alcohol
consumption, smoking status, and socioeconomic status). For some of these variables a
complete case approach was taken given the low proportion with missing data. For others
such as alcohol intake a pragmatic approach of including a ‘missing data’ category was taken.
The assumptions underlying the methods taken may not have been valid and additional
methods such as imputation of missing baseline covariates using chained equations would
have helped characterise the potential impact of this. For the prevalent users, there was a high
rate of missing data for prior INR control making it difficult to include a variable relating to

prior INR control in the propensity score model.
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Residual confounding

Whilst matching methods were used in an attempt to account for confounding it is possible
that residual confounding remains relating to variables omitted from the propensity score
model, variables not measured (unmeasured confounding), or misspecification of the
propensity score model. The data source used in this thesis enabled derivation of a wide range
of variables potentially associated with the outcomes of interest meaning I could adjust for
many confounders via propensity score methods; adjusting for these variables may not have

made much difference to the effect estimates if they weren’t strong confounders.

Inability to match on calendar time

In the therapeutic area addressed in this thesis there was a limited time window in which both
treatments were prescribed as the newer DOACs were rapidly adopted as the first-line
treatment option. In the ARISTOTLE-analogous cohort this led to a problem of being unable
to match on calendar time and a resultant unequal follow-up time between the two treatment
groups. This problem will be likely to occur irrespective of therapeutic area whenever a new
treatment is rapidly adopted. A potential solution is to use a historical control cohort instead,
however this option may cause issues of availability of other treatments and standards of care
changing over time. The use of a PNU-style design as opposed to restricting to new users
alone helps mitigate this problem as it allows inclusion of more comparator-exposed patient

time in the period of adoption of the new drug.

An additional consideration is that requiring a match on calendar time could have increased
bias in this study - if apixaban rapidly became the favoured first-line treatment then patients
initiating warfarin later in study period are likely to be less similar to patients initiating
apixaban compared with those patients that initiated warfarin earlier in the study period when

warfarin was still more commonly selected as a first-choice treatment.
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Uncertainty in the classification of exposure

A limitation of the data is in the uncertainty of classification of exposure. CPRD Aurum
provides only GP prescription data meaning it is not known whether a patient filled the
prescription at the pharmacy or took the medication. Prescriptions from hospital doctors are
missing leading to uncertainty in when a patient may have first taken a medication or in
treatment gaps involving hospitalisation during the follow-up of the patient. A further
complication in accurately determining exposure is the overlap of treatments when a patient
switches from one OAC to another. In such cases one cannot be sure the exact date a patient
ceased taking the older medicine and started the newer one; with a further uncertainty
introduced where delays in updating a GP repeat prescription system may result in a longer

period of time with two different OACs prescribed.

Misclassification of concomitant medications is also possible for similar reasons and the
medications recorded as ongoing at the index date may not accurately reflect the treatments
taken in cases where medications likely to interact with the OAC such as aspirin may be
discontinued at the index date but with a delay to this being reflected in the prescription
record. This study attempted to account for this by requiring a prescription after the index
date for treatments such as aspirin likely to have been discontinued on initiation of OAC
therapy. Information on over-the-counter use of important concomitant medications such as
aspirin, antacids, and NSAIDs is also missing leading to uncertainty in the derivation of these
covariates. Moves in the UK to increase the range of medicines available over the counter
(such as oral contraceptives) and increasing use of private healthcare could further reduce
accurate classification of exposure and concomitant medications in future studies. Most of the
people included in this study would have been eligible for free prescriptions meaning
exposure to the index treatment and concomitant medications of interest are likely to have

been recorded in the EHRs.
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Difficulty in ascertainment of adherence

Another limitation of this study was the difficulty in ascertaining adherence. With UK data
there is a reliance on using the number of prescriptions or number of tablets prescribed
compared against the number of days covered. In this study attempting to measure adherence
in this way did not appear helpful in discriminating high vs low adherence with nearly all
apixaban users being estimated as having high adherence. One may hypothesise that the
automatic issuing of prescriptions may mask the actual underlying use. For warfarin, most
patients in CPRD Aurum did not have their daily dose recorded in a systematic way making it
not possible to estimate adherence from the number of prescribed tablets against the number

of days estimated in the treatment period.

Attrition bias in the warfarin arm

A treatment with a frequently sampled measure associated with the outcomes of interest will
potentially be susceptible to attrition bias. For warfarin, the regular measurement of INR and
calculation of TTR means clinicians would likely selectively choose patients to switch or
continue based on their INR control leading to attrition bias and ultimately difficulty in
emulating a reference trial in which the treatment is blinded and the protocol discourages
treatment switching. A patient reporting side effects or more minor clinical manifestations
such as minor bleeding could also lead a clinician to switch the patient’s treatment. The
attrition bias in the warfarin arm likely led to bias in both the intent-to-treat and on-treatment
analyses as patients doing badly on warfarin most likely to have an event would be those
most likely to switch to a DOAC during follow-up (in the absence of contraindications to
DOAC:S); in the intent-to-treat analyses these patients may have experienced a lower event
rate on the treatment they switched to compared to if they had stayed on warfarin whereas in
the on-treatment analyses these patients may be censored before experiencing an event. In

both the intent-to-treat and on-treatment analyses this treatment switching of patients more
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likely to experience an event on warfarin to alternative DOAC would have led to under-

estimating the beneficial effect of apixaban vs warfarin.

Selection bias in the warfarin arm

A further bias, related to attrition in the warfarin arm, is the risk of selection bias in the
warfarin arm. Given the availability of alternative OACs during the study period it is possible
that the patients on warfarin represent those patients more likely to do well on warfarin, in
particular one may expect a survivorship bias in the prevalent users. Thus the results may
underestimate the benefits of apixaban vs warfarin compared with a hypothetical situation in
which patients are equally likely to initiate or remain on warfarin regardless of how well they
do on warfarin (as measured by INR control or symptoms such as bleeding). The

benchmarking of the results indicates this bias is unlikely to be a major issue.

Analysis by a post-baseline measure (TTR)

The analysis by TTR is limited given that TTR is observed post-index date and may be
considered a proxy measure of adherence to warfarin treatment. A more suitable comparison
may therefore have been to identify similarly highly-adherent apixaban users and perform a
subgroup analysis grouping the low TTR warfarin users with the low-adherent apixaban users
and the high-adherence apixaban users with the high-TTR warfarin users. In the CPRD
Aurum data it was difficult to accurately measure apixaban adherence using measures such as
proportion of days covered by prescriptions with a very low variability seen between
apixaban users. The use of [IPTW aimed to minimise the impact of any confounding on the
treatment estimates obtained in the analysis by TTR. A further limitation of the analysis by
TTR is the high likelihood of miss-classification of TTR for the patients missing TTR given
the relatively low accuracy of the model in predicting TTR. Analysis by a post-baseline

measure is likely to cause selection bias which may not be fully removed by the measures
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taken (use of predicted TTR for those in which TTR was missing and IPTW). Given the risk
of selection bias the analysis by TTR should be considered exploratory and interpreted with

caution.

Lack of power/sample size to study excluded or under-represented patient groups

It was not possible to look at some of the under-represented or excluded patient groups of
interest due to low sample size. Ethnicity was an important patient factor of interest given the
under-representation of people of Black ethnicity in ARISTOTLE (only 227 patients — 1.2%
of the ARISTOTLE population) and previously documented increased risk of bleeding
associated with warfarin therapy is Asian people (142, 143). It was not possible to look at
under-represented ethnic groups using the CPRD Aurum data due to the majority of the
people in the study period being of white ethnicity. The low number of people of Black and
Asian ethnicity in the CPRD cohort likely reflects the demographics in the UK of the older
age group in this disease area combined with a lower prevalence of AF in people of Asian
ethnicity (144); this limitation is therefore not likely to apply to conditions more common in
younger age groups or more prevalent in a wider range of ethnicities.

Most of the exclusion criteria selected a limited number of people in which it would not be
feasible to obtain meaningful treatment estimates. Some of the criteria that excluded larger
numbers represented a diverse range of conditions, such as the severe comorbid criteria
which covered people with life-limiting diseases such as terminal cancer, dementia, and
severe mental health conditions. Although I was able to perform analysis on the increased

bleeding risk group, results were generally underpowered.
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7.5. Future directions

7.5.1. Selection of patients matching an RCT without individual patient
data in a different therapeutic area

It would be of interest to see if the method used in this project to select a cohort matching the
baseline characteristics of the reference trial on aggregate could be adapted for use in

emulation of a reference trial in a different therapeutic area.

The selection of patient characteristics to include in the construction of the simultaneous
equations will depend on the disease area and are likely to include age, sex, and key
categories of disease characteristics and treatment history at baseline. Typically, these
variables will be summarised in the baseline characteristics table of the RCT with researchers
able to find further breakdowns based on key subgroup analyses in which characteristics by

sex, age group, or disease status may be provided.

To make the method more robust one should consider obtaining multiple different solutions
and performing repeat sampling by iterating across a number of different random seed
numbers. The resulting treatment estimates could then be compared and averaged increasing
confidence in the findings. In the emulation of ARISTOTLE this option was explored but
was not completed due to the time involved in such an approach combined with the
observation that in the CPRD cohort a large proportion of patients would always be selected
due to certain subgroups requiring up to 100% sampling (and thereby meaning there would

be little difference between different ‘solutions’).

In this thesis I also looked at the treatment effects in a cohort of trial-eligible new users
without matching to the baseline characteristics of the reference trial. Similar results were
obtained in this analysis compared with the full emulation in common with other reference

trial emulation studies which have looked at the impact of including matching to the trial(33).
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Whilst the use of the matching step may not be necessary in this therapeutic area, eliminating
as many possible differences between the reference trial and the emulation in non-

interventional data aids understanding of any differences in results seen.

7.5.2. Presentation of CONSORT diagrams and baseline tables when
including prevalent users

When patients may be considered for inclusion in a cohort at multiple different dates, the
optimal presentation of the CONSORT diagram and table of baseline characteristics requires
further consideration. In this thesis the flow diagrams considered eligibility at the patient
level, conditional on the hypothetical situation in which a patient be selected at a date on
which they are eligible. For the sampling stage the flow diagram also presented the number of
patients sampled at a date at which they were not eligible. This presentation, whilst sufficient
to understand the selection of patients, may not be the ideal format for this type of study
design and alternatives should be explored. When summarising baseline characteristics prior
to applying eligibility criteria and prior to matching the most suitable method to summarise
patients with multiple dates per patient is unclear. Consensus and guidance on this topic
would aid understanding of future studies including prevalent users and comparison between

studies including prevalent users.

7.5.3. Methods for the classification of prior treatment history

A key challenge in the use of routinely collected data arises from the complex treatment
patterns observed in real-world data. When trying to determine treatment periods there are
still unanswered questions on best way to do this. Methods using machine learning for
classification may be more successful than simplistic algorithms that assign allowable gaps
between prescriptions. A particular problem with UK data is not being able to ascertain if
prescriptions were filled by a patient. A better algorithm could use all available information

such as including hospitalisations and prescriptions issued in secondary care.

217



A topic requiring further research in the use of routinely collected data is the classification or
characterisation of a patient’s treatment history. A patient may have a treatment history
showing exposure to multiple different treatments, unexplained treatment gaps, and time
periods with overlapping treatments. Even with a trivial example of only 1 comparator drug
being available at the same time as the study drug of interest it could be difficult to determine
prior treatment duration where there are gaps between prescriptions in which it may not be
clear whether the gap represents a true gap in exposure or some other reason for the gap such
as prescriptions issued in secondary care or stockpiling by the patient. In the scenario where
there are multiple drugs available for the indication it becomes more difficult to determine
how to match patients on their prior treatment history. As well as total duration of prior
exposure to each drug a researcher must also consider the start and stop times relative to the
index date, and the fact that the exposure to 1 type of drug may be split into multiple distinct

treatment periods punctuated by exposure to different drugs.

Further research is needed on the question of how to classify or match patients with complex
prior treatment patterns. A suitable approach may be classification via algorithms adapted to
the therapeutic area. Given the large volume of data a data-driven machine learning approach

may be more suitable.

7.5.4. Further exploration of the sampling methods for inclusion of
prevalent users

Further work exploring the classification and matching of prior treatment patterns is
warranted, especially in therapeutic areas in which there are multiple treatments available and
in which patients may have complicated treatment histories switching between many
different treatments. The methods of inclusion of prevalent users described by Suissa(137)
and Webster-Clarke(136) do not provide much guidance on this matter with the examples

focused on prior exposure to only one treatment. Applying too strict a requirement on

218



matching exact prior treatment history may lead to sample sizes that are too small and cohorts
not representative of the full patient population. The variety of and complexity in treatment
patterns is highly dependent on therapeutic area and will relate to the number of treatments
available and the typical patient journey. A further complication is the reason for switching

being highly likely to be associated with effectiveness and/or tolerability.

A comment by Dell' Aniello(145) recommended that the Webster-Clark sampling
method(136) (a method used in this thesis) would better reflect the original PNU design if
the sampling were implemented in chronological order of the switcher’s index date rather
than in order of prior treatment duration. Future analyses could investigate the impact of

sampling in this order in contrast to ordering by increasing length of prior exposure.

During the implementation of the sampling of continuing users of warfarin, the decision was
made that a patient should only have one chance to pass screening. Whilst many RCTs allow
a participant only one chance to be screened there are some RCTs that allow re-screening.
The impact of allowing re-screening on the sampling of prevalent users whilst avoiding

selection bias in trial emulation should be investigated.

7.5.5. Selection of prior treatment history strata

As part of the Webster-Clarke sampling method(136) patients are propensity score matched
in treatment duration strata thereby allowing the predictors of treatment to vary according to
prior treatment duration. This may better reflect real world practice in which we may
hypothesise that a patient or clinician making the decision of whether to stay on an existing
older treatment or switch to a newer treatment will be different if they have a long history of
exposure to the older treatment or only a short history. In the ARISTOTLE emulation, the
most suitable number of prior history strata was explored by trying different strata and

assessing the number of matched pairs and baseline balance with the different options. This is
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a topic that requires further research to guide future researchers in how to select the strata in

this step.

7.5.6. Inclusion of historical control in reference trial emulation

Consider including time prior to the authorisation of the new drug in the study period
The study period planned for the emulation of ARISTOTLE included index dates from 01 Jan
2013 to 31 July 2019 with follow-up extending to 31 Jan 2020. This period was chosen to
coincide with the period when both apixaban and warfarin were available for the indication of
interest in the UK. During the cohort selection and matching process, it became apparent that
apixaban had rapidly replaced warfarin as a preferred oral anticoagulant treatment choice
greatly increasing the problem of channeling bias and making it not feasible to match

apixaban and warfarin users on calendar date or year.

Although the use of propensity score matching should have minimised the risk of channelling
bias, it is plausible that the pool of patients on warfarin deemed ARISTOTLE-eligible in the
study period may have been doing better on warfarin than the mix of patients that would have
been available prior to the availability of alternative OACs. This has implications for the
understanding of the treatment effect estimates and likely means they may be less similar to

the reference trial than desired.

By planning for inclusion of a time period prior to the availability of the new treatment,
researchers can examine the impact of this potential problem on the treatment effect estimates
and include this time period as either the primary or a sensitivity analysis.

For the ARISTOTLE emulation study one approach could be to apply the same methods but
with warfarin users selected from the time period 2008 to 2013. The earlier warfarin period
cohort arm matched to the apixaban users could be compared with the warfarin users selected

in the contemporaneous period to examine how the warfarin cohort has changed. In the
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ARISTOTLE example we may expect the earlier time period ARISTOTLE-eligible warfarin
users to have a lower time in therapeutic range and less attrition bias due to the less common
use of other treatments in the time period (though other DOACs such as dabigatran were
available before apixaban for AF). Nonetheless, inclusion of the earlier time period and
associated analyses may help understanding of the magnitude of any potential selection bias.
For indications that already have several different treatment options prior to the availability

of a new treatment of interest this approach may be less relevant.

7.5.7. Application of methods to account for treatment switching during
follow-up

In this therapeutic treatment switching during follow-up was a particular concern given that 1)
switching from a DOAC to VKA may be related to the development of a contra-indication to
DOAC:s and ii) switching from a VKA to a DOAC would be more likely for patients doing
badly on warfarin. A comparison of patients that switched treatment against those that did not
switch identified lower TTR in the patients that switched from warfarin to a DOAC. In order
to better understand treatment switching the EHRs of patients that switch should be searched
for evidence of development of contra-indications to DOACs and evidence of poor INR

control in warfarin users.

Inverse probability of treatment censoring

A valuable extension to this study would be to apply inverse probability of censoring
weighting to estimate the treatment effect that would have been seen in the absence of
treatment switching. This approach relies on the existence of a sufficient number of patients
in the cohort that continued on their index treatment despite having similar baseline
characteristics and trajectory to the patients that switched treatment; this may be unlikely in

practice meaning this is an area that requires further research.
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Estimand strategy

When designing trial emulation studies an estimand strategy, such as a ‘treatment policy’ or
‘hypothetical’ estimand strategy, should be specified in the protocol to plan for how to handle
events such as treatment switching. The estimand strategy would describe the meaning of the
planned treatment estimates and the differences between the different planned estimands. The
majority of non-interventional studies identified in the literature review censored patients at
the time of treatment switching; the analysis of treatment switching in the emulation of
ARISTOTLE in this thesis identified a higher rate of treatment switching in the warfarin arm
compared to the apixaban arm and an observation of lower TTR in patients switching from
warfarin to alternative OAC compared with those that did not switch indicating an

assumption of non-informative censoring is likely invalid.

Use of an on-treatment approach alone may not be sufficient to account for treatment
switching that may be related to markers of suboptimal effectiveness or safety on the index
treatment or switching relating to the development of a contra-indication to one of the
treatments that is also associated with higher risk of outcomes. The on-treatment approach
may lead to informative censoring and potentially biased treatment effect estimates. A simple
intent-to-treat approach may also lead to biased treatment estimates if patients doing badly on
their index treatment are more likely to switch to a treatment on which they experience a
lower risk of outcomes. More robust methods to account for intercurrent events during
follow-up in reference trial emulation studies should be explored mirroring the estimand

strategy approaches used in RCTs.

7.5.8. Use of alternative methods to address confounding
High dimensional propensity scores

This thesis selected variables and codelists based on the reference trial eligibility criteria and
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baseline table, previous literature in the therapeutic area, and clinician insight into the
important variables. An alternative would be a data driven approach such as high dimensional
propensity scores(146, 147) which has the potential to be less biased than researchers
selecting the codelists and variables to include in the propensity score models. Tazare et
al(148) explored the use of high-dimensional propensity scores (HDPS) in UK EHRs and
found adding the additional covariates identified by the high-dimensional propensity score
algorithm resulted in a shirt in the propensity score distributions when compared with use of
a conventional pre-defined covariate list suggesting that the HDPS had captured additional
variables predictive of treatment. In general, more data driven machine learning approaches
could help avoid or mitigate the dangers of researcher choice in the conduct of non-
interventional studies; this can be balanced against the disadvantage of such approaches being
limited by not knowing what is missing from the data or other contextual information relating

to the data.

Inverse probability of treatment weighting

This thesis used propensity score matching (PSM) to create a balanced cohort for each
objective. An alternative method using propensity scores is inverse probability treatment
weighting (IPTW) (19) in which all patients would have been kept in the cohort with the
contribution of their outcome data weighted so that the cohort is balanced. IPTW is more
efficient than PSM as it makes use of all the patient data instead of dropping the data of

patients that are not matched.

Study designs involving the inclusion of prevalent users made it more challenging to use
IPTW given the methods proposed in the literature were based on propensity score matching.
Future work exploring the use of IPTW within a PNU framework would be valuable, in the

sampling method used in this study the full set of sampled continuing users could be matched
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to the switchers using IPTW, potentially stratified by treatment history strata and/or

coarsened exact strata based on prior treatment pattern.

Coarsened exact matching

This thesis adapted the concepts of coarsened exact matching (CEM)(16) for the selection of
a subset of apixaban users in CPRD Aurum matching the trial population in aggregate, and
trialled CEM for matching between the warfarin and apixaban arms with comparison against
the balance obtained using propensity score matching in the new users (Appendix 3). Future
work exploring incorporation of coarsened exact matching in the context of inclusion of
prevalent users, and the optimal selection and parameterisation of variables to define the

subgroups in the context of trial emulation would be helpful.

Cardinality matching

It was evident when attempting to find a selection of patients matching the trial that an ideal
approach would have been to allow an algorithm to use combinatorics to form all possible
matched cohorts and select the cohort giving the best balance weighted in order of preference
of the most important variables. This was not possible at the time of the construction of the
cohort due to limitations of computing power and the time such an approach would take. In
addition, the combination of this approach with the methods allowing inclusion of prevalent

users would have been complex.

Recent advances in computing power have given rise to cardinality matching introduced by
Zubizarreta et al in 2014(149) and further described by Visconti et al(150), an approach that
can construct the largest possible cohort that is matched meeting prespecified balance criteria.
This method could prove useful in the emulation of reference trials by allowing researchers to
set the criteria corresponding to matching to both the reference trial baseline characteristics

and matching between treatment groups in the non-interventional cohort. Cardinality may be
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more suitable when looking at excluded or under-represented patient groups with small
sample size; a study by Fortin et al(151) found cardinality matching improved covariate

balance in smaller sample sizes with limited covariate overlap compared with PSM.

7.5.9. Emulation of reference trials in different therapeutic areas

In this thesis there was success in emulating a reference trial in the setting of oral
anticoagulants for the prevention of stroke in AF patients. At the start of the thesis when
assessing the feasibility of a range of RCTs it was noticeable just how few therapeutic areas
were feasible to replicate with the literature showing the majority of reference trial emulation
studies to date being in a small selection of therapeutic areas — namely respiratory conditions,
diabetes, OACs in AF and other conditions, statins for prevention of cardiovascular
outcomes, and antihypertensives. By contrast there are few reference trial emulation studies
in therapeutic areas such as psychiatry, oncology, and neurology. The main obstacle to
conducting reference trial emulation studies in these other therapeutic areas using UK EHR
data is a lack of suitable outcome data, a lack of exposure data for drugs given outside

primary care, and in some cases small sample sizes.

The restriction of the lack of secondary care prescriptions can be solved by linking of
secondary care prescriptions to the existing UK EHRs such as CPRD Aurum, HES, and ONS
greatly expanding the range of treatments that could be studied.

A key example of missing outcome data covers outcomes such as patients reported outcomes
(PRO), clinician-judged severity of symptoms or disease severity, and repeatedly measured
outcomes on a continuous scale such as blood pressure. In an RCT when such measures are
used as the outcome measure they will tend to be recorded at a baseline timepoint and then at
certain pre-specified timepoints post-treatment initiation; thus facilitating a comparison

between treatments in the change from baseline to a certain timepoint in the outcome. Whilst
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some of these outcome measures are recorded in UK EHRs, the timing and frequency of their
recording does not tend to correspond to RCT outcome timings. Both the baseline and
outcome measure may be absent in EHRs and any measurements that are present will tend to
be recorded at non-regular timepoints when comparing between patients on the same drug.
Furthermore, reflecting on when or why such an outcome measure is or is not recorded for a
given patient leads to difficult questions of missing data and suitable assumptions regarding

missing at random or missing not at random.

To expand the field of reference trial emulation to a wider range of therapeutic areas and
subsequently enable studies of drug effectiveness in these therapeutic areas more broadly this
issue of missing outcome data requires a solution. Potential solutions include improving
recording of the target reference trial outcome measures in EHR (for example by
incentivising the assessment of disease severity at certain timepoints), or use of alternative

outcome measures such as time to event.

Another challenge noticed during the feasibility work of the thesis was the problem of poorly
recorded disease characteristics for some conditions. This problem may be solved by directly
linking outpatient secondary care data to the existing UK EHRs or by classification of the
disease using all available patient data, for example by machine learning. A pragmatic
solution to the problem of missing disease type where this is missing for only a relatively
small proportion of patients could be restricting the patient cohort to those with disease type
well recorded; however, this has the disadvantage that the resulting patient cohort may not be

a representative sample of all patients with the condition.

7.6. Other work to come out of this thesis

Two additional studies were completed using the derived datasets created for this thesis:
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1) A study investigating moderation of the effectiveness and safety of apixaban vs
warfarin by obesity in patients with atrial fibrillation
i1) A study looking at whether DOAC:s are associated with a lower risk of incident

diabetes compared with warfarin in patients with atrial fibrillation

7.6.1. Moderation of the effectiveness and safety of apixaban vs warfarin by
obesity in patients with atrial fibrillation

This study looked at the moderation of the comparative effectiveness and safety of apixaban
versus warfarin by obesity in non-valvular atrial fibrillation. The study question aimed to
address concerns that the fixed-dosing of apixaban may lead to under-dosing of obese

patients and resultant lower effectiveness of apixaban in these patients.

Bin Hammad emulated a target trial similar to ARISTOTLE and compared 36-month risk
ratios for stroke/SE, major bleeding, and all-cause mortality between apixaban and warfarin
across different BMI strata (normal weight, overweight, obese). No difference was observed
in the effect of apixaban vs warfarin on the risk of stroke/SE across the BMI strata whereas
for major bleeding apixaban appeared more effective than warfarin in the overweight and
obese groups (though no significant interactions were observed and all confidence intervals

overlapped).

7.6.2. Risk of incident diabetes in DOACs compared with warfarin in
patients with atrial fibrillation

The second study that came out from this thesis was inspired by findings in Hong Kong(152)
and Taiwan(153), both showing a reduced risk of type II diabetes (T2DM) in DOAC users
compared with warfarin users. Several studies have shown an association between vitamin K
levels in blood, insulin sensitivity, and measures of glucose control as summarised in a
review by Ho et al 2020 (154) providing a plausible biological mechanism for the observed

association. The Yan-Ling study using data from this thesis sought to see whether the
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findings would be replicated in UK EHR data with a much larger sample size, and in addition
to investigate whether there was effect modification by sex or age group. The Yan-Ling study
included patients with AF that were new users of warfarin or DOAC in the study period and
had no history of diabetes; patients were followed-up until first diagnosis of T2DM or
censoring. A competing risks approach was used with treatment compared via Cox
proportional hazards models adjusted for multiple confounders. Yan-Ling found a lower risk
of incident T2DM in DOAC users vs warfarin [aHR 0.90 (0.84, 0.95)] consistent with the
results from Taiwan and Hong Kong. There was no evidence of effect interaction by age
group or sex, in contrast to the Taiwan study which found a benefit for DOAC in lower risk

of incident diabetes only in patients aged 65 years and over.

7.7. Conclusions

The result of the emulation of ARISTOTLE in UK EHRs leads to a few conclusions:

Firstly that UK EHRs can be used to successfully emulate a reference trial in the therapeutic
area of oral anticoagulants for the prevention of stroke in NVAF. Secondly, that the
applicability of results of an RCT to a population may be influenced by differences in the
quality of the standard of care, ethnicity, and typical use of other medications, between the
countries where the reference trial took place and the country of the population of interest.
Furthermore, in therapeutic areas where there is significant variability in standard of care
country-specific non-interventional studies are likely to be of most relevance to a regulator or
payer. This thesis presented a novel method for the selection of patients matching the trial
participants at baseline on aggregate without access to individual patient data that can be
adapted in other reference trial emulation studies. A further conclusion from the success of
the emulation of ARISTOTLE is that the inclusion of prevalent users in trial emulation

studies is feasible and can be implemented whilst avoiding the introduction of selection bias
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using the Webster-Clarke sampling method with trial eligibility assessed at the point of
sampling.

There is an ethical argument for requiring the study of benefits and harms of treatments in
under-represented or excluded patient groups. The complexity of the methods involved in
conducting trial emulation studies, (a combination of multiple techniques may be required to
properly account for all potential sources of bias, confounding by indication, and treatment
switching during follow-up), poses a risk of bias should an investigator have a vested
interested in a particular finding. Whilst publishing a protocol and analysis plan prior to
conducting a trial emulation study can help to limit this risk, it can be difficult to anticipate
all possible data quality issues and sources of bias that may not become apparent until after
starting an analysis. As the number of reference trial emulation studies published increases
these limitations should reduce with researchers able to use the methods, findings, and

limitations of prior reference trial emulations to guide the optimal design of future studies.
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Appendices
Appendix 1
Al.1 Supplementary material from Chapter 2 Background

Table Al1.1.1 Annual risk of thromboembolism by CHA;DS;-VASc score

Annual risk of thromboembolism (%),
adjusted to remove effect of treatment

CHA,DS,-VASc score Friberg 2012(155)* NICE®
0 0.3 0
1 1.0 1.3
2 33 2.2
3 5.3 32
4 7.8 4.0
5 11.7 6.7
6 15.9 9.8
7 18.4 9.6
8 17.9 6.7
9 20.3 15.2

Thromboembolism includes stroke, TIA, or systemic embolism with adjusted risk an estimate of the risk in
untreated patients (ie receiving no anticoagulation or aspirin treatment).

a Friberg 2012 results from the Swedish Atrial Fibrillation cohort study with raw rates adjusted assuming
that aspirin provided a 22% reduction in risk.

b NICE risks reproduced form the clinical knowledge summary CHA2DS2-VASc clinical risk estimation for
stroke or other thromboembolic events and based on the results of Lip et al(156), with adjustment assuming

that warfarin provides a 64% reduction in risk of thromboembolism Hart et al (67).

Table A1.1.2 ORBIT bleeding risk scoring system

Risk factor Points
Male with haemoglobin <130 g/L or haematocrit <40% 2
Female with haemoglobin <120 g/L or haematocrit <36% 2
History of bleeding (eg, gastrointestinal or intracranial bleeding, or )
haemorrhagic stroke)

Age > 74 years 1
Estimated glomerular filtration rate < 60 mL/min/1.73m? 1
Treated with antiplatelets 1
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Table A1.1.3 Bleeding risk by ORBIT score from O’Brien et al (63)
ORBIT bleeding score category:

RBIT
lfl) eedin Major bleeds major bleeds
score g per 100 patient-years (95% CI) per 100 patient-years
0 1.7 (1.2,2.4) Low (0-2): 2.4
1 2.3(1.9,2.9)
2 2.9(2.3,3.5)
3 4.7 (4.0,5.6) Medium (3): 4.7
4 6.8 (5.8, 8.1)
5 9.0 (7.2, 11.2)
High (>4): 8.1
6 12.3 (9.0, 16.7)
7 14.9 (8.9, 25.3)

Observed bleeding rates from ORBIT-AF (Outcomes registry for better informed treatment).

Table from: O'Brien EC et al. The ORBIT bleeding score: a simple bedside score to assess bleeding risk in
atrial fibrillation. Eur Heart J. 2015 Dec 7;36(46):3258-64. doi: 10.1093/eurheartj/chv476.

Table 3 Outcomes registry for better informed treatment bleeding risk score and observed major bleeding
rates (63)
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A2.1 Supplementary material from Research Paper 1: BMJ Open protocol
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Appendix Table: ARISTOTLE Inclusion and Exclusion Criteria Algorithms for EHR
To be trial eligible a patient must have all inclusion criteria (IEO1 to IE03)=Y and no exclusion (IEO5 to IE27¢)=Y

Criteria
# Used? | Criteria Text (from ARISTOTLE protocol) Implementation Rule and Notes
Inclusion Critera (IEO1 to IEQ4a)
Calculate age at index date, day and month of birth not available therefore
calculate age by assuming birthdate=01-July-birthyear:
age =(indexdate-birthdate)/365.25
IE01 Y Age 2 18 years If age ge 18 then IEQ1=Y.
In atrial fibrillation or atrial flutter not due to a reversible cause and
documented by ECG at the time of enroliment. OR If not in atrial
fibrillation/flutter at the time of enroliment, must have atrial
fibrillation/flutter documented on two separate occasions, not due to a
reversible cause at least 2 weeks apart in the 12 months prior to enroliment.
Atrial fibrillation/flutter may be documented by ECG, or as an episode lasting
at least one minute on a rhythm strip, Holter recording, or intracardiac If patient has medical record corresponding to atrial fibrillation or atrial flutter on
1E02 Y electrogram (from an implanted pacemaker or defibrillator). or prior to index date then IE02=Y.
One or more of the following risk factor(s) for stroke: IEQ3=Y if at least one of (IE03a, IEO3b, IE03c, IEO3d, IEO3e)is Y.
See IEO1 for derivation of age at index date.
IEO3a Y Age 75 years or older If age ge 75 then IE03a=Y
If patient has medical record corresponding to stroke, TIA, or systemic embolus
diagnosis on or prior to index date then IEO3b=Y.
Codelist search terms include 'stroke’, 'cerebrovascular accident’, ‘cerebral
IEO3b Y Prior stroke, TIA or systemic embolus infarction’, "lacunar’, 'transient ischaemic attack’, and synonyms for these.
If patient has medical record corresponding to congestive heart failure or left
ventricular dysfunction diagnosis on or prior to index date then IE03c=Y.
Codelist search terms include 'heart failure', 'cardiac failure', ‘congestive heart
Either symptomatic congestive heart failure within 3 months or left failure’, 'cardiomyopathy', left ventricular dysfunction’, 'left ventricular’, "lvef’,
ventricular dysfunction with an LV ejection fraction (LVEF) < 40% by ‘new york heart association classification’, 'hypertensive heart', and synonyms for
1E03c Y echocardiography, radionuclide study or contrast angiography these.
If patient has medical record corresponding to diabetes diagnosis on or prior to
index date then IEQ3d=Y.
Codelist search terms include ‘diabetes’, both type 1 and type 2 diabetes are
1E03d Y Diabetes mellitus included.

Powell EM, et al. BMJ Open 2021; 11:¢042947. doi: 10.1136/bmjopen-2020-042947
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Criteria
# Used? | Criteria Text (from ARISTOTLE protocol) Implementation Rule and Notes
If patient has medical record corresponding to hypertension on or prior to index
date AND a prescription for an antihypertensive on or prior to index date then
IE03e=Y.
Hypertension codelist search terms include 'hyperten’, 'high blood pressure’,
IE03e Y Hypertension requiring pharmacological treatment ‘nephrosclerosis’, and synonyms for these.
Women of childbearing potential (WOCBP) must be using an adequate
method of contraception to avoid pregnancy throughout the treatment
period of the study or for 2 weeks after the last dose of study medication,
whichever is longer, in such a manner that the risk of pregnancy is
minimized. WOCBP must have a negative serum or urine pregnancy test
(minimum sensitivity 25 IU/L or equivalent units of HCG) within 48 hours This criteria is only partially applied - women with evidence of recent pregnancy or
IEO4 N prior to the start of investigational product. breastfeeding will be excluded (see I1E27c).
IE04b N All subjects must provide signed written informed consent. N/A for observational study
Exclusion criteria (IEQS to IE27d)
If patient has medical record corresponding to reversible AF causes on or prior to
index date then IE05=Y.
Atrial fibrillation or flutter due to reversible causes (e.g. thyrotoxicosis, Codelist search terms include 'thyrotoxicosis', 'pericarditis’, and synonyms for
IE0S Y pericarditis) these.
If patient has medical record corresponding to mitral stenosis on or prior to index
date then IEO6=Y.
Cannot determine clinical significance of ‘mitral stenosis’ terms in CPRD therefore
IE06 Y Clinically significant (moderate or severe) mitral stenosis assume if there is a record of mitral stenosis the condition is clinically significant.
If patient has medical record corresponding to increased bleeding risk on or prior to
index date then IEQ7=Y.
Codelist search terms include 'haemorrhag', 'bleed’, 'aneurysm’, (('intracranial’ or
'brain’) and ('neoplasm’ or ‘tumour’ or "cancer’)), 'arteriovenous malformation’,
'immune thrombocytopenic purpura’, ‘evans disease', "hemolytic anemia’,
'haemophilia’, 'von willebrand disease’, ('glanzmann’ and 'thrombasthenia’),
'wiskott-aldrich syndrome’, ‘thrombocytopenia' and synonyms for these.
For some forms of more common past bleeding event such as bleeding related to
menstrual or uterine bleeding, bleeding associated with surgery or injury, bleeding
associated with ulcer or gastritis, eye bleeding (retinal, conjunctival) we apply the
Increased bleeding risk that is believed to be a contraindication to oral additional criteria that these must be within the last two years to be included as
IEQ7 Y anticoagulation (e.g. previous intracranial hemorrhage) evidence of increased bleeding risk.
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Criteria
# Used? | Criteria Text (from ARISTOTLE protocol) Implementation Rule and Notes
If patient has medical record corresponding to a condition other than atrial
fibrillation that requires chronic anticoagulation on or prior to index date then
IE08=Y.
Conditions other than atrial fibrillation that require chronic anticoagulation Codelist search terms include ((‘heart' or "valve’) and ('prosth’ or 'mechanical’)),
IEO8 Y (e.g. prosthetic mechanical heart valve) 'venous thromb', and synonyms for these.
If patient has at least 2 blood pressure readings over the limit (systolic BP > 180 mm
Hg, or diastolic BP > 100 mm Hg) in the 6 months prior to the index date
OR
the patient has a medical record (within 180 days prior to index date) indicating
uncontrolled hypertension then IE09=Y
Codelist search terms include 'poor hypertension control', "hypertensive crisis’,
Persistent, uncontrolled hypertension (systolic BP > 180 mm Hg, or diastolic 'malignant hypertension’, 'severe hypertension’, "hypertension resistant to drug
IE0S Y BP > 100 mm Hg) therapy', and synonyms for these.
If patient has medical record corresponding to endocarditis on or prior to index
IE10 Y Active infective endocarditis date then IE10=Y.
IE11 N Planned major surgery N/A - do not look at future events when determining eligibility
1IE12 N Planned atrial fibrillation or flutter ablation procedure N/A - do not look at future events when determining eligibility
1E13 N Use of an unapproved, investigational drug or device within the past 30 days | N/A - not appropriate to apply when looking at observational data
If patient has a prescription for aspirin with dose > 165 mg/day and prescription
data suggests drug exposure ongoing at index date then IE14=Y.
Note this will not pick up patients taking regular aspirin over the counter (study
IE14 Y Required treatment with aspirin > 165 mg/day limitation).
Simultaneous treatment with both aspirin and a thienopyridine (e.g., If both aspirin and thienopyridine ongoing at index date (ie derived exposure covers
IE1S Y clopidogrel, ticlopidine) index date) then IE15=Y.
If patient has medical record corresponding to a condition with a low median
survival time then IE16=Y.
Codelist search terms include pancreatic, oesophageal, stomach, liver, gallbladder,
biliary duct, bladder, lung or brain cancer, multiple myeloma, mesothelioma, CJD,
IE16 Y Severe comorbid condition with life expectancy of < 1 year and synonyms for these.
If patient has medical record corresponding to drug or alcohol abuse or any
complications of abuse, conditions involving an impaired mental state (dementia
Active alcohol or drug abuse, or psychosocial reasons that make study including subtypes such as Alzheimer’s), severe mental health conditions
IE17 Y participation impractical (schizophrenia, psychosis, bipolar) then IE17=Y.
If patient has medical record corresponding to ischemic stroke within 7 days of
IE18 Y Recent ischemic stroke (within 7 days) index date (prior) then IE18=Y.
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# Used? | Criteria Text (from ARISTOTLE protocol) Implementation Rule and Notes
If patient has lab result showing serum creatinine > 2.5 mg/dL or a calculated
creatinine clearance < 25 mL/min within 90 days prior to index date
OR
a medical record corresponding to severe renal insufficiency (chronic kidney
Severe renal insufficiency (serum creatinine > 2.5 mg/dL or a calculated disease stage 4 or 5, dialysis)
IE19 Y creatinine clearance < 25 mL/min, See Section 6.3.2.2) then IE19=Y
If patient has lab result showing ALT or AST > 2X ULN or a Total Bilirubin = 1.5X
ALT or AST > 2X ULN or a Total Bilirubin 2 1.5X ULN (unless an alternative ULN within S0 days prior to index date (AND no diagnosis of Gilbert's syndrome)
1E20 Y causative factor [e.g., Gilbert's syndrome] is identified) then IE20=Y
If patient has lab result showing platelet count < 100,000/ mm3 within 90 days
prior to index date
OR
a medical record of thrombocytopenia within 90 days prior to index date
IE21 Y Platelet count < 100,000/ mm3 then IE21=Y
If patient has lab result showing hemoglobin < 9 g/dL within 90 days prior to index
1E22 Y Hemoglobin < 8 g/dL date then IE22=Y
Patients unlikely to be able to comply with INR monitoring — evidence of drug or
alcohol abuse, impaired mental state, severe mental health conditions. All these
1E23 N Inability to comply with INR monitoring conditions are already excluded by IE17
1E24 N Prior randomization into an apixaban clinical study N/A
1E25 N Prisoners or subjects who are involuntarily incarcerated N/A
Subjects who are compulsorily detained for treatment of either a psychiatric
1E26 N or physical (e.g., infectious disease) iliness N/A
Women of child bearing potential (WOCBP) unwilling or unable to use an
N acceptable method to avoid pregnancy: N/A - see IE27¢
N/A
IE27a N WOCBP using a prohibited contraceptive method
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Used?

Criteria Text (from ARISTOTLE protocol)

Implementation Rule and Notes

IE27b

WOCBP include any female who has experienced menarche and who has not
undergone successful surgical sterilization (hysterectomy, bilateral tubal
ligation, or bilateral oophorectomy) or is not postmenopausal [defined as
amenorrhea 2 12 consecutive months, or women on hormone replacement
therapy (HRT) with documented serum follicle stimulating hormone (FSH)
level > 35 mIU/mL). Even women who are using oral contraceptives, other
hormonal contraceptives (vaginal products, skin patches, or implanted or
injectable products), or mechanical products such as an intrauterine device
or barrier methods (diaphragm, condoms, spermicides) to prevent
pregnancy, or are practicing abstinence or where their partner is sterile (e.g.,
vasectomy) should be considered to be of child bearing potential

N/A

IE27¢

Women who are pregnant or breastfeeding

Exclude women who have any medical codes relating to pregnancy (regardless of
the outcome of the pregnancy), childbirth, antenatal or postnatal care, or
breastfeeding in the 3 years prior to the patient’s index date.

IE27d

Women with a positive pregnancy test on enrollment or prior to
administration of investigational product.

N/A - covered by IE27¢

Note: Algorithms are under development as part of this study and may be further refined prior to being finalised.
N/A = Not Applicable. For IE19-1E22 involving lab results a pragmatic approach will be taken in which a patient is assumed not to have the exclusion criteria if there is no lab
result available in the 90 days prior to index date and the latest available lab result prior to index date does not meet the criteria.
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A2.2 Codelists used in the project

Full codelists available to view and download from

https://datacompass.lshtm.ac.uk/id/eprint/3590/

Snomed codes for Atrial Fibrillation for CPRD Aurum

medcodeid

snomedctconceptid SnomedCTDescriptionId

260825100000011615964901000119107 3322864015
986894100000611615964901000119107 3323015018
986895100000611915964901000119107 3323016017

256478018 164889003
4586611000006112164889003

4586631000006118164890007

4586641000006111164890007
256479014 164890007
783761000006118 175146007

865521000006116 175146007
18239510000061111823951000006107
18240510000061131824051000006109

18564310000061181856431000006102
19320210000061171932021000006101

300130013 195080001
300132017 195080001
350465014 233911009

5057281000006117233911009
406861000000119 248411000000105
5669611000006119282825002
5669591000006113282825002

5669601000006117282825002

256478018
3300048013

3300081014

3300082019
256479014
271235013

865521000006116
1823951000006111
1824051000006113

1856431000006118
1932021000006117

300130013
300130013

350465014
350466010

406861000000119
421234013
421232012

421233019

421235014 282825002
6016401000006115312442005
456154015 312442005
2675253013 426749004
2675306013 427665004
2692063011 428076002

421235014
2986292016
456154015
2675253013
2675306013
2692063011

636721000000112 440028005
636701000000115 440059007
329991100000611649436004
82343012 49436004
9988012 5370000
2608211000000115720448006
7803631000006115720448006
7803641000006113720448006
1755871000000117758600000

2793259018
2793372019
1230726010
82343012
9988012
3320796013
3320801015
3320802010
3620630016

term
atypical atrial flutter
atrial flutter type 2
atrial flutter type ii
ecg: atrial fibrillation
electrocardiographic atrial
fibrillation
electrocardiographic atrial
flutter
ekg: atrial flutter
ecg: atrial flutter
implant intravenous pacemaker for
atrial fibrillation
pacer controlled atrial fibril
atrial fibrillation confirmed
atrial fibrillation clinical
pathway protocol followed
atrial fibrillation follow-up
3d study - problems with atrial
fibrillation management
atrial fibrillation and flutter
atrial fibrillation and flutter
nos
non-rheumatic atrial fibrillation
nraf - non-rheumatic atrial
fibrillation
atrial fibrillation annual review
intermittent atrial fibrillation
af - paroxysmal atrial
fibrillation
paf - paroxysmal atrial
fibrillation
paroxysmal atrial fibrillation
history of atrial fibrillation
h/o: atrial fibrillation
chronic atrial fibrillation
paroxysmal atrial flutter
history of atrial flutter
permanent atrial fibrillation
persistent atrial fibrillation
af - atrial fibrillation
atrial fibrillation
atrial flutter
typical atrial flutter
atrial flutter type i
atrial flutter type 1
referral to atrial fibrillation
clinic
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Snomed codes for

prodcodeid
1337441000033110
3097541000033112
1337341000033116
6444541000033110
6444441000033114
8232941000033119
8233041000033112
4500341000033115
4500541000033110
6436141000033111
6436241000033116
4500441000033114
4500241000033113
10493841000033112
10493541000033110
10493641000033111
10493941000033116
10494041000033119
10493741000033119
1081541000033110
1082341000033112
1082441000033118
9121441000033118
9121341000033112
12407141000033118

12407041000033117

4656441000033114
4656341000033115
6511541000033112
6511341000033117
9704641000033115
9704541000033116
6511441000033111
6511641000033113
1532041000033119
1531941000033113
1532341000033117
1532241000033110
1532141000033115
6000741000033110
6000541000033119
6000641000033118
2620141000033114
6066441000033118
2639041000033119
6000841000033117
6000941000033113
1531641000033118
868141000033114

1531741000033110
868241000033119

6112441000033111
868341000033112

1531841000033117
1819641000033114
1819741000033117

Oral Anticoagulants for CPRD Aurum

productname (termfromemis if productname
missing)

sinthrome tablets 4 mg
acenocoumarol 1Img tablets

sinthrome 1mg tablets

eliquis 2.5mg tablets

apixaban 2.5mg tablets

apixaban 5mg tablets

eliquis 5mg tablets

dabigatran etexilate 110mg capsules
pradaxa 110mg capsules

dabigatran etexilate 150mg capsules
pradaxa 150mg capsules

pradaxa 75mg capsules

dabigatran etexilate 75mg capsules
lixiana 15mg tablets

edoxaban 15mg tablets

edoxaban 30mg tablets

lixiana 30mg tablets

lixiana 60mg tablets

edoxaban 60mg tablets

phenindione 10mg tablets
phenindione 25mg tablets
phenindione 50mg tablets

marcoumar 3mg tablets

phenprocoumon 3mg tablets

xarelto 15mg / 20mg treatment initiation
pack

rivaroxaban 15mg tablets and rivaroxaban
20mg tablets

xarelto 10mg tablets

rivaroxaban 10mg tablets

xarelto 15mg tablets

rivaroxaban 15mg tablets

xarelto 2.5mg tablets

rivaroxaban 2.5mg tablets
rivaroxaban 20mg tablets

xarelto 20mg tablets

warfarin wbp tablets 1 mg

warfarin wbp tablets

warfarin (evans) tablets 3 mg
warfarin wbp tablets 5 mg

warfarin wbp tablets 3 mg

warfarin 5mg/5ml oral solution
warfarin 1lmg/5ml oral solution
warfarin 3mg/5ml oral solution
warfarin 5mg/5ml oral suspension

warfarin Ilmg/ml oral suspension sugar free

warfarin 10mg/5ml oral suspension
warfarin 1lmg/5ml oral suspension
warfarin 3mg/5ml oral suspension
warfarin 1lmg tablets

marevan 1lmg tablets

warfarin 3mg tablets

marevan 3mg tablets

coumadin 4mg tablets

marevan 5Smg tablets

warfarin 5mg tablets

warfarin 500microgram tablets
marevan 500microgram tablets

drugsub

Acenocoumarol
Acenocoumarol
Acenocoumarol

Apixaban
Apixaban
Apixaban
Apixaban
Dabigatran
Dabigatran
Dabigatran
Dabigatran
Dabigatran
Dabigatran
Edoxaban
Edoxaban
Edoxaban
Edoxaban
Edoxaban
Edoxaban
Phenindione
Phenindione
Phenindione

Phenprocoumon
Phenprocoumon

Rivaroxaban

Rivaroxaban

Rivaroxaban
Rivaroxaban
Rivaroxaban
Rivaroxaban
Rivaroxaban
Rivaroxaban
Rivaroxaban
Rivaroxaban
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
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Snomed codes for Stroke TIA SE for CPRD Aurum

snomedctconcept SnomedCTDescription

medcodeid id Id
126301000006113 1055001 2858018
251517100000611 1055001 2861017

1
126264010000061 111098100000010 2779941000000115
15 4

360778011 111298007 360778011
419366100000611 111298007 178529015
0

966981000006112112901000000108 199461000000113

370661000006114 125081000119106 3042974014

542261000006114 125081000119106 3042974014

252054100000611 1386000 3421016

2

300298011 1386000 475553012
25897016 15258001 25897016

157310100000611 157310100000610 1573101000006112
2 8

251692018 161511000 251692018
454059100000611 161511000 2986735018

3

168279100000611 168279100000610 1682791000006112
2 8

264499015 170600009 264499015

172658100000611 172658100000610 1726581000006116
6 0
177337100000611 177337100000610 1773371000006117
7 1
186332100000611 186332100000610 1863321000006113

296940016 392759008 296937016

476849100000611 192759008 1784812010
§00721000006111192759008 296937016

296938014 192760003 296938014

296939018 192761004 296939018

477772100000611 195155004 300243018

200244012 195155004 300244012

300253017 195160000 300253017

477775100000611 195160000 2915522014
277776100000611195160000 2916525016
j77774100000611195l60000 300254011

277781100000611195165005 300271012

203791000006114195165005 300272017

477783100000611 195167002 300275015

§00276019 195167002 300276019

477787100000611 195168007 2916313015
4

term
stenosis of precerebral arteries
narrowing of precerebral artery

gof (quality and outcomes framework)
stroke and transient ischaemic attack
quality indicator-related care
invitation

chronic cerebral ischaemia

chronic cerebral ischemia

ref to multidisciplinary stroke
function improvement service
[x]cereb infarct due unsp
occlus/stenos precerebr arteries
cereb infarct due unsp occlus/stenos
precerebr arteries

intracranial hemorrhage

intracranial haemorrhage nos
subclavian steal syndrome

cerebral infarction with haemorrhagic
transformation

h/o: tia

history of transient ischemic attack

mitoch myopath/encephalopath/lactic
acidosis/stroke-like episode

stroke monitoring

central post-stroke pain

cerebrovascular accident care plan
referral by stroke nurse specialist

thrombosis of central nervous system
venous sinus nos

thrombosis of intracranial venous
sinus

thrombosis of central nervous system
venous sinuses

thrombosis of superior longitudinal
sinus

thrombosis transverse sinus
subarachnoid hemorrhage from carotid
siphon and bifurcation

subarachnoid haemorrhage from carotid
siphon and bifurcation

subarachnoid haemorrhage from
vertebral artery

intracranial subarachnoid hemorrhage
from vertebral artery

intracranial subarachnoid haemorrhage
from vertebral artery

subarachnoid hemorrhage from vertebral
artery

basal ganglia hemorrhage

basal nucleus haemorrhage
external capsule hemorrhage

external capsule haemorrhage

intracerebral hemorrhage with
intraventricular hemorrhage
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snomedctconcept SnomedCTDescription

medcodeid id
477786100000611 195168007
377785100000611195168007
200277011 195168007
746571000006116 195169004

477788100000611 195169004
2
477789100000611 195169004
0
300303013 195180004
884461000006113 195180004
477797100000611 195180004
5
477798100000611 195180004
7
884481000006115195182007

300309012 195182007
300310019 195183002
300312010 195185009
300313017 195186005
300321011 195189003
300322016 195190007

67501000006115 195199008
477807100000611 195200006
8

300344014 195200006
300345010 195201005
300352012 195205001

477810100000611 195205001
1

300353019 195206000
477812100000611 195206000
8

300362017 195209007
300363010 195210002
300364016 195211003

524511000006116 195212005
300366019 195213000
477818100000611 195216008
9

300370010 195216008
300371014 195217004
477820100000611 195217004
8

586241000006116 195229008
542251000006112 195230003

300395011 195232006
300396012 195233001
300398013 195234007
300399017 195235008

267311000006118 195236009

Id
2915438018

300278018
300277011
300280012
300280012
300279014
300303013
884461000006113
2535860015
2966578019
884481000006115
300309012
300310019
300312010
300313017
300321011
300322016

300343015
2966553018

300344014
300345010

300352012
300351017

300353019
300354013

300362017
300363010
300364016
300365015
300366019
300369014
300370010
300371014
300372019

300392014
300393016

300395011

300396012

300398013

300399017

300400012

term
intracerebral haemorrhage with
intraventricular haemorrhage
intracerebral hemorrhage,
intraventricular
intracerebral haemorrhage,
intraventricular
intracerebral haemorrhage, multiple
localized
intracerebral haemorrhage, multiple
localised
intracerebral hemorrhage, multiple
localized
basilar artery occlusion
basilar artery occluded
basilar artery obstruction

occlusion of basilar artery

vertebral artery occluded

vertebral artery occlusion

multiple and bilateral precerebral
arterial occlusion

cerebral infarct due to thrombosis of
precerebral arteries

cerebral infarction due to embolism of
precerebral arteries

cerebral infarction due to thrombosis
of cerebral arteries

cerebral infarction due to embolism of
cerebral arteries
vertebro-basilar artery syndrome
carotid artery syndrome

carotid artery syndrome hemispheric
multiple and bilateral precerebral
artery syndromes

impending cerebral ischaemia
impending cerebral ischemia

intermittent cerebral ischaemia
intermittent cerebral ischemia

middle cerebral artery syndrome
anterior cerebral artery syndrome
posterior cerebral artery syndrome
brain stem stroke syndrome
cerebellar stroke syndrome

left sided cerebral hemisphere
cerebrovascular accident

left sided cva

right sided cva

right sided cerebral hemisphere
cerebrovascular accident
nonpyogenic venous sinus thrombosis
cereb infarct due cerebral venous
thrombosis, nonpyogenic

occlusion and stenosis of middle
cerebral artery

occlusion and stenosis of anterior
cerebral artery

occlusion and stenosis of posterior
cerebral artery

occlusion and stenosis of cerebellar
arteries

occlusion+stenosis of multiple and
bilat cerebral arteries
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snomedctconcept SnomedCTDescription

medcodeid id Id term

300406018 195240000 300406018 sequelae of subarachnoid haemorrhage

477833100000611 195240000 300405019 sequelae of subarachnoid hemorrhage

8

300407010 195241001 300407010 sequelae of intracerebral haemorrhage

477835100000611 195241001 300408017 sequelae of intracerebral hemorrhage

3

300411016 195243003 300411016 sequelae of cerebral infarction

300533017 195317001 300533017 embolism and thrombosis of the
thoracic aorta

884651000006113 195317001 884651000006113 embolus/thrombosis aorta nos

300534011 195318006 300534011 embolism and thrombosis of an arm or
leg artery

300550015 195318006 300534011 peripheral arterial embolism and
thrombosis nos

300547018 195318006 300534011 embolism and thrombosis of a leg
artery nos

300538014 195318006 300534011 embolism and thrombosis of an arm
artery nos

300535012 195319003 300535012 embolism and thrombosis of the
brachial artery

300536013 195320009 300536013 embolism and thrombosis of the radial
artery

300537016 195321008 300537016 embolism and thrombosis of the ulnar
artery

300539018 195323006 300539018 embolism and thrombosis of the femoral
artery

300540016 195324000 300540016 embolism and thrombosis of the
popliteal artery

300541017 195325004 300541017 embolism and thrombosis of the
anterior tibial artery

300542012 195326003 300542012 embolism and thrombosis of the
dorsalis pedis artery

300543019 195327007 300543019 embolism and thrombosis of the
posterior tibial artery

300553018 195335005 300553018 embolism and/or thrombosis of the
common iliac artery

300557017 195339004 300557017 embolism and thrombosis of the
subclavian artery

300558010 195340002 300558010 empbolism and thrombosis of the splenic
artery

300559019 195341003 300559019 embolism and thrombosis of the
axillary artery

477898100000611 195342005 300560012 embolism and thrombosis of the celiac

6 artery

300561011 195342005 300561011 embolism and thrombosis of the coeliac
artery

477899100000611 195343000 3491726018 embolism and thrombosis of hepatic

8 artery

300562016 195343000 3491726018 empbolism and thrombosis of the hepatic
artery

199476100000611199476100000610 1994761000006112 referral to stroke rehabilitation

2 8 service

307780013 200258006 307780013 obstetric cerebral venous thrombosis

307781012 200259003 307781012 cerebral venous thrombosis in
pregnancy

307782017 200260008 307782017 cerebral venous thrombosis in the
puerperium

370701000006118 20059004 33759015 [x]cerebrl infarctn due/unspcf occlusn
or sten/cerebrl artrs

543141000006110 20059004 33759015 cerebrl infarctn due/unspcf occlusn or
sten/cerebrl artrs

300943012 20059004 33759015 [x]occlusion and stenosis of other
cerebral arteries

281882100000611 20059004 2966627019 occlusion of cerebral artery

1

1222398015 20059004 1222398015 cerebral arterial occlusion
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snomedctconcept SnomedCTDescription
medcodeid id Id term
200852100000611 200852100000610 2008521000006110 referral to community stroke service
0 6
200860100000611 200860100000610 2008601000006116 discharge from community stroke

6 0 service

306621000000116201501000000108 306621000000116 seen in stroke clinic

100701000006118 21258007 1222620011 thrombosis lateral sinus

283799100000611 21258007 35719015 thrombosis of transverse sinus

1

283798100000611 21258007 35718011 thrombosis of lateral venous sinus

3

283800100000611 21258007 1222620011 cerebral venous thrombosis of lateral

8 sinus

481028017 21454007 481028017 subarachnoid haemorrhage

428181000006115 21454007 36011016 [x] subarachnoid haemorrh from
intracranial artery, unspecif

284115100000611 21454007 1217630014 sah - subarachnoid hemorrhage

3

284116100000611 21454007 2916299018 subarachnoid intracranial haemorrhage

0

300935019 21454007 36011016 [x] subarachnoid haemorrhage from other
intracranial arteries

284117100000611 21454007 2916568015 subarachnoid intracranial hemorrhage

5

123481000006118 21454007 36011016 subarachnoid haemorrhage from anterior
communicating artery

123521000006118 21454007 36011016 subarachnoid haemorrhage from
posterior communicating artery

123511000006114 21454007 36011016 subarachnoid haemorrhage from middle
cerebral artery

300257016 21454007 481028017 subarachnoid haemorrhage nos

284114100000611 21454007 1216125018 sah - subarachnoid haemorrhage

1

300936018 21454007 481028017 [x]other subarachnoid haemorrhage

123441000006112 21454007 36011016 subarachnoid haemorrh from
intracranial artery, unspecif

154805100000611 223501000000102 356141000000111 perc translum embolis major systemic

8 pulmonary collater art

405339016 230690007 345637012 stroke and cerebrovascular accident
unspecified

605491000006113 230690007 345635016 cva - cerebrovascular accident
unspecified

605501000006117 230690007 345637012 cva unspecified

501098100000611 230690007 345636015 stroke

9

122401000006115 230690007 345637012 stroke unspecified

118785110000061 230691006 3636108019 cerebrovascular accident due to

13 occlusion of cerebral artery

501102100000611 230691006 2914970017 cerebrovascular accident due to

3 cerebral artery occlusion

122361000006113 230691006 345638019 stroke due to cerebral arterial
occlusion

605461000006117 230691006 345638019 cva - cerebral artery occlusion

345639010 230692004 345639010 infarction - precerebral

299342019 230698000 345651012 [x]other lacunar syndromes

501116100000611 230698000 345652017 lacunar stroke

5

501117100000611 230698000 345653010 laci - lacunar infarction

0

501118100000611 230698000 345654016 1i - lacunar infarction

3

345655015 230699008 345655015 pure motor lacunar syndrome

501119100000611 230699008 345656019 pure motor lacunar infarction

1

345658018 230700009 345658018 pure sensory lacunar syndrome

501121100000611 230700009 345657011 pure sensory lacunar infarction

2
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snomedctconcept SnomedCTDescription

medcodeid id Id term

345675012 230710000 345675012 lobar cerebral haemorrhage

501140100000611 230710000 345674011 lobar cerebral hemorrhage

0

345684012 230716006 345684012 carotid territory transient ischaemic
attack

501150100000611 230716006 345685013 anterior circulation transient

1 ischemic attack

501151100000611 230716006 345686014 carotid territory transient ischemic

4 attack

501149100000611 230716006 345683018 anterior circulation transient

5 ischaemic attack

371641000000112231231000000107 371641000000112 delivery of rehabilitation for stroke

350563016 233972005 350563016 saddle embolus

356328018 237766002 356328018 adrenocortical haemorrhage

511220100000611 237766002 356329014 adrenocortical hemorrhage

1

395777014 266253001 395777014 precerebral arterial occlusion

300942019 266253001 395777014 [x]occlusion and stenosis of other
precerebral arteries

300311015 266253001 395777014 other precerebral artery occlusion

122229710000061 266253001 3644064018 occlusion of precerebral artery

19

300314011 266253001 395777014 precerebral artery occlusion nos

395778016 266254007 395778016 carotid artery occlusion

884471000006118 266254007 884471000006118 carotid artery occluded

118232010000061 266254007 3636115010 occlusion of carotid artery

16

395783012 266257000 395783012 transient ischaemic attack

988951000006117 266257000 988951000006117 transient ischaemic attacks

300348012 266257000 395788015 other transient cerebral ischaemia

300349016 266257000 395788015 transient cerebral ischaemia nos

95931000006111 266257000 395788015 transient cerebral ischaemia nos

416991000006112 266257000 395788015 [x]other transnt cerebral ischaemic
attacks+related syndroms

549220100000611 266257000 395784018 tia - transient ischaemic attack

1

549218100000611 266257000 395782019 temporary cerebral vascular

0 dysfunction

549217100000611 266257000 395781014 tia

2

549222100000611 266257000 395787013 transient ischemic attack

8

395788015 266257000 395788015 transient cerebral ischaemia

119201210000061 266257000 395785017 transient cerebral ischemia

17

395794011 266262004 395794011 arterial embolic and thrombotic
occlusion

884631000006118 266262004 884631000006118 arterial embolism/thrombosis

300556014 266262004 395794011 embolism and thrombosis of the iliac
artery unspecified

300564015 266262004 395794011 arterial embolism and thrombosis nos

300964011 266262004 395794011 [x]embolism and thrombosis of other
arteries

395795012 266262004 395795012 arterial embolus and thrombosis

300563014 266262004 395794011 embolism and thrombosis of other
arteries nos

491241000006118 266262004 395795012 arterial embolism and thrombosis

300552011 266262004 395794011 embolism and thrombosis of other
specified artery

395796013 266263009 395796013 embolism and thrombosis of the
abdominal aorta

884641000006111 266263009 884641000006111 embolus/thrombosis abd. aorta

1227592012 266995000 397829016 [vlpersonal history of cerebrovascular
accident (cva)

989211000006119 274100004 989211000006119 cerebral haemorrhage nos

300287010 274100004 2819959010 intracerebral haemorrhage nos
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snomedctconcept SnomedCTDescription

medcodeid id
122371000006118 274100004

884421000006119 274100004
300939013 274100004
744901000006114 274100004
744921000006116 274100004

122231110000061 274100004
ii9035710000061274100004
i22231310000061274100004
é§6016100000611274100004
%48941000006115274100004
300956017 274100004
122231010000061 274100004
i22231210000061274100004
éé5471000006112274100004

119195710000061 274100004
10

989201000006117 274100004
638871000006114 274101000

556017100000611 274101000
6
605481000006110 275434003

411416011 275434003
411518010 275526006
2476091017 275526006
1227591017 275526006

809421000006116 275526006
123491000006115 276284000

558310100000611 276284000
258311100000611276284000
259704100000611277286006
213750011 277286006
295023100000611 28048009
il923791000006128048009
12333100000611428048009

123321000006111 28048009

123411000006113 28048009

123311000006115 28048009

123421000006117 28048009

123391000006113 28048009

123431000006119 28048009

Id
409859018

884421000006119

409860011

2819959010

409860011

3673216015

122371000006118

3673218019

2819960017

409859018

409860011

3673215016

3673217012

409859018

411291000006111

989201000006117
409861010

409861010
411416011
411416011
411518010
2476091017
2476091017
2986886017
412361011
412361011
412362016
413749011

413750011
2950231000006111

46957015

46957015

46957015

46957015

46957015

46957015

46957015

46957015

term
stroke due to intracerebral
haemorrhage
cerebral haemorrhage
[x]other intracerebral haemorrhage
intracerebral haemorrhage
intracerebral haemorrhage in
hemisphere, unspecified
intracerebral hemorrhage

stroke due to intracerebral
haemorrhage
ich - intracerebral hemorrhage

intracerebral hemorrhage (ich)

left sided intracerebral haemorrhage,
unspecified

[x]intracerebral haemorrhage in
hemisphere, unspecified
intracerebral haemorrhage

ich - intracerebral haemorrhage

cva - cerebrovascular accid due to
intracerebral haemorrhage
[x]other intracerebral haemorrhage

cerebral haemorrhage

embolism and thrombosis of other and
unspec parts aorta

aortic thromboembolism

cva - cerebrovascular accident in the
puerperium

stroke in the puerperium

h/o: cva

h/o: stroke

[vlpersonal history of stroke

h/o: cva/stroke

subarachnoid haemorrhage from basilar
artery

subarachnoid haemorrhage from basilar
artery aneurysm

subarachnoid hemorrhage from basilar
artery aneurysm

cpsp - central post-stroke pain

central post-stroke pain

subarachnoid haemorrhage following
injury without open intracranial wound
subarachnoid hemorrhage following
injury without open intracranial wound
subarach h'ge inj no open intracran
wnd+loc unspec duration

subarach h'ge inj no open intracran
wnd+>24hrs loc-restored

subarachnoid h'ge inj no open
intracran wnd+no loss consc

subarach h'ge inj no open intracran
wnd + concussion unspec

subarachnoid h'ge inj no open
intracran wound + 1-24hr loc
subarachnoid h'ge inj no open
intracran wnd+<lhr loss consc
subarachnoid h'ge inj no open
intracran wound + unspec consc
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snomedctconcept SnomedCTDescription

medcodeid id
123401000006110 28048009

402929011

300380014

28048009

29322000

596082100000611 306802002

7

449935012 306803007
451133011 307766002
451134017 307767006
451371010 308067002

597452100000611 308067002
6
163261000006119 308128006

127224810000061 308128006
16
216711000006118 312377009

601556100000611 312377009
2
601560100000611 312380005
2
216701000006116 312380005

2476647018 34781003
58046010 34781003
1212072018 373606000

841051000006113 390936003

651654100000611 390936003
9

271757017 397045002
271780013 397045002
394347014 397045002

658099100000611 397045002
8

271759019 397045002
272097014 397045002
271760012 397045002
271761011 397045002
2474330011 412773009
683705100000611 413102000
9

683706100000611 413102000
;474651019 413102000
683738100000611 413124000
283737100000611413124000
2469365010 413124000

2534253014 415628004
688044100000611 415628004
9

2534212018 415629007

Id
46957015

483737017
49074018
449934011
449935012
451133011
451134017
451371010
2986393012
704642018
451441015
456079019
456079019
456083019
456083019
2476647018
58046010
1212072018
1477210016
1476249012
1776771012
1776771012
1776771012
1776771012

1776771012

1776771012
1776771012

1776771012

2474330011
2966612019

2966650013

2474651019
2694676019

2469839018

2469365010

2534253014

2534252016

2534212018

term
subarachnoid h'ge inj no open
intracran wnd+>24 loct+recovery
closed traumatic subarachnoid
haemorrhage
acute cerebrovascular insufficiency
nos
referral to stroke service

admission to stroke unit
left sided cerebral infarction
right sided cerebral infarction
h/o: stroke in last year
history of stroke in last year

right sided intracerebral haemorrhage,
unspecified

right sided intracerebral haemorrhage,
unspecified

post radiological embolism of upper
limb artery

post-radiological embolism of upper
limb artery

post-radiological embolism of lower
limb artery

post radiological embolism of lower
limb artery

vertebral artery compression syndrome
vertebral artery syndrome

occlusive stroke

cereb autosom dominant arteriop
subcort infarcts leukoenceph

cerebral autosomal dominant
arteriopathy with subcortical infarcts
and leucoencephalopathy

open embolectomy of coeliac artery nec
open embolectomy of visceral branch of
abdominal aorta nec

percutaneous transluminal embolectomy
of artery nec

arterial embolectomy

open embolectomy of superior
mesenteric artery nec

open embolectomy of artery nec

open embolectomy of inferior
mesenteric artery nec

open embolectomy of suprarenal artery
nec

referral to stroke clinic

basal ganglion stroke

basal ganglion infarct

infarction of basal ganglia
stroke/transient ischemic attack
referral

stroke / transient ischemic attack
referral

stroke / transient ischaemic attack
referral

stroke/transient ischaemic attack
monitoring first letter
stroke/transient ischemic attack
monitoring first letter
stroke/transient ischaemic attack
monitoring second letter
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snomedctconcept SnomedCTDescription

medcodeid id Id term

688046100000611 415629007 2534211013 stroke/transient ischemic attack

5 monitoring second letter

2534196010 415631003 2534196010 stroke/transient ischaemic attack
monitoring third letter

688050100000611 415631003 2534195014 stroke/transient ischemic attack

5 monitoring third letter

986831000006115 417059002 2549607012 stroke/transient ischaemic attack
monitoring verbal invitati

690147100000611 417059002 2549606015 stroke/transient ischemic attack

0 monitoring verbal invitation

2548554013 417506008 2548554013 haemorrhagic stroke monitoring

690788100000611 417506008 2548553019 hemorrhagic stroke monitoring

8

218511000000117 432504007 2770034014 infarction - cerebral

395780010 432504007 2770034014 cerebral infarction nos

300941014 432504007 2770034014 [x]other cerebral infarction

391043019 450375008 2915656010 traumatic subarachnoid haemorrhage

391042012 450375008 2915309017 subarachnoid haemorrhage following
injury

737783100000611 450375008 2915309017 traumatic hemorrhage into subarachnoid

7 space of neuraxis

505324014 450418003 2916058017 traumatic cerebral haemorrhage

505322013 450418003 2916363013 cerebral haemorrhage following injury

737844100000611 450418003 2916150010 traumatic cerebral hemorrhage

3

737840100000611 450418003 2915288012 traumatic intracerebral hemorrhage

1

737841100000611 450418003 2915447014 cerebral hemorrhage following injury

4

737842100000611 450418003 2915664016 traumatic intracerebral haemorrhage

8

39701000006110 450418003 2915288012 oth cereb h'ge inj + open intracran
wnd+>24hr loc -restored

39801000006119 450418003 2915288012 oth cerebral h'ge inj + open
intracranial wnd+no loss consc

35791000006117 450418003 2915288012 other cerebral h'ge after injury +
open intracranial wound

39751000006114 450418003 2915288012 oth cereb h'ge inj no open intracran
wnd+concussion unspec

39771000006116 450418003 2915288012 oth cerebral h'ge inj + open intracran
wnd + unspec consc

30981000006112 450418003 2915288012 oth cerebral h'ge inj no open
intracran wnd+unspec consc

39711000006113 450418003 2915288012 oth cereb h'ge inj + open intracran
wnd+concussion unspec

39761000006111 450418003 2915288012 oth cereb h'ge inj no open intracran
wnd+loc unspec duration

39791000006115 450418003 2915288012 oth cerebral h'ge inj + open intracran
wnd+1-24hr loss consc

39831000006110 450418003 2915288012 oth cerebral h'ge inj no open
intracranial wnd+no loss consc

39741000006112 450418003 2915288012 oth cereb h'ge inj no open intracran
wnd+>24hr loc -restored

39731000006119 450418003 2915288012 oth cereb h'ge inj no open intracran
wnd+>24hr loc +recovery

39781000006118 450418003 2915288012 oth cerebral h'ge inj + open intracran
wnd+<lhr loss consc

39811000006116 450418003 2915288012 oth cerebral h'ge inj no open
intracran wnd+<lhr loss consc

320897016 450418003 2916363013 other cerebral haemorrhage following
injury nos

320852013 450418003 2916363013 cerebral haemorrhage following injury
nos

39721000006117 450418003 2915288012 oth cereb h'ge inj + open intracran

wnd+loc unspec duration
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medcodeid
35801000006116

39691000006110

39821000006112

320853015

495394013

snomedctconcept SnomedCTDescription

id
450418003

450418003

450418003

450418003

49422009

329962100000611 49422009
9

Id
2915288012

2915288012

2915288012

2916363013

495394013
82320015

116047100000011 519751000000106 1160471000000111

1

819543100000611 519751000000106 1550221000000113

8

819542100000611 519751000000106 1160481000000113

6
334605100000611 52201006
0

496232015
320735017

52201006
5251007

123351000006119 5251007

123361000006117 5251007

123301000006118 5251007

258345100000611 5251007
1

423221000006117 56267009
696161000006115 56267009
294656010 56267009
341425100000611 56267009
2

341423100000611 56267009
7

341426100000611 56267009
4

497559016 56267009
363791000006112 56267009
399031000006111 56267009

86879010

496232015
496337012

9804011
9804011
9804011
9804011
93568017
93568017
497559016
497560014
497558012
2921000019
497559016

497559016
93568017

127331510000061 583731000000103 1295391000000110

14

884661000006110 583731000000103 884661000006110
884671000006115583761000000108 884671000006115
127331610000061 583761000000108 1295451000000114

127332210000061 584181000000100 1296321000000119

884511000006111 584181000000100 884511000006111

11
10
300290016 62914000
106394016 64009001
106392017 64009001
499739014 64009001

354078100000611 64009001
7

67511000006117 64009001
107332010 64586002
126531000006111 64586002
355051100000611 64586002
5

218541000000116 65198009

104563015

106394016
106392017
499739014
106393010

106394016
107332010
107332010
107333017

108347015

127274310000061 6826210000001051495311000000117

19

term
other cerebral h'ge after injury no
open intracranial wound
oth cereb h'ge inj + open intracran
wnd+>24hr loc + recovery
oth cerebral h'ge inj no open
intracran wnd+1-24hr loc
other cerebral haemorrhage following
injury
cortical haemorrhage
cortical hemorrhage

stroke 6 month review

stroke/cerebrovascular accident 6
month review

cerebrovascular accident (cva) 6 month
review

internal capsule hemorrhage

internal capsule haemorrhage

open traumatic subarachnoid
haemorrhage

subarachnoid h'ge inj + open intracran
wnd+concussion unspec

subarachnoid h'ge inj + open intracran
wound + unspec consc

subarach h'ge inj + open intracran
wnd+loc unspec duration

subarachnoid hemorrhage following
injury with open intracranial wound
[x]predominantly cortical dementia
multi infarct dementia
arteriosclerotic dementia nos

vad - vascular dementia

mid - multi-infarct dementia
multi infarct dementia

arteriosclerotic dementia
[x]arteriosclerotic dementia
[x]multi-infarct dementia

peripheral arterial embolism and
thrombosis nos

peripheral arterial embolism
embolus/thrombus artery nos

arterial embolism and thrombosis nos

transient cerebral ischaemia nos

transient ischaemic attacks

other and unspecified intracranial
haemorrhage

vertebrobasilar insufficiency

basilar artery syndrome

insufficiency - basilar artery
vertebrobasilar arterial insufficiency

vertebro-basilar insufficiency
carotid artery stenosis
stenosis, carotid artery
carotid artery narrowing

thrombosis - arterial
cerebral infarction nos
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snomedctconcept SnomedCTDescription

medcodeid id Id
884501000006113 682621000000105 884501000006113
127276910000061 685631000000102 1501361000000113
17
884531000006117 685631000000102 884531000006117
884521000006115 685631000000102 884521000006115

212618100000011 699270006 2983500010
4
751944100000611 699270006 2983532010
2
1780304018 699270006 2983515011

236331000000111 713771000000100 1565011000000111

118689010 71444005 118689010
366232100000611 71444005 118691019
7
366231100000611 71444005 118690018
3
366233100000611 71444005 1233388010
9

139091000000115 716021000000109 1568581000000116

138981000000113 716331000000108 1568881000000119

139081000000117 716581000000101 1569131000000118

156258100000611 717241000000108 1569781000000115
4

483988011 732923001 3467313018
795127100000611 732923001 3467314012
595128100000611732923001 3467313018
2503835018 734298005 3503835018
300554012 734298005 3503835018
300555013 734299002 3503839012
3503839012 734299002 3503839012
114833100000011 736288002 3517033016
§517034010 736288002 3517034010
502878012 75038005 502878012
371985100000611 75038005 124627016
27198610000061175038005 124628014
27198710000061175038005 124629018
3667741000000117513710000001071667741000000110
2231151000006117513710000001071653121000000119
225470015 75543006 125470015
372845100000611 75543006 125471016
24283100000611675543006 125470015
503469016 7713009 503469016
262264100000611 7713009 13755017
2622631000006117713009 503468012
3622651000006117713009 13756016

9

term
cerebral a. occlusion nos
stroke and cerebrovascular accident
unspecified
stroke
stroke/cva - undefined
stroke annual review

cerebrovascular accident annual review

stroke/cva annual review
stroke/transient ischaemic attack
monitoring administration
cerebral thrombosis

cerebral arterial thrombosis

thrombosis of cerebral arteries
ct - cerebral thrombosis

excepted from stroke quality
indicators: informed dissent
exception reporting: stroke quality
indicators

excepted from stroke quality
indicators: patient unsuitable
stroke/transient ischaemic attack
monitoring telephone invte

bulbar haemorrhage

haemorrhage of medulla oblongata

hemorrhage of medulla oblongata

thromboembolus of internal iliac
artery

embolism and/or thrombosis of the
internal iliac artery

embolism and/or thrombosis of the
external iliac artery
thromboembolus of external iliac
artery

transient ischaemic attack clinical
management plan

transient ischemic attack clinical
management plan

cerebellar haemorrhage

cerebellar hemorrhage

haemorrhagic cerebellum
hemorrhagic cerebellum
[vlpersonal history of transient
ischaemic attack

personal history of transient
ischaemic attack

cerebral embolism

cerebral arterial embolism
cerebral embolus

pontine haemorrhage
intrapontine hemorrhage

intrapontine haemorrhage

pontine hemorrhage
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snomedctconcept SnomedCTDescription

medcodeid id Id
178465100000611 781731000000103 1747751000000110
0
377798100000611 78569004 130373013
9
377802100000611 78569004 1234269010
6
57341000006119 78569004 130374019
377801100000611 78569004 130376017
2
130375018 78569004 130375018

211582100000011 8109910000001092115821000000118
8
211801100000011 812041000000104 2118011000000114
4
212778100000011 816561000000108 2127781000000110
0

100771000006112 86003009 142588012
100691000006118 89980009 1235519010
396258100000611 89980009 149150017

0

905541000006119 905541000006103 905541000006119

907581000006119907581000006103 907581000006119

907591000006116 907591000006100 907591000006116

908801000006114 908801000006105 908801000006114

909171000006115909171000006104 909171000006115

190065100000611 914991000000106 2350961000000113

0

832859100000611 914991000000106 2350991000000119

2

405697100000611 95455008 158110019
8
405698100000611 95455008 158111015
5
1235913017 95455008 1235913017
345650013 95457000 158113017
524541000006117 95457000 158113017
405705100000611 95457000 2966602014
2
405704100000611 95457000 2966556014
0
405703100000611 95457000 158114011
7
158118014 95460007 158118014

243673100000011 955491000000106 2436731000000112

2

term
ref multidisciplinary stroke function
improvement declined
posterior inferior cerebellar artery
syndrome
Ims - lateral medullary syndrome

wallenberg syndrome
inferior cerebellar artery syndrome

lateral medullary syndrome
stroke self-management plan review

stroke self-management plan agreed
stroke initial post discharge review
thrombosis, carotid artery

thrombosis cavernous sinus
thrombosis of cavernous venous sinus

[rfc] arterial embolism of limbs
[rfc] stroke/cva

[rfc] stroke

[rfc] stroke

[rfc] cva

scpe class predom patt c.3 infarct of
middle cerebral artery

scpe (surveillance of cerebral palsy
in europe) predominant pattern
classification c¢.3 - infarct of the
middle cerebral artery

thrombosis of cerebral veins

cerebral venous thrombosis
cerebral vein thrombosis
brainstem infarction nos
brainstem infarction
infarction of brain stem
brain stem stroke

brain stem infarct

cerebellar infarction
old cerebral infarction on imaging
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CHF LVEF Snomed Codelist

snomedctconcept SnomedCTDescription
medcodeid id Id term

18472010 10633002 18472010 acute congestive heart failure
126236110000061 110871100000010 2774561000000111 excepted from heart failure quality
14 8 indicators - service unavailable

126263510000061 111093100000010 2779841000000112 gof (quality and outcomes framework)

11 3 heart failure quality indicator-
related care invitation

206703015 128404006 206703015 right heart failure

216184014 134378009 216184014 congestive heart failure monitoring

216207010 134401001 216207010 left ventricular systolic dysfunction

216246012 134440006 216246012 referral to heart failure clinic

153938100000611 153938100000610 1539381000006117 heart failure lifestyle plan commenced

7 1

153939100000611 153939100000610 1539391000006119 heart failure information starter pack

9 3 provided

153947100000611 153947100000610 1539471000006111 heart failure monitoring - unstable

1 7 symptoms

153948100000611 153948100000610 1539481000006114 heart failure monitoring - specialist

4 5 clinical needs

153949100000611 153949100000610 1539491000006112 heart failure monitoring - social

2 8 issues

153950100000611 153950100000610 1539501000006116 heart failure monitoring -

6 0 psychological issues

153951100000611 153951100000610 1539511000006118 heart failure monitoring - multiple

8 2 readmissions

153952100000611 153952100000610 1539521000006114 heart failure monitoring - co-

4 5 medications

153953100000611 153953100000610 1539531000006112 heart failure monitoring - co-

2 8 morbidities

153954100000611 153954100000610 1539541000006119 heart failure monitoring - palliative

9 3 care

157632100000611 157632100000610 1576321000006113 cause of death- congestive cardiac

3 9 failure

454052100000611 161505003 2986453013 history of heart failure

1

251680018 161505003 251680018 h/o: heart failure

174769100000611 174769100000610 1747691000006119 emergency heart failure admission

9 3 since last appointment

182216100000611 182216100000610 1822161000006116 heart failure pathway protocol not

6 0 followed

182409100000611 182409100000610 1824091000006119 heart failure clinical pathway

9 3 protocol followed

185636100000611 185636100000610 1856361000006116 heart failure monitoring in primary

6 0 care

185637100000611 185637100000610 1856371000006111 heart failure monitoring in secondary

1 7 care

185638100000611 185638100000610 1856381000006114 heart failure monitoring default

4 5

186173100000611 186173100000610 1861731000006114 auras-af - consider the patient to

4 5 have heart failure

301694014 19242006 479262018 pulmonary oedema nos

280534100000611 19242006 32441014 pulmonary edema

9

504901000006118 194767001 299653017 benign hypertensive heart disease with
cct

741701000006114 194779001 299672017 hypertensive hearté&renal dis wth
(congestive) heart failure

789941000006117 194781004 299674016 hyperten hearté&renal
dis+both (congestv)heart and renal fail

300179017 195111005 300179017 decompensated cardiac failure

300180019 195112003 300180019 compensated cardiac failure

300190010 195114002 300190010 acute left ventricular failure

300214014 195130005 300214014 post cardiac operation functional

disturbance
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snomedctconcept SnomedCTDescription

medcodeid id
300217019 195130005

199165100000611 199165100000610 1991651000006115

5 4

Id
300214014

303361000000111 200171000000102 303361000000111

303861000000118 200361000000106 303861000000118

308261000000111 202231000000106 308261000000111
311561000000117 203791000000106 311561000000117

316833010
350484012

206586007
233924009

404741000000119247361000000100
407181000000116 248571000000104

529272100000611 250908004
3

374013010 250908004
403107019 269299003
300884014 274096000

556007100000611 274096000
7

884181000006110 274096000
412678013 276514007
558637100000611 276514007
9

538601000006110 302213007
590427100000611 302213007
0

590425100000611 302213007

316833010
350484012

404741000000119
407181000000116
1224530010

374013010
403107019

409855012
409855012
884181000006110
412678013
412677015

443790017
2646841017

2642659018

7
451426015
453099015

308118002
309634009

599097100000611 309634009

3
6978012
490972013

3545003
367363000

181610100000611 367363000

3
1484917012
1484918019
1488804017
1489358014
301741013

390884006
390885007
395105005
395704004
40541001

315273100000611 40541001

3
1490256017

40541001

315270100000611 40541001

7

315269100000611 40541001

7

315271100000611 40541001

9
1216090015

40541001

315272100000611 40541001

0
301743011
2159197017
2159198010

2533628012

40541001
407596008

407597004

414586001

451426015
453099015
2986867013

6978012
490972013
490972013

1484917012
1484918019
1488804017
1489358014
492666016

1490485013

492666016
67601010

67598017

492667013

67598017
1490256017

492666016
2159197017

2159198010

2533628012

term
post cardiac operation heart failure
nos
severe left ventricular systolic
dysfunction
referred by heart failure nurse
specialist
did not attend practice nurse heart
failure clinic
heart failure review completed
referred to heart failure education
group
congenital cardiac failure
heart failure as a complication of
care
heart failure 6 month review
did not attend heart failure clinic
lvef - left ventricular ejection
fraction
left ventricular ejection fraction
cardiac insufficiency as a
complication of care
[x]other specified pulmonary heart
diseases
pulmonary heart disease

pulmonary heart disease

neonatal cardiac failure

cardiac failure developing in the
perinatal period
carotico-cavernous sinus fistula
ccf - carotid cavernous fistula

carotid cavernous fistula

cardiac failure therapy
h/o: heart failure in last year
history of heart failure in last year

diastolic dysfunction
right ventricular failure
right ventricular failure

heart failure follow-up

heart failure annual review

heart failure confirmed

left ventricular diastolic dysfunction
acute pulmonary oedema unspecified
pulmonary edema - acute

pulmonary oedema - acute
acute edema of lung

acute pulmonary edema
acute oedema of lung

acute oedema of lung, unspecified
pulmonary oedema - acute

acute pulmonary oedema nos
echocardiogram shows left ventricular
systolic dysfunction

echocardiogram shows left ventricular
diastolic dysfunction

left ventricular dysfunction
monitoring first letter
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medcodeid

2533629016

2533630014

2548656015
2549089012

2549128016

snomedctconcept SnomedCTDescription

id
414588000

414589008

416158002
416573008

416610007

689565100000611 416683003

3
2549208013

416683003

124900610000061 416683003

18

2549243014
2549697018
2548316014
2616470012

2616472016

2616471011

2616473014

416717003
417146007
417359009
420300004
420913000
421704003

422293003

318254100000611 42343007

7

318253100000611 42343007

0

318255100000611 42343007

5
493287011

42343007

318256100000611 42343007

8

70653017
2645623019
2675255018

2694523019
72934016

42343007
423475008
426611007

429589006
43736008

164770100000011 446221000

8

732112100000611 446221000

9

166137100000011 446221000

2

222750100000011 446221000

0

325734100000611 46847001

6
494669012
82584011
94251011
305601017

46847001
49584005
56675007
609507007

749932100000611 609507007

7

884201000006111 639401000000103
127264510000061 639401000000103

11

741681000006111 64715009

111625010
299848013

67189007
67189007

758634100000611 704095000

4

Id
2533629016

2533630014

2548656015
2549089012

2549128016

6895651000006113

3082850014
2549208013

2549243014
2549697018
2548316014
2616470012
2616472016
2616471011
2616473014
493287011
70654011

493288018

70653017
493289014

70653017
2645623019
2675255018
2694523019
72934016
2883808011
3496968011
1713091000000115
2227501000000110
78084015
494669012
82584011
94251011
2966901017
2966901017

884201000006111
1408271000000114

107545013
111625010

111625010
3012159015

term
left ventricular dysfunction
monitoring second letter
left ventricular dysfunction
monitoring third letter
right ventricular systolic dysfunction
left ventricular dysfunction
monitoring verbal invite
right ventricular diastolic
dysfunction
emergency hospital admission for heart
failure
admit heart failure emergency
admit heart failure emergency

seen in heart failure clinic
referral to heart failure nurse
seen by community heart failure nurse
new york heart association
classification - class i

new york heart association
classification - class iii

new york heart association
classification - class ii

new york heart association
classification - class iv
congestive cardiac failure

congestive heart disease
ccf - congestive cardiac failure

congestive cardiac failure
chf - congestive heart failure

congestive heart failure

heart failure education

congestive heart failure due to
valvular disease

left ventricular cardiac dysfunction
rheumatic left ventricular failure
heart failure with normal ejection
fraction

heart failure with preserved ejection
fraction

hfnef - heart failure with normal
ejection fraction

heart failure with preserved ejection
fraction

chronic pulmonary edema

chronic pulmonary oedema

acute cor pulmonale

acute heart failure

cardiac failure following abortive
pregnancy

induced termination of pregnancy
complicated by cardiac failure
pulmonary heart disease nos

other chronic pulmonary heart disease

hypertensive heart disease nos with
cct

acute pulmonary heart disease

acute pulmonary heart disease nos
referral to heart failure exercise
program
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snomedctconcept SnomedCTDescription

medcodeid id Id term

308041000000118 704095000 3011242019 referral to heart failure exercise
programme

173416100000011 704096004 3011612011 referral to heart failure exercise
9 programme not indicated
758636100000611 704096004 3011502011 referral to heart failure exercise
3 program not indicated
173408100000011 704097008 3011446018 referral to heart failure exercise
2 programme declined
758638100000611 704097008 3010562018 referral to heart failure exercise
5 program declined

226181000000110 713781000000103 1565021000000117 left ventricular dysfunction
monitoring administration

heart failure monitoring
administration

exception reporting: heart failure
quality indicators

left ventricular dysfunction
monitoring telephone invite

heart failure monitoring third letter
heart failure monitoring first letter

308231000000118 713791000000101 1565031000000115
407441000000115715951000000107 1568511000000111
407001000000113 716411000000109 1568961000000117

407101000000114 716621000000101 1569171000000116
407061000000112 716971000000109 1569521000000114
407081000000115717191000000108 1569731000000119 heart failure monitoring second letter
156194100000611 717481000000104 1570021000000117 excepted heart failure quality

9 indicators: patient unsuitabl
156195100000611 717491000000102 1570031000000115 excepted heart failure quality

7 indicators: informed dissent
407041000000111 717501000000108 1570041000000112 heart failure monitoring verbal invite
406801000000118 717531000000102 1570071000000118 heart failure monitoring telephone

invite
119984210000061 762994006 3637505016 nyha (new york heart association)
19 classification class

833381000006119 762994006 3637504017 new york heart assoc classification

heart failure symptoms

169391100000011 763641000000102 1693911000000115 referral to heart failure education

5 group declined

170362100000011 764851000000102 1703621000000112 worsening pulmonary oedema

2

174617100000011 781051000000108 1746171000000119 has heart failure management plan

9

178406100000611 789621000000105 1765351000000114 preferred place of care for next

8 exacerbation heart failure

132655012 79955004 132655012 chronic cor pulmonale

380029100000611 79955004 1234420011 cor - chronic cor pulmonale

5

884211000006114 79955004 884211000006114 other pulmonary heart disease

211578100000011 8109710000001052115781000000114 heart failure self-management plan

4 review

211793100000011 812001000000102 2117931000000116 heart failure self-management plan

6 agreed

212219100000011 813991000000101 2122191000000110 education about deteriorating heart

0 failure

385250100000611 83105008 137848017 malignant hypertensive heart disease

5 with congestive heart failure

728671000006119 83105008 1236017010 malignant hypertensive heart disease
with ccf

139482012 84114007 139482012 cardiac failure

139475013 84114007 139475013 heart failure

395772015 84114007 139475013 heart failure nos

386831100000611 84114007 139480016 myocardial failure

7

386832100000611 84114007 139481017 weak heart

3

386834100000611 84114007 1234906013 hf - heart failure

8

223981000000118 84114007 139482012 cardiac failure nos

386835100000611 84114007 2969213019 cardiac insufficiency

6
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snomedctconcept SnomedCTDescription

medcodeid id Id term
139481017 84114007 139475013 weak heart
220595100000011 851521000000102 2205951000000117 heart failure clinical pathway
7
141306010 85232009 141306010 left ventricular failure
388606100000611 85232009 201199018 left-sided heart failure
9
388607100000611 85232009 1235017018 lvf - left ventricular failure
4
388604100000611 85232009 141303019 left heart failure
8
308301000000118 872361000000105 2253411000000117 heart failure care plan discussed with
patient
225681100000011 873881000000100 2256811000000114 referral to rapid access heart failure
4 clinic
299851018 87837008 145620019 other chronic pulmonary heart disease
299853015 87837008 145620019 other chronic pulmonary heart disease
nos
395756011 87837008 145620019 chronic pulmonary heart disease nos
884191000006113 87837008 884191000006113 chronic pulmonary heart dis.
145620019 87837008 145620019 chronic pulmonary heart disease
392752100000611 87837008 145622010 chronic cardiopulmonary disease
8
147247018 88805009 147247018 chronic congestive heart failure
905391000006119 905391000006103 905391000006119 [rfc] cardiac failure
235239100000011 915571000000102 2352391000000117 on optimal heart failure therapy
7
400530100000611 92506005 510016018 biventricular failure
0
510016018 92506005 153058012 biventricular failure

939571000006115 939571000006104 939571000006115
240587100000011 939881000000105 2405871000000117

7

308011000000119 961881000000101 2451451000000116

Stroke/TIA/SE HES

diastolic dysfunction

heart failure rehabilitation programme
not available

heart failure information given to
patient

ICD-10 Code term type

H34.1 central retina artery occlusion stroke

I63 cerebral infarction stroke

Io4 stroke, not specified as hemorrhage or infarction stroke

1ol intrecerebral hemorrhage stroke

160 subarachnoid hemorrhage stroke

162 other and unspecified nontraumatic intracranial hemorrhage stroke

G45 transient cerebral ischemia attacks and related syndromes TIA

174 arterial embolism and thrombosis SE

I65 occlusion and stenosis of precerebral arteries, not resulting in cerebral
infarction SE

166 occlusion and stenosis of cerebral arteries, not resulting in cerebral
infarction SE

124.0 Acute coronary thrombosis not resulting in myocardial infarction SE
Stroke Embolism HES

ICD-10 Code term

I63 cerebral infarction

164 stroke, not specified as hemorrhage or infarction

1ol intrecerebral hemorrhage

160 subarachnoid hemorrhage

162 other and unspecified nontraumatic intracranial hemorrhage

174 arterial embolism and thrombosis
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Major Bleed HES

ICD-10 Code term category

I60 Subarachnoid Intracranial

Iol intracerebral Intracranial

162.0 subdural Intracranial

I62.1 nontraumatic extradural Intracranial

162.9 intracranial, nontraumatic, unspecified Intracranial

S06.6 Traumatic subarachnoid hemorrhage, Intracranial

S06.5 Traumatic subdural hemorrhage, Intracranial

S06.4 Epidural hemorrhage Intracranial

506.36 Traumatic hemorrhage of cerebrum, unspecified Intracranial

S06.34 Traumatic hemorrhage of right cerebrum Intracranial

S506.35 Traumatic hemorrhage of left cerebrum Intracranial

506.36 Traumatic hemorrhage of cerebrum, unspecified Intracranial

S06.37 Contusion, laceration, and hemorrhage of cerebellum Intracranial

S06.38 Contusion, laceration, and hemorrhage of brainstem Intracranial

K92.0 haematemesis Gastrointestinal

K92.1 melaena Gastrointestinal

I185.0 oesophageal varices with bleeding Gastrointestinal

I85.11 Secondary esophageal varices with bleeding Gastrointestinal

K22.8 Other specified diseases of esophagus (approx. synonym esophageal bleeding) Gastrointest

K22.11 Ulcer of esophagus with bleeding Gastrointestinal

K22.6 Gastro-esophageal laceration-hemorrhage syndrome Gastrointestinal

K31.811 Angiodysplasia of stomach and duodenum with bleeding
Gastrointestinal

K29.21 Alcoholic gastritis with bleeding Gastrointestinal

K29.31 Chronic superficial gastritis with bleeding Gastrointestinal

K29.41 Chronic atrophic gastritis with bleeding Gastrointestinal

K29.51 Unspecified chronic gastritis with bleeding Gastrointestinal

K29.61 Other gastritis with bleeding Gastrointestinal

K29.71 Gastritis, unspecified, with bleeding Gastrointestinal

K29.81 Duodenitis with bleeding Gastrointestinal

K29.91 Gastroduodenitis, unspecified, with bleeding Gastrointestinal

198.20 oesophageal varices in diseases classified elsewhere with bleeding
Gastrointestinal

198.3 Oesophageal varices with bleeding in disease classified elsewhere
Gastrointestinal

K22.10 Ulcer of oesophagus, acute with bleeding Gastrointestinal

K22.12 Ulcer of oesophagus, acute with both bleeding and perforation
Gastrointestinal

K22.14 Ulcer of oesophagus, chronic or unspecified with bleeding
Gastrointestinal

K22.16 Ulcer of oesophagus, chronic or unspecified with both bleedingand

perforation Gastrointestinal

K25.0 Gastric ulcer, acute with bleeding Gastrointestinal

K25.2 Gastric ulcer, acute with both bleeding and perforation
Gastrointestinal

K25.4 Gastric ulcer, chronic or unspecified with bleeding
Gastrointestinal

K25.6 Gastric ulcer, chronic or unspecified with both bleeding and perforation Gastrointest

K26.0 Duodenal ulcer, acute with bleeding Gastrointestinal

K26.2 Duodenal ulcer, acute with both bleeding and perforation
Gastrointestinal

K26.4 Duodenal ulcer, chronic or unspecified with bleeding
Gastrointestinal

K26.6 Duodenal ulcer, chronic or unspecified with both bleedingand perforation Gastrointest

K27.0 Peptic ulcer, acute with bleeding Gastrointestinal

K27.2 Peptic ulcer, acute with both bleeding and perforation
Gastrointestinal

K27.4 Peptic ulcer, chronic or unspecified with bleeding Gastrointestinal

K27.6 Peptic ulcer, chronic or unspecified with both bleeding and perforation Gastrointest

K28.0 Gastrojejunal ulcer, acute with bleeding Gastrointestinal

K28.2 Gastrojejunal ulcer, acute with both bleeding and perforation
Gastrointestinal

K28.4 Gastrojejunal ulcer, chronic or unspecified with bleeding
Gastrointestinal
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K28.6

Gastrojejunal ulcer,

chronic or unspecified with both bleeding and

perforation Gastrointestinal
K29.0 Acute bleeding gastritis Gastrointestinal
K63.80 Angiodysplasia of small intestine, except duodenum with bleeding
Gastrointestinal
K31.80 Angiodysplasia of stomach and duodenum with bleeding
Gastrointestinal
K55.21 Angiodysplasia of colon with bleeding Gastrointestinal
K62.5 bleeding of anus and rectum Gastrointestinal
K92.2 Gastrointestinal bleeding, unspecified Gastrointestinal
K57.11 Diverticulosis of small intestine without perforation or abscess with
bleeding Gastrointestinal
K57.13 Diverticulitis of small intestine without perforation or abscess with
bleeding Gastrointestinal
K57.31 Diverticulosis of large intestine without perforation or abscess with
bleeding Gastrointestinal
K57.33 Diverticulitis of large intestine without perforation or abscess with

bleeding Gastrointestinal

N02.0 Recurrent and persistent haematuria, minor glomerular abnormality Other
N02.1 Recurrent and persistent haematuria, focal and segmental glomerular lesions
N02.2 Recurrent and persistent haematuria, diffuse membranous glomerulonephritis
N02.3 Recurrent and persistent haematuria, diffuse mesangial proliferative
glomerulonephritis Other

N02.4 Recurrent and persistent haematuria, diffuse endocapillary proliferative
glomerulonephritis Other

N02.5 Recurrent and persistent haematuria, diffuse mesangiocapillary
glomerulonephritis Other

NO02.6 Recurrent and persistent haematuria, dense deposit disease Other

N02.7 Recurrent and persistent haematuria, diffuse crescentic glomerulonephritis
N02.8 Recurrent and persistent haematuria, other Other

N02.9 Recurrent and persistent haematuria, unspecified Other

R31.0 Gross hematuria Other

R31.1 Microscopic hematuria Other

R31.8 Other and unspecified hematuria Other

K66.1 Haemoperitoneum Other

N93.8 Other specified abnormal uterine and vaginal bleeding Other

N93.9 Abnormal uterine and vaginal bleeding, unspecified Other

N95.0 Postmenopausal bleeding Other

RO4.1 bleeding from throat Other

R0O4.2 Haemoptysis Other

R04.8 bleeding from other sites in respiratory passages Other

R04.9 bleeding from respiratory passages, unspecified Other

R58 bleeding, not elsewhere classified Other

D68.3 Haemorrhagic disorder due to circulating anticoagulants Other

H35.6 Retinal bleeding Other

H43.1 Vitreous bleeding Other

H45.0 Vitreous bleeding in diseases classified elsewhere Other

H31.3 Choroidal hemorrhage and rupture Other

H21.0 Hyphema Other

H47.02 Hemorrhage in optic nerve sheath Other

M25.0 Haemarthrosis Other

H44.81 Hemophthalmos Other

D62 Acute posthemorrhagic anemia Other

I31.2 Hemopericardium Other

Jo%4.2 Hemothorax Other

CHF LVEF HES

ICD-10 Code term

I50 Heart failure

I50.1 Left ventricular failure, unspecified

150.2 Systolic (congestive) heart failure

I50.20 Unspecified systolic (congestive) heart failure

I50.21 Acute systolic (congestive) heart failure

I50.22 Chronic systolic (congestive) heart failure

I50.23 Acute on chronic systolic (congestive) heart failure
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150.3 Diastolic (congestive) heart failure

I50.30 Unspecified diastolic (congestive) heart failure

I50.31 Acute diastolic (congestive) heart failure

I50.32 Chronic diastolic (congestive) heart failure

I50.33 Acute on chronic diastolic (congestive) heart failure

150.4 Combined systolic (congestive) and diastolic (congestive) heart failure
I50.40 Unspecified combined systolic (congestive) and diastolic (congestive) heart
failure

I50.41 Acute combined systolic (congestive) and diastolic (congestive) heart
failure

I50.42 Chronic combined systolic (congestive) and diastolic (congestive) heart
failure

I50.43 Acute on chronic combined systolic (congestive) and diastolic (congestive)
heart failure

I50.8 Other heart failure

I50.81 Right heart failure

I50.810 &a€!a€| unspecified

I50.811 Acute right heart failure

I50.812 Chronic right heart failure

I50.813 Acute on chronic right heart failure

I50.814 &a€ia€| due to left heart failure

I50.82 Biventricular heart failure

I50.83 High output heart failure

I50.84 End stage heart failure

I50.89 Other heart failure

I150.9 Heart failure, unspecified

I11.0 Hypertensive heart disease with heart failure

I13.0 Hypertensive heart and chronic kidney disease with heart failure and stage
1 through stage 4 chronic kidney disease, or unspecified chronic kidney disease
I13.2 Hypertensive heart and chronic kidney disease with heart failure and with

stage 5 chronic kidney disease, or end stage renal disease
I97.13 Postprocedural heart failure
I109.81 Rheumatic heart failure
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A2.3 Additional information on methods
A2.3.1 Algorithms

A2.3.1.1 Classification of ethnicity

Ethnicity was self-reported and recorded in CPRD Aurum alone for some patients, in HES alone for other
patients, and in both data sources for some patients. Ethnicity was recorded at a country level (such as ‘Polish’
or ‘Somalian’ ) for some patients and for other patients only broader categories such as ‘Asian’ or ‘Black’ were

recorded. To classify patients in consistent categories for ethnicity, a 2-step system was used:

Step 1: Map ethnicity recorded to the pre-specified categories: White, Black, South Asian, East Asian,
Mixed, Other, Unknown

Step 2: Derive ethnicity for each patient by checking both CPRD Aurum and HES and using the

following rules to assign ethnicity

For both CPRD Aurum and HES ethnicity:
IF only 1 ethnicity recorded or multiple records all recording the same ethnicity THEN ethnicity = this recorded
ethnicity

IF multiple different ethnicities recorded THEN DO
Compare frequency of ethnicity recorded and select category with the highest count
IF multiple ethnicities with equivalent highest count THEN DO
IF different categories are specified categories THEN select most recently recorded
IF equal counts of 'Other' and a specified ethnicity THEN use the specified ethnicity
IF equal counts of 2 different ethnicities and both recorded on same day (last recorded) then assign ethnicity as
'Mixed'
HES only has 1 record of ethnicity for each patient.

To combine the CPRD Aurum and HES recorded ethnicities the following algorithm was used:
IF only 1 of (CPRD Aurum, HES) ethnicity recorded then use this.
IF both (CPRD Aurum, HES) ethnicity recorded then select CPRD Aurum ethnicity.

A2.3.1.2 Classification of smoking status

Smoking status was recorded in CPRD Aurum in multiple ways and at multiple timepoints. For example, a GP
or nurse may record a patient as being a ‘non-smoker’ or ‘smoker’ or may record number of cigarettes

consumed per day.

A patient may change smoking status over time meaning looking at data on smoking status over time provides a

more accurate picture.

Patients were classified as being 1 of: non-smoker, ex-smoker, or current smoker at their index date.
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Smoking records were first mapped to the categories of non-smoker/ex-smoker/current smoker.

Where a patient had only 1 smoking category or all categories the same prior to index date then this category
was used as their smoking status.
Where a patient had multiple differing smoking categories prior to index date the following algorithm was

followed to assign smoking status:

IF only 1 smoking record prior to index date THEN status = smoking record category
IF multiple smoking records prior to index date all of identical category THEN status = smoking records
category
IF multiple smoking records prior to index date of different categories THEN DO

IF most recent record current-smoker THEN status = current-smoker

IF most recent record ex-smoker THEN status = ex-smoker

IF most recent record non-smoker and have earlier records of current or ex-smoker

THEN status = ex-smoker

END

If a patient had multiple conflicting smoking records on the same day, then the worst option was used in

derivation ie current-smoker selected over ex-smoker or non-smoker and ex-smoker selected over non-smoker.

A2.3.1.3 Classification of alcohol consumption

Alcohol status is frequently recorded by GPs most commonly following the GP asking a patient the number of

units of alcohol they drink in an average week. A patient’s alcohol consumption may be recorded in a

descriptive way such as ‘tee-total’ or ‘heavy drinker’ or may be inferred by codes used to record referral of a

patient to alcohol reduction advice or services. Patient data on alcohol consumption was used to classify patients

in the following way:

- Non-drinker (tee total)
- Light drinker (1 to 14 units consumed in an average week)
- Moderate drinker (15 to 42 units consumed in an average week)

- Heavy drinker (>42 units consumed in an average week)

The last record on alcohol consumption recorded prior to index date was used to classify patients. Where
patients had conflicting data recorded on alcohol consumption on the same day the heaviest consumption

classification was selected.
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A2.3.2 Additional information on selection of subset matching ARISTOTLE
A2.3.2.1 Additional information on stroke risk score in ARISTOTLE

The CHADS: score was the dominant stroke risk score used for patients with AF at the time ARISTOTLE was
conducted. This score was superseded by the CHA2DS2-VASc score proposed by Lip et al (157), which was
found to more accurately predict stroke risk. The additional stroke risk factors from the CHA>DS>-VASc score,
namely vascular disease defined by peripheral artery disease, MI, or aortic plaque, were therefore included in
the propensity score model. CHADS: is derived by assigning points for different stroke risk factors and taking
the sum to obtain a total score (Table A2.3.2.1.1).

Table A2.3.2.1.1 Derivation of CHADS; Score

CHADS: Stroke Risk Factor Points

Congestive Heart Failure (C)*

Hypertension (H)

Age (A) 75 years or older

|t |t |

Diabetes (D)

Stroke (S) any history of stroke or TIA® 2

2 original definition only included congestive heart failure diagnosis and excluded reduced left ventricle ejection
fraction
® original definition excluded systemic embolism

The total CHADS: score can therefore range from 0 to a maximum of 6 with each score corresponding to
different possible combinations of risk factors as detailed in Table A2.3.2.1.2. Given the publications of
ARISTOTLE summarised the proportion of participants with each CHADS: score, with each stroke risk factor,
in different age categories, male and female, and CHADS: and stroke risk factor proportions by sex, this
information could be combined to construct simultaneous equations that described the different combinations of

patient characteristics.

Table A2.3.2.1.2 Stroke Risk Factor Combinations for Each CHADS; Score and
Expected Stroke Rate

CHADS: Adjusted Stroke Rate %
Score Stroke Risk Factor Combinations (95% CD?*

0 reduced LVEF; history of SE 1.9 (1.2-3.0)

1 C;H; A; D 2.8 (2.0-3.8)

2 CH; CA; CD; HA; HD; AD; S 4.0 3.1-5.1)

3 CHA; CHD; CAD; CS; HAD; HS; AS; DS 5.9 (4.6-7.3)

4 CHAD; CHS; CAS; CDS; HAS; HDS; ADS 8.5(6.3-11.1)

5 CHAS; CHDS; CADS; HADS 12.5 (8.2-17.5)

6 CHADS 18.2 (10.5-27.4)

LVEEF = left ventricle ejection fraction; SE = systemic embolism; C = congestive heart failure;

H = hypertension; A = age 75 or older; D = diabetes; S = history of stroke or TIA

* Adjusted stroke rate is expected stroke rate per 100-patients years taken from ‘Validation of Clinical
Classification Schemes for Predicting Stroke Results From the National Registry of Atrial Fibrillation’ Gage BF
et al(61)
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A2.3.2.2 Derivation of simultaneous equations describing combinations of
characteristics

From the trial publication presented in “Table 1 Baseline Characteristics of the Patients” the combinations of
characteristics for sex, prior VKA experience, and number of participants with each stroke risk factor in the
apixaban arm were extracted:
3234 women + 5886 men = 9120
5208 VKAexp + 3912 VKAnaive = 9120
6270 age<7s+ 2850 age-7s=9120

Congestive heart failure = C = 2784
Hypertension = H = 7962
Age > 75 years = A = 2850
Diabetes =D = 2284
History of stroke or TIA = S approx. 1650
The FDA clinical review of the NDA for apixaban [N Beasley and M Rose, Table 30 (131)] gave the
distribution of each CHADS: score (whereas ARISTOTLE publication grouped CHADS: 3 or greater together)

and age groups in the apixaban arm. Combining these numbers and considering the combinations of stroke risk

factors provided initial numbers that could guide potential solutions illustrated in Table A2.3.2.2.1.

Table A2.3.2.2.1 CHADS: Score by Age-group

Age <75 Age =75 Total
CHADS: No of No of No of
Score (N=6270) groups | (N=2850) groups | groups
0 (N=54) reduced LVEF and /or 1 N/A 0 1
history of SE
1 (N=3046) C;H; D 3 A 1 4
2 (N=3262) CH; CD; HD; S 4 CA; HA; AD 3 7
3 (N=1681) CHD; CS; HS; DS 4 CHA; CAD; HAD; AS 4 8
4 (N=767) CHS; CDS; HDS 3 CHAD; CAS; HAS; ADS 4 7
5 (N=273) CHDS 1 CHAS; CADS; HADS 3 4
6 (N=37) N/A 0 CHADS 1 1
Total 16 16 32

LVEEF = left ventricle ejection fraction; SE = systemic embolism; N/A = not applicable;

C = congestive heart failure; H = hypertension; A = age 75 or older; D = diabetes; S = history of stroke or TIA;
Combinations of letters represents combinations of risk factors for example HS represents a person with
hypertension AND prior stroke.

Target numbers (N=XX) derived from tabulations of baseline characteristics of ARISTOTLE participants.

Referring to Table A2.3.2.2.1 we see equations can be derived relating the number in each CHADS: score group

to the corresponding combinations of CHADS: stroke risk factors that could make up such a group. If we let x;;

denote the number of participants with CHADS: score i and stroke risk factor combination j then we have
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54 cho = xo.1. (reduced left ventricular ejection fraction [LVEF] and/or SE)

3046 ch1=x11C +x12H +x13D + x14 A

3262 cha=x21CH + x22CD + x23HD + x24 S + x25 CA + x26 HA + x27AD

1681 chs =x31 CHD + x32CS + x33HS + x34DS + x35 CHA + x36 CAD
+ x37HAD + x38ADS

767 cha=x41 CHS + x42 CDS + x43 HDS + x44 CHAD + x45 CAS + x46 HAS
+ x47ADS

273 chs =x51 CHDS + x52 CHAS + x53 CADS + x54 HADS

37 che =x61 CHADS

These 7 equations (for cho through to chs) are complimented by an additional 5 equations relating the total
number of participants with each CHADS: risk factor with the combinations that contribute to them; writing
these out more clearly by omitting the labels for the subgroups and substituting the value for x5 into the

equations we obtain:

2747 = x11+Xx21 +x22 +Xx25 + X371 +Xx32+ X35+ X356
+X41 tX42 + X4 T X45 T X510 T X52F X5,3
7925 = x12+Xx21 +Xx23 T X26 + X371+ X33+ X35+ X37
+ X417 tX43 T X4 T X46 T X510 T X52F X54
7925 = x12+Xx21 +Xx23 T X26 + X371+ X33+ X35+ X37
+X41 tX43 + X4 T X46 T X510 T X52F X54
2813 = x14+x25 +Xx26 T X27 + X35+ X36 +X37+ X3.8
+X44 T X45 T X6 T X47 T X52 T X531 X54
2247 = x13 +x22 tX23 +X27 T X310+ X34 F X367 X37 T X38
+X42 Tt X43 + X4 T X47 T X571 T X531 X54
1650 = x24+x32 +x33 + X34 tX38+F X471 +X42F X403 +X45

+Xx46 tXx47 +x51 +X52+ X517+ X537+ X54

We now have 5 equations to solve linking the number of participants in the different CHADS: score groups (for
chi through to chs) to the possible combination subgroups (xi;) making up these groups along with the 5

equations relating the number with each CHADS: stroke risk factor to these same subgroups.

With 30 unknown numbers (x7,; to xs,4) but only 10 equations it is not possible to solve these simultaneous
equations analytically. Numerical optimisation can be used instead in which “plausible’ initial starting values for
the x;; are selected, with the values for the x;; repeatedly adjusted until a solution is found. We are further
limited by the numbers available in the CPRD Aurum apixaban trial-eligible cohort — that is there exists an
upper bound to the values of the x;; based on the number of participants in this subgroup in the data. For
example, for x4 (the number of patients with CHADS: score 4 having the risk factor combination CDS [CHF,
diabetes, and prior Stroke or TIA]) there are only 27 patients in CPRD Aurum apixaban trial-eligible cohort
with this combination of risk factors meaning our solution for x4 is restricted to the integer range {0, 27}.

Adding these restrictions aided discovery of potential solutions for the values of x;; available within the CPRD
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Aurum apixaban trial-eligible cohort, a potential solution for the x;; values which was found via numerical

optimisation is given in the Appendix.

Having found potential solutions considering only the CHADS: scores and combinations of risk factors, the next
step was to consider additional important variables — namely sex, prior VKA exposure status, and a more refined
breakdown of age. The distribution of stroke risk factors and age in the ARISTOTLE trial participants differed
between men and women (133)with women older than men on average (median age 72 vs. 69) and a higher
proportion of women having CHADS: score >3 (34.1% vs. 28.1% for men). This information was used to create

separate equations for women and men.

A publication on ARISTOTLE results according to age gave the proportion of trial participants aged 75-80, 80-
90, and 90+ (134). Given that age is an important predictor of stroke risk, bleeding risk, and mortality, it was
decided to match the trial closely on age by splitting the age group into smaller categories. Combining all factors

gave the following combinations to consider in creating subgroups:

- CHADS: score

- combination of stroke risk factors [C H A D S]

- age group [<65, >65 to <75, =75 to <80, >80 to <90, >90 years]
- sex

- prior VKA exposure

Multiplying the 32 possible combinations presented in Table A2.3.2.2.1 with these additional variables gave a
total of 512 possible subgroups with a potential solution shown in Table A2.3.2.2.2.

SAS proc surveyselect was used to select a random sample from each subgroup with the size of the samples
equalling the numbers found in the chosen solution. Specification of a different seed number within proc
surveyselect would generate a different selection thus there are 2 potential sources of variation with this method:
i) the solution used to satisfy the equations (many potential solutions to the simultaneous equations) and ii) the

random sample selected for a given solution.
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Table A2.3.2.2.2 Example solution for subgroup sampling

Women Men Total ARISTOTLE
Subgroup Stroke Risk CPRD Aurum example soln CPRD Aurum example soln soln Apixaban
Factors (vkal/vkal) n (vka0/vkal) (vkal/vkal) n (vka0/vkal) n (vka0/vkal) (N =9120)
cho_agel LVEF and/or SE | 8/2 7/2 31/10 13/8 20/10
cho_age2 LVEF and/or SE | 8/5 7/3 23/19 1/13 8/16
Total chy 19 (14/5) 35 (14/21) 54 (28/26) 54
ch;_agel C 40/24 22/19 172/77 81/67 189 (103/86)
ch;_agel H 401/76 236/74 796/245 774/221 1305 (1010/295)
ch;_agel D 74/14 1/7 169/32 1/4 13 (2/11)
ch;_age2 C 83/41 5/34 161/96 49/77 165 (54/111)
ch;_age2 H 1266/319 224/274 1664/487 350/467 1315 (574/741)
ch;_age2 D 80/21 0/1 202/53 0/2 3(0/3)
Total ch; young 897 (488/409) 2093 (1255/838) | 2990 (1743/1247)
ch;_old0 A 400/130 10/16 423/147 3/9 38 (13/25)
ch;_oldl A 587/174 5/4 552/194 0/3 12 (5/7)
ch;_old2 A 92/20 0/0 73/23 0/0 0 (0/0)
Total ch; old 15/20 15 (3/12) 50 (18/32)
Total ch; 932 (503/429) 2108 (1258/850) | 3040 (1761/1279) 3046
chy_agel _RF3 CH 46/21 43/17 135/68 127/66 253 (170/83)
chy_agel_RF2 CD 6/2 12 30/20 9/19 31(10/21)
chy_agel RF4 HD 104/23 103/23 282/95 203/93 422 (306/116)
chy_agel_RF1 S 66/19 6/16 151/49 48/45 115 (54/61)
ch,_age2 RF3 CH 143/71 138/63 214/175 161/156 518 (299/219)
chy_age2 RF2 CD 18/12 3/3 37/39 3/28 37 (6/31)
chy_age2 RF4 HD 337/109 139/102 653/220 207/210 658 (346/312)
chy_age2 RF1 S 122/48 2/18 213/87 42/83 145 (44/101)
Total ch; young 679 (435/244) 1500 (800/700) 2179 (1235/944)
chz_old0 AC 61/47 18/24 74/60 7/43 92 (25/67)
chy_oldl AC 134/90 2/10 120/125 0/11 23 (2/21)
chy_old2 AC 34/30 0/0 36/20 0/1 1 (0/1)
chz_old0 AH 872/277 102/168 845/308 46/238 554 (148/406)
chy_oldl AH 1636/564 44/98 1034/417 37/174 353 (81/272)
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Women Men Total ARISTOTLE
Subgroup Stroke Risk CPRD Aurum example soln CPRD Aurum example soln soln Apixaban
Factors (vkal/vkal) n (vka0/vkal) (vkal/vkal) n (vka0/vkal) n (vka0/vkal) (N =9120)
chy_old2 AH 315/120 1/1 133/56 1/2 5(2/3)
chz_old0 AD 61/22 4/6 84/44 2/7 19 (6/13)
chy_old1 AD 81/33 1/3 84/55 0/1 5 (1/4)
chy_old2 AD 11/4 0/0 18/7 0/0 0 (0/0)
Total ch; old 482 (172/310) 570 (93/477) 1052 (265/787)
Total ch, 1161 (607/554) 2070 (893/1177) | 3231 (1500/1731) 3262
ch;_agel RF1 CHD 7/6 2/5 11/12 10/12 29 (12/17)
ch;_agel RF2 CS 9/6 0/1 23/6 3/5 9 (3/6)
ch;_agel RF3 HS 58/16 48/14 127/47 22/46 130 (70/60)
ch;_agel RF4 DS 22/16 18/14 62/53 21/51 104 (39/65)
ch;_age2 RF1 CHD 10/11 2/6 20/20 8/15 31 (10/21)
ch;_age2 RF2 CS 12/5 0/0 33/28 0/2 2 (0/2)
ch;_age2 RF3 HS 222/82 53/76 320/150 17/143 289 (70/219)
ch;_age2 RF4 DS 91/64 18/55 181/155 13/135 221 (31/190)
Total ch; young 312 (141/171) 503 (94/409) 235/580
chs_old0 ACH 128/113 51/71 139/114 21/93 236 (72/164)
ch;_old1 ACH 469/398 27/63 323/263 5/187 282 (32/250)
ch;_old2 ACH 179/94 0/0 83/68 1/3 4 (1/3)
chs_old0 ACD 15/9 1/3 17/20 0/7 11 (1/10)
ch;_oldl ACD 30/28 2/2 25/34 1/2 7 (3/4)
ch;_old2 ACD 5/6 0/0 5/4 0/0 0 (0/0)
chz_old0 AHD 241/134 18/40 376/124 8/95 161 (26/135)
ch;_old1 AHD 470/234 10/23 411/211 6/45 84 (16/68)
ch;_old2 AHD 69/41 0/0 55/22 0/1 1 (0/1)
chz_old0 AS 74/38 6/16 119/63 2/33 57 (8/49)
ch;_old1 AS 150/85 2/5 176/96 2/13 22 (4/18)
ch;_old2 AS 37/12 0/0 32/17 0/0 0 (0/0)
Total ch; old 340 (117/223) 525 (46/479) 865 (163/702)
Total chs 652 (258/394) 1028 (140/888) 1680 (398/1282) 1681
chy_agel RF1 SCD 1/3 0/1 5/3 0/2 3(0/3)
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Women Men Total ARISTOTLE
Subgroup Stroke Risk CPRD Aurum example soln CPRD Aurum example soln soln Apixaban
Factors (vkal/vkal) n (vka0/vkal) (vkal/vkal) n (vka0/vkal) n (vka0/vkal) (N =9120)
chy_agel_RF2 SCH 6/4 12 19/19 4/18 25 (5/20)
chy_agel RF3 SDH 19/8 1/6 48/27 1/26 34 (2/32)
chy_age2 RF1 SCD 3/4 0/1 5/3 0/1 2 (0/2)
chy_age2 RF2 SCH 35/30 0/7 44/52 3/41 51 (3/48)
chy_age2 RF3 SDH 94/61 2/16 166/64 2/27 47 (4/43)
Total chs young 37 (4/33) 125 (10/115) 14/148
chy_RF1_old0 ASC 11/8 2/6 15/20 1/9 18 (3/15)
chy_RF1_oldl ASC 27/34 1/6 17/34 0/5 12 (1/11)
chy_RF1_old2 ASC 9/11 0/0 7/13 0/0 0 (0/0)
chy_RF2_old0 ASD 14/9 0/1 18/20 1/1 3(1/2)
chy_RF2_oldl ASD 23/18 2/2 29/26 0/2 6 (2/4)
chy_RF2_old2 ASD 5/3 0/0 6/6 0/0 0 (0/0)
chy_RF3_old0 ASH 224/122 33/56 249/139 8/109 206 (41/165)
chy_RF3_oldl ASH 592/281 23/51 407/256 10/56 (140) 33/107
chy_RF3_old2 ASH 144/110 4/3 75/36 0/1 8 (4/4)
chy_RF4_old0 ACDH 103/82 15/26 108/105 4/72 117 (19/98)
chy_RF4_oldl ACDH 230/219 15/25 194/179 2/51 93 (17/76)
chy_RF4_old2 ACDH 42/50 1/0 30/31 0/1 2 (1/1)
Total chy old 272 (96/176) 333 (26/307) 605 (122/483)
Total chy 309 (100/209) 458 (36/422) 767 (136/631) 767
chs_agel RF SCDH 7/5 1/3 15/18 1/10 15 (2/13)
chs_age2 RF SCDH 31/29 1/6 52/62 0/10 17 (1/16)
Total chs young 11(2/9) 21 (1/20) 32 (3/29)
chs_RF1_old0 ASCD 5/4 0/0 9/8 0/2 2 (0/2)
chs_RF1_oldl ASCD 8/17 1/2 18/28 0/5 8 (1/7)
chs_RF1_old2 ASCD 2/7 0/1 0/5 0/1 2 (0/2)
chs_RF2_old0 ASCH 42/44 9/20 35/51 2/20 51 (11/40)
chs_RF2_oldl ASCH 151/183 6/23 124/147 0/46 75 (6/69)
chs_RF2_old2 ASCH 54/65 2/3 28/36 0/5 10 (2/8)
chs_RF3_old0 ASDH 80/56 5/15 114/52 6/25 51 (11/40)
chs_RF3_oldl ASDH 168/127 4/11 176/123 6/14 35 (10/25)
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Women Men Total ARISTOTLE

Subgroup Stroke Risk CPRD Aurum example soln CPRD Aurum example soln soln Apixaban

Factors (vkal/vkal) n (vka0/vkal) (vkal/vkal) n (vka0/vkal) n (vka0/vkal) (N =9120)
chs_RF3_old2 ASDH 39/26 0/4 22/8 0/1 5 (0/5)
Total chs old 106 (27/79) 133 (14/119) 239 (41/198)
Total chs 117 (29/88) 154 (15/139) 271 (44/227) 273
chs_RF0_old0 ASCDH 38/53 1/9 42/59 0/6 16 (1/15)
chs_RF0_old1 ASCDH 70/103 1/8 75/105 0/9 18 (1/17)
chs_RF0_old2 ASCDH 24/13 0/3 12/12 0/0 3(0/3)
Total chg 22 (2/20) 15 (0/15) 37 (2/35) 37
Total C 2784
Total H 7962
Total A 1257 (455/828) 1591 (156/1409) 2848 (611/2237) 2850
Total D 2284
Total S 1748
TOTAL 3212 (1513/1699) 5868 (2356/3512) | 9080 (3869/5211) | 9120 (3912/5208)

CPRD Aurum columns show the number of patients in the ARISTOTLE-eligible apixaban CPRD cohort available for selection.
example solution columns show example solutions of sample sizes that may be selected from the CPRD Aurum ARISTOTLE-eligible apixaban cohort to give a cohort matching the ARISTOTLE trial on
key baseline characteristics.

Subgroup is defined by the CHADS2 score, combination of CHADS?2 stroke risk factors, and age group with this further broken down by prior VKA exposure status within the table.

soln=solution; vka0 = VKA-naive; vkal = VKA-experienced; agel = age < 65;
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A2.3.3 Full procedure for the selection of the ARISTOTLE-analogous cohort

Step 1

Apply ARISTOTLE inclusion and exclusion criteria to the AF patients with exposure to
apixaban and/or warfarin in CPRD Aurum. Since we will not select the index date for
warfarin users at this stage we must apply the eligibility criteria at every single potential

index date in the study period for each warfarin user.

Step 2

Select subset of apixaban users that match ARISTOTLE baseline characteristics using the
random sampling within subgroups method. This step yields an ARISTOTLE-analogous

apixaban arm.

Step 3

Order the ARISTOTLE-analogous apixaban arm in duration of prior exposure from

shortest prior VKA exposure to longest prior VKA exposure.

Step 4

Match the VK A-naive (the new users of apixaban) in the ARISTOTLE-analogous

apixaban arm to the trial-eligible new users warfarin using propensity score matching.

Step 5

Remove any warfarin users selected as a match for the new users of apixaban form the pool

of potential prevalent users.

Step 6

Order the pool of potential warfarin users (including all potential index dates) in duration

of prior exposure from shortest prior VKA exposure to longest prior VKA exposure.

Step 7

Step through the prevalent apixaban users in the ARISTOTLE-analogous apixaban arm 1
by 1 in order of duration of prior VKA exposure. For each prevalent apixaban user select a
sample of 5 warfarin users with equivalent duration of prior VKA exposure. Check the
eligibility of the sampled warfarin users and if any are ineligible drop them from the
sample and remove all other index dates belonging to the ineligible warfarin user from the
pool of potential prevalent users. If any ineligible users were found, then sample additional

prevalent warfarin users until 5 eligible are found.

Step 8

Categorise the prior VKA exposure into ‘treatment history strata’. Propensity score match
the prevalent ARISTOTLE-analogous apixaban users 1:1 with prevalent warfarin users
within the treatment history strata requiring that the match have equivalent prior VKA

cxposure.

Step 9

Set together the propensity score matched new and prevalent users giving the full

ARISTOTLE-analogous CPRD Aurum cohort.
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A2.3.4 Additional information of the analysis of outcomes
The outcomes used in the study all required hospitalisation or death and were captured using
the HES and ONS datasets:
Effectiveness Outcomes
- Primary effectiveness outcome: stroke or systemic embolism
including individual components (stroke, ischemic or uncertain type of stroke,
haemorrhagic stroke, systemic embolism)
- Key secondary outcome: death from any cause
- Other secondary outcomes:
Stroke, systemic embolism, or death from any cause
Myocardial infarction
Stroke, systemic embolism, myocardial infarction, or death from any cause
Pulmonary embolism or deep-vein thrombosis
Safety Outcomes
- Primary safety outcome: Major bleeding
including by location (intracranial, other location, gastrointestinal)
- Net clinical outcomes:
Stroke, SE, or major bleeding

Stroke, SE, major bleeding, or death from any cause

Cox proportional hazards models were used to analyse all time to event outcomes. The
models were stratified by prior VKA exposure status (naive/experienced). Cluster-robust
standard errors were used with pair membership as the clustering variable (158, 159). The
proportional hazards assumption was assessed by looking at the log-log of the Kaplan-Meier
survival curves and inspection of scaled Schoenfeld residuals plotted against time. The
primary analysis for the efficacy outcomes used an intent-to-treat censoring approach to
mimic the primary analysis in the trial. Safety outcomes were analysed using an on-treatment
censoring approach. Efficacy analyses were also analysed using an on-treatment censoring

approach.
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A2.3.5 Additional information on the prevalent new user design

Suissa in 2017 provided a framework for how to conduct pharmacoepidemiological studies

including both new and prevalent users, a design he named the ‘Prevalent New User’ (PNU)

design(137). The method Suissa proposed can be summarised as follows, supposing one is

interested in comparing an old ‘comparator’ drug and a newer ‘study drug’:

1.

Identification of the ‘base cohort’, selection of all users of the comparator and
newer study drug. This includes both patients newly initiating each treatment as well
as patients switching from the comparator treatment to the newer study drug.
Construction of exposure sets. Suissa defines an exposure set as “the set of subjects
in the base cohort exposed to the comparator drug at the point that a subject switched
to the study drug”. For each patient switching from the comparator to the study drug,
the ‘switchers’, an exposure set is created comprising all patients continuing on the
comparator treatment that have the same history of prior treatment.

Calculation of time-conditional propensity scores. All exposure sets are set
together into 1 dataset. Conditional logistic regression is used to estimate the
probability of switching to the study drug against the probability of continuing on the
comparator within each exposure set.

Selection of patients via propensity score matching in chronological order.
Having calculated the time-conditional propensity scores in step 3 we proceed to
select patients into the final cohort in a process designed to mimic the selection into
an RCT. In chronological order, from earliest index date of a study drug user to latest,
select the closest user of comparator match to each study drug user. The positivity
condition is checked by making sure the time-conditional propensity score of the
switcher is within the range of time-conditional propensity scores of the patients in

their exposure set. Should this condition not be met then the switcher is excluded
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from the final cohort. Once a continuer has been selected as a match they are no
longer eligible as a match at any other time and are therefore excluded from

subsequent exposure sets when selecting a match.

After completion of these steps the resulting cohort should comprise a mix of new users of
the study drug matched to new users of the comparator along with patients that switched from
the compactor to the study drug matched to patients that continued on the comparator. The
history of prior treatment may be defined based on a time metric such as number of days
covered by the prior prescriptions or by the number of prior prescriptions. Depending on the
typical use of the study drug and comparator drug of interest, use of a time metric that
requires an exact match on the number of days prior exposure would be prohibitively
restrictive and implausibly accurate for longer durations; selection of a suitable time interval
such as +1 month may therefore be more appropriate when assessing whether a comparator

has ‘equivalent’ prior exposure to a switcher.
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Appendix 3

A3.1 Supplementary material from Research Paper 2: PLOS Medicine results
paper
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S1 STROBE

STROBE Statement—Checklist of items that should be included in reports of cohort studies

Item Page No
No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the | Title
title or the abstract
(b) Provide in the abstract an informative and balanced summary | Abstract
of what was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the Introduction
investigation being reported
Objectives 3 State specific objectives, including any prespecified hypotheses Introduction,
paragraph 5;
Methods of
Analysis,
Benchmarking
results against
ARISTOTLE
Methods
Study design 4 Present key elements of study design early in the paper Abstract, Methods
and Findings,
paragraph 1;
Materials and
methods, Study
design
Setting 5 Describe the setting, locations, and relevant dates, including Materials and
periods of recruitment, exposure, follow-up, and data collection methods,
Setting/data sources
Participants 6 (a) Give the eligibility criteria, and the sources and methods of Materials and
selection of participants. Describe methods of follow-up methods, Patient
Selection, Step 1
and Step 2; Table
A2 in S3; Fig2
(b) For matched studies, give matching criteria and number of Materials and
exposed and unexposed methods, Patient
Selection, Step 3;
Fig 2;
Results of
Propensity score
matching
Variables 7 Clearly define all outcomes, exposures, predictors, potential Materials and
confounders, and effect modifiers. Give diagnostic criteria, if methods, Diagnostic
applicable and therapeutic
codelists and
Exposures and
outcomes;
Table 1;
Data sources/ 8* For each variable of interest, give sources of data and details of Exposures and
measurement methods of assessment (measurement). Describe comparability of | outcomes; Table A2
assessment methods if there is more than one group in S3.
Bias 9 Describe any efforts to address potential sources of bias Patient selection,
Step 3; Methods of
Analysis,
Confounding and
bias
Study size 10 Explain how the study size was arrived at Fig 2;
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Protocol in S2.

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. Introduction,
If applicable, describe which groupings were chosen and why paragraph 2 for
TTR
Statistical methods 12 (a) Describe all statistical methods, including those used to Patient selection,
control for confounding Step 3;
Methods of
Analysis, paragraph
1
Methods of
Analysis, Sensitivity
analyses
(b) Describe any methods used to examine subgroups and Methods of
interactions analysis,
Supplementary
analyses
(c) Explain how missing data were addressed Methods of
analysis, Missing
data;
Table 2 row 6 on
prior INR
(d) If applicable, explain how loss to follow-up was addressed Methods of
Analysis, paragraph
1; Methods of
Analysis, Sensitivity
analyses, paragraph
1.
(e) Describe any sensitivity analyses Methods, Sensitivity
analyses.
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg Fig2
numbers potentially eligible, examined for eligibility, confirmed
eligible, included in the study, completing follow-up, and
analysed
(b) Give reasons for non-participation at each stage Fig2
(c) Consider use of a flow diagram Fig 2
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, Table 3, Table A8
clinical, social) and information on exposures and potential in S3
confounders
(b) Indicate number of participants with missing data for each Table 3
variable of interest
(c) Summarise follow-up time (eg, average and total amount) Main results,
paragraph 1; Table
A3 in S3, Table A5
in S3
Outcome data 15*  Report numbers of outcome events or summary measures over Tables A3 and A5

time

in S3
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Main results

16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates
and their precision (eg, 95% confidence interval). Make clear which confounders
were adjusted for and why they were included

(b) Report category boundaries when continuous variables were categorized

(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period

Main results

Table 3 shows
categorisation
of variables;
Methods of
analyses,
Supplementary
analyses

Not
appropriate for
non-inferior
results.
Absolute event
rates (%/yr)
provided in
Fig3 and Fig4.

Other analyses

17

Report other analyses done—eg analyses of subgroups and interactions, and
sensitivity analyses

Results,
Analysis of
impact of
warfarin time
in therapeutic
range (TTR);
Results,
Analysis of
apixaban dose-
adjustment;
Results,
Sensitivity
analyses.

Discussion

Key results

18

Summarise key results with reference to study objectives

Discussion
paragraph 1;

Limitations

19

Discuss limitations of the study, taking into account sources of potential bias or
imprecision. Discuss both direction and magnitude of any potential bias

Sensitivity
Analyses;
Limitations

Interpretation

20

Give a cautious overall interpretation of results considering objectives, limitations,
multiplicity of analyses, results from similar studies, and other relevant evidence

Discussion
paragraphs 1
and 2

Generalisability

Discuss the generalisability (external validity) of the study results

Limitations,
paragraph 3;
Conclusions
paragraphs 1
and 2

Other information

Funding

22

Give the source of funding and the role of the funders for the present study and, if
applicable, for the original study on which the present article is based

Funding
statement

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background

and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article

(freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine

at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.
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INDEPENDENT SCIENTIFIC ADVISORY COMMITTEE (ISAC)
PROTOCOL APPLICATION FORM

PART 1: APPLICATION FORM

IMPORTANT
Both parts of this application must be completed in accordance with the guidance note ‘Completion of the
ISAC Protocol Application Form’, which can be found on the CPRD website cprd.com/research-applications

FOR ISAC USE ONLY

Protocol No. - Submission date -

GENERAL INFORMATION ABOUT THE PROPOSED RESEARCH STUDY

1. Study Title (Max. 255 characters)
Use of non-interventional data for determining the real-world effectiveness of anticoagulation medication for
stroke prevention in a clinical trial analogous population

2. Research Area (place ‘X' in all boxes that apply)

Drug Safety X Economics

Drug Utilisation Pharmacoeconomics

Drug Effectiveness X Pharmacoepidemiology X
Disease Epidemiology Methodological X
Health Services Delivery

3. Chief Investigator

Title: Dr
Full name: Kevin Wing
Job title: Assistant Professor of Epidemiology

Affiliation/organisation: London School of Hygiene & Tropical Medicine
Email address: d

CV Number (if applicable):

4. Corresponding Applicant

Title: Ms
Full name: Emma Powell
Job title: Research Degree Student

Affiliation/organisation: London School of Hygiene & Tropical Medicine
Email address: DOSOEON

CV Number (if applicable):

ISAC Protocol Application Form September 2018 1
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5. List of all investigators/collaborators

Title: Ms
Full name: Emma Powell
Job title: Research Degree Student

Affiliation/organisation:

Email address:

London School of Hiiiene & Tropical Medicine

CV Number (if applicable):

Will this person be analysing the data? (Y/N) |Y

Title: Dr

Full name: Kevin Wing

Job title: Assistant Professor of Epidemiology

Affiliation/organisation:

London School of Hygiene & Tropical Medicine

Email address:

CV Number (if applicable):

Will this person be analysing the data? (Y/N) [ N

Title: Dr

Full name: lan Douglas

Job title: Associate Professor of Pharmacoepidemiology

Affiliation/organisation:

Email address:

CV Number (if applicable):

London School of Hiiiene & Tropical Medicine

Will this person be analysing the data? (Y/N) | N

Title: Ms

Full name: Usha Gungabissoon
Job title: Director, Epidemiology

Affiliation/organisation:

GlaxoSmithKline

Email address:

CV Number (if applicable):

Will this person be analysing the data? (Y/N) | N

Title: Prof

Full name: Liam Smeeth

Job title: Professor of Clinical Epidemiology

Affiliation/organisation:

Email address:

London School of Hiiiene & Tropical Medicine

CV Number (if applicable):

Will this person be analysing the data? (Y/N)

N

[Add more investigators/collaborators as necessary by copy and pasting a new table for each

investigator/collaborator]

6. Experience/expertise available

List below the member(s) of the research team who have experience with CPRD data.

Protocol Number/s:

Kevin Wing, lan Douglas, Usha
Gungabissoon, Liam Smeeth

>50 protocols

List below the member(s) of the research team who have statistical expertise.

ISAC Protocol Application Form September 2018
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Name(s): |
Emma Powell

List below the member(s) of the research team who have experience of handling large datasets (greater than 1
million records).
Name(s):
Kevin Wing
lan Douglas

List below the member(s) of the research team, or supporting the research team, who have experience of

racticing in UK primary care.
Name(s):

Liam Smeeth

ACCESS TO THE DATA

7. Sponsor of the study

Institution/Organisation: Medical Research Council

Address: Polaris House, North Star Avenue, Swindon, SN2 1FL, United Kingdom

8. Funding source for the study

Same as Sponsor? Yes [X [No | |
Institution/Organisation: Medical Research Council
Address: Polaris House, North Star Avenue, Swindon, SN2 1FL, United Kingdom

9. Institution conducting the research

Same as Sponsor? Yes | [No [X |
Institution/Organisation: London School of Hygiene & Tropical Medicine
Address: Keppel Street, London, WC1E 7HT, United Kingdom

10. Data Access Arrangements

Indicate with an ‘X’ the method that will be used to access the data for this study:
| Study-specific Dataset Agreement

Institutional Multi-study Licence X
Institution Name London School of Hygiene & Tropical Medicine
Institution Address Keppel Street, London, WC1E 7HT, United Kingdom

Will the dataset be extracted by CPRD?
[Yes | [No [X

If yes, provide the reference number:

11. Data Processor(s):

| Processing | X |

ISAC Protocol Application Form September 2018
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Accessing X
Storing X
Processing area (UK/EEA/Worldwide) | UK

Organisation name London School of Hygiene & Tropical Medicine
Organisation address Keppel Street, London, WC1E 7HT, United Kingdom

Processing
Accessing
Storing
Processing area (UK/EEA/Worldwide)
Organisation name

Organisation address

[Add more processors as necessary by copy and pasting a new table for each processor]

INFORMATION ON DATA

12. Primary care data (place ‘X' in all boxes that apply)

[ CPRD GOLD [ X | CPRD Aurum [ X |

13. Please select any linked data or data products being requested

Patient Level Data (place ‘X’ in all boxes that apply)

ONS Death Registration Data X CPRD Mother Baby Link

HES Admitted Patient Care X Pregnancy Register

HES Outpatient NCRAS (National Cancer Registration and
Analysis Service) Cancer Registration Data

HES Accident and Emergency NCRAS Cancer Patient Experience Survey
(CPES) data

HES Diagnostic Imaging Dataset NCRAS Systemic Anti-Cancer Treatment
(SACT) data

HES PROMS (Patient Reported Outcomes NCRAS National Radiotherapy Dataset

Measure) (RTDS) data
Mental Health Services Data Set (MHDS)

Area Level Data (place X' in all boxes that apply)

Practice level (UK) Patient level (England only)

Practice Level Index of Multiple Deprivation | X Patient Level Index of Multiple Deprivation X
(Standard)

Practice Level Index of Multiple Deprivation Patient Level Townsend Score

(Non-standard)

Practice Level Index of Multiple Deprivation
Domains (Non-standard)

Practice Level Carstairs Index for 2011
Census (Excluding Northern Ireland)
(Standard)

2011 Rural-Urban Classification at LSOA
level (Non-standard)
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Reference number (where applicable):

14. Are you requesting linkage to a dataset not listed above?

[Yes | [No [X |

If yes, provide the reference number:

15. Does any person named in this application already have access to any of these data in a patient
identifiable form, or associated with an identifiable patient index?

[Yes | [No [Xx |

If yes, provide further details:

VALIDATION/VERIFICATION

16. Does this protocol describe an observational study using purely CPRD data?

[Yes [X [No | |

17. Does this protocol involve requesting any additional information from GPs, or contact with
patients?

[Yes | [No [X ]

If yes, provide the reference number:
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PART 2: PROTOCOL INFORMATION

Applicants must complete all sections listed below
Sections which do not apply should be completed as ‘Not Applicable’ and justification provided
A. Study Title (Max. 255 characters)
Use of non-interventional data for determining the effectiveness of anticoagulation medication for stroke prevention
B. Lay Summary (Max. 250 words)

Atrial Fibrillation (AF) is a heart condition in which patients have an irregular heartbeat. Patients with AF are at a
higher risk of stroke and may be prescribed a type of medication called anticoagulants to reduce the risk of stroke.

Treatment guidelines for anticoagulants are based on the results of randomised clinical trials which have very strict
entry criteria. This means that many people with AF who are prescribed these drugs by their GP could be quite
different to patients studied in clinical trials. The types of patients who are usually not allowed to take part in clinical
trials include people with existing medical conditions, people with no other stroke risk factors, and pregnant
patients. Patients included in anticoagulant clinical trials may therefore not be representative of the patients who are
prescribed these drugs in clinical practice.

In this study we will look at how well a specific anticoagulant medicine called apixaban works compared with
another treatment called warfarin in people who would have been excluded from a landmark anticoagulant trial (the
ARISTOTLE trial), in order to help improve treatment guidelines for these people. We will use information routinely
collected by GPs and hospitals to assess the impact of apixaban and warfarin in preventing stroke and blood vessel
blockage. First we will see how well these treatments work when prescribed to people that are similar to those
included in the ARISTOTLE trial. Then we will see how well the treatments work when prescribed to patient groups
excluded from this trial.

C. Technical Summary (Max. 300 words)

Patients with atrial fibrillation (AF) are at a greatly increased risk of stroke; prophylactic treatment with
anticoagulation medication reduces this risk. In the last decade several direct oral anticoagulants (DOACs) have
been approved providing an alternative to the standard treatment warfarin which has many drug and dietary
interactions and requires onerous monitoring. Treatment guidelines for AF patients are based on the results from
randomised controlled trials (RCT).

There is increasing interest in the effectiveness of medications in routine clinical practice to confirm trial results and
estimate drug effectiveness in patient groups excluded from or underrepresented in clinical trials. There is however
some uncertainty about the suitability of using non-interventional data to address questions about drug
effectiveness and on the most suitable methods to be used. The aims of this study are to attempt to measure the
association between anticoagulation treatments for stroke prevention in AF using electronic health records (EHRs)
and to develop a methodological framework for using observational EHRs to answer questions about DOACs
among patients excluded from or underrepresented in the RCTs.

This study will use individual patient data from ARISTOTLE", a pivotal trial conducted 2006-2011 in 18,201 patients
that demonstrated superiority of the DOAC apixaban compared with warfarin in prevention of stroke. The individual
patient data will be used to match to UK NHS patients with anonymised routinely-collected EHRs from CPRD.
Analysis of drug effectiveness in this cohort will help determine whether EHR data are suitable for this kind of
research question. Selecting EHR patients similar to trial patients will remove much of the variability in baseline risk
of the study outcomes between trial participants and EHR patients. If we can demonstrate replication of trial results
in our ARISTOTLE-analogous cohort, the same methodology will be used to determine drug effectiveness in patient
groups underrepresented in the trial.

D. Outcomes to be Measured
Time to event: stroke, systemic embolism, myocardial infarction, all-cause death, major bleeding

ISAC Protocol Application Form September 2018 6
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E. Objectives, Specific Aims and Rationale

Aim 1: To measure the association between anticoagulation treatments for stroke prevention in AF and time to
stroke, systemic embolism, myocardial infarction, major bleeding, and mortality amongst an ARISTOTLE-analogous
cohort of patients from UK electronic health records (EHR).

Aim 2: To develop a methodological framework with in-built validation, for using observational electronic health
records to answer questions about DOAC risks and benefits in patients excluded from or underrepresented in the
RCTs.

Objectives
Objective 1. Check comparability of EHR data and robustness of methods for measuring AF stroke prevention
medication effectiveness in EHR data by comparing with ARISTOTLE results.

We will obtain fully anonymised individual patient data from the pivotal ARISTOTLE trial. A group of individuals with
similar characteristics will be selected from EHR data based on medical history, prescription data, and baseline
characteristics. The ARISTOTLE trial measured the efficacy of apixaban vs warfarin for the prevention of stroke,
systemic embolism, myocardial infarction, and mortality and safety (major bleeding) amongst people with AF and at
least one risk factor for stroke. Individual trial participants will be matched with similar people in the anonymised EHR
databases the Clinical Practice Research Datalink (CPRD) Gold and CPRD Aurum in order to create an ARISTOTLE-
analogous cohort within EHRs. The individual trial participant information is being obtained from Bristol Myers-Squibb.
Using cohort methodology, estimates of the effect of apixaban vs warfarin on stroke, systemic embolism, myocardial
infarction, major bleeding and mortality in the CPRD cohort of ARISTOTLE analogous patients will then be measured.
The results will be compared with the ARISTOTLE findings to determine the utility of CPRD records for measuring
medication effectiveness in AF. This objective will provide a methodological framework for measuring drug
effectiveness in people with AF, using observational data from CPRD.

Objective 2. Extension of trial findings: Measure AF treatment effects in patients excluded from ARISTOTLE

Using the methodological template developed in Objective 1, we will determine the effect of apixaban vs warfarin in
prevention of stroke, systemic embolism, myocardial infarction, major bleeding and mortality in people with AF not
eligible for the ARISTOTLE study (most importantly people with substantial comorbidity), and look separately at
important subgroups e.g. those with and without underlying cardiovascular disease.

Objective 3. Comparative effectiveness: Compare treatment effectiveness between multiple individual
anticoagulants in all anticoagulant recipients (no eligibility criteria other than diagnosis of AF)

Using the methodological template developed in Objective 1, we will compare time to stroke, systemic embolism,
myocardial infarction, major bleeding, and death based on prescribed treatments:

a) warfarin

b) apixaban

c) rivaroxaban

d) dabigatran

Apixaban will be compared with warfarin then all other DOACs compared with apixaban.

Rationale

AF treatment guidelines are largely informed by randomised controlled trial (RCT) results, but we do not know if
these findings apply to large patient populations not studied in trials. Apixaban is one of the most widely used
anticoagulants used in stroke prevention in AF. It was studied in a large randomised trial (ARISTOTLE), but we
don’t know the effects of treatment in important patient groups who were not studied. Some were excluded from AF
stroke prevention trials in general (e.g. those with mechanical heart valves and those with substantial comorbidity)
and some are under-represented (e.g. elderly patients), meaning conclusions about these groups are difficult to
make. The results we generate will firstly tell us if EHR data are suitable for this purpose. If so, our findings will aid
patients, prescribers and policy makers in better understanding the benefits and risks of different anticoagulants for
stroke prophylaxis in AF rather than assuming that the trial estimates are applicable to all patients.

ISAC Protocol Application Form September 2018 7
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F. Study Background

Atrial fibrillation (AF) is a heart condition in which the patient experiences a rapid and irregular heartbeat caused by
electrical signals firing from multiple locations in the atria. Although patients may be asymptomatic , symptoms such
as heart palpitations, fainting, light-headedness, and shortness of breath are reported. The prevalence of AF is
estimated to be around 3%?2 and increases with age from 0.2% in people aged 45-54 years to 8.0% in those 75 and
older®. The lack of organised atrial contraction in AF can lead to blood stagnating in the left atrium or left atrial
appendage and the formation of thrombi. Should a thrombus move from the heart through the body this can cause
systemic embolism or stroke; consequently patients with AF have a five fold higher risk of stroke. It is
recommended that AF patients receive prophylactic treatment with anticoagulation medication to reduce the risk of
stroke. The previous standard anticoagulation treatment for this indication, warfarin, has many treatment
interactions and requires frequent monitoring and dose adjustments to stay within the therapeutic range of
anticoagulant action as summarised by Hirsh et al*: Warfarin has interactions with a wide range of drugs such as
metronidazole which inhibits warfarin clearance, barbiturates and carbamazepine which increase hepatic warfarin,
and aspirin which increases the risk of bleeding. Diet also interacts with response to warfarin with increased intake
of vitamin K (present in green vegetables) leading to a reduction in the anticoagulant response to warfarin. Genetics
influences the warfarin dose-response relationship most notably in common mutations in coding for cytochrome
P450 (the family of enzymes responsible for warfarin metabolism). Warfarin therapy is monitored by calculating a
patient’s International Normalised Ratio (INR), a standardised measurement of the time taken for blood to clot.
Typically for AF the patient must maintain INR at a therapeutic range between 2.0 and 3.0 with INR values below 2
putting a patient at higher risk of stroke and levels above 3 resulting in a higher risk of bleeding. On initiation of
therapy INR is checked daily until in therapeutic range, then 3 times weekly for 2 weeks, then less often, according
to the stability of the results. Given the challenge in maintaining INR in therapeutic range and the complex safety
profile of warfarin it was hoped that the introduction of the direct acting oral anticoagulants (DOACs) would provide
a safer and easier to manage long term anticoagulation therapy for AF patients. The pivotal trial of the DOAC
apixaban for this indication, ARISTOTLE, demonstrated superiority over warfarin for both the primary efficacy
(prevention of stroke) and safety (major bleeding) outcomes.

Apixaban was licensed based on the results of the pivotal trial ARISTOTLE, a randomised controlled trial (RCT).
ARISTOTLE had eligibility criteria that patients had to meet to be included in the trial, thus limiting the
generalisability of the results of the trial. As a result, evidence on treatment effect is lacking for patients who would
not have met the ARISTOTLE eligibility criteria such as individuals with a mechanical heart valve, those at
increased bleeding risk, and individuals with severe comorbid conditions. The regulatory environment now demands
evidence of treatment effectiveness outside the confines of randomised trials. Non-interventional data sources have
the potential to overcome many of the RCT limitations given that they contain data for a wide spectrum of patients
treated with the drug in routine care including patients who would have been excluded from trials. Data collected as
a standard part of patient care such as electronic healthcare record (EHRs) provide a valuable opportunity to obtain
evidence on the effectiveness of apixaban in a routine care setting. A key problem with non-interventional studies
using these data is that the absence of randomisation leaves them highly susceptible to confounding (with
confounding by indication a particular problem), making it difficult to have confidence in the results. By contrast
matching to individual patient data from ARISTOTLE and then using novel methods for matching within EHR
treatment groups should result in an EHR population similar to the trial population that is well balanced by treatment
group. If successful, the estimates of effectiveness and safety of apixaban obtained from this approach should then
be comparable with the ARISTOTLE results. If non-interventional data can be successfully used to approximate the
findings of ARISTOTLE then they may be reliable to estimate effects in under studied AF patient groups. This
project will involve testing whether EHR data can find results compatible with the ARISTOTLE trial results while
developing optimal methodology for studying anticoagulants in stroke prophylaxis. This methodology can then be
applied to under studied AF patient groups.

G. Study Type
Hypothesis testing

H. Study Design
This is a historical cohort study.

The cohort study design allows measurement of the effects of prescribing apixaban vs warfarin for prevention of
stroke and systemic embolism in AF on key efficacy and safety outcomes..

ISAC Protocol Application Form September 2018 8
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I. Feasibility counts

ARISTOTLE inclusion and exclusion criteria were extracted from the trial protocol. Read code and medication
codelists were created for the inclusion and exclusion criteria. The criteria were applied to a January 2018 extract of
CPRD Gold patients prescribed apixaban. Overall out of 13 332 patients with a prescription for apixaban and
diagnosis of AF 63% (8 407) were trial-eligible. Trial criteria were also applied to patients with a prescription for
warfarin in the period 01 January 2013 to 31 January 2018 and a diagnosis of AF (68 113 patients). Of these
patients 45 435 (62.3%) were eligible according to trial criteria.

J. Sample size considerations

We will include all eligible patients registered in the CPRD and who meet the trial criteria. In ARISTOTLE there
were 9120 subjects in the apixaban arm therefore it was estimated a minimum of 15,000 EHR patients exposed to
apixaban were needed for matching to be feasible. It was unlikely there would be enough patients in CPRD Gold
alone for the project given that only ~8400 patients were eligible in the January 2018 extract. The CPRD Aurum
database (June 2019 extract) contained 29,578 patients with both an atrial fibrillation diagnosis and a prescription
for apixaban; of these patients 23,526 were not registered in practices that had previously contributed data to
CPRD Gold. Using the assumption that the proportion of Aurum patients who would meet the ARISTOTLE trial
eligibility criteria would be similar to the proportion of Gold patients (~60%) gave an estimate of 14,115 trial eligible
Aurum patients in the apixaban arm. Combining the Gold and Aurum cohorts is therefore estimated to give >22,000
unique trial-eligible EHR apixaban patients.

K. Planned use of linked data (if applicable):

We intend to use CPRD data linked with HES in patient data to enable optimal stroke, MI, and major bleeding
ascertainment, and ONS mortality data to determine deaths. When matching CPRD patients we plan to include the
practice level deprivation level index as a matching variable because socioeconomic status is predicted to influence
the likelihood of the primary study outcome of stroke.

ISAC Protocol Application Form September 2018 9
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L. Definition of the Study population

For all objectives two datasets of UK primary care data will be combined: CPRD Gold and CPRD Aurum. Patients
with a prescription for an oral anticoagulant in the time period 01 January 2013 to 31 January 2019 (exact cut-off
date dependent on date of final data extracts) and a prior diagnosis of atrial fibrillation will be selected as the EHR
cohort. Apixaban gained UK marketing authorisation in January 2013 for the indication of prevention of stroke and
systemic embolism in AF patients; the minimum date is set to capture all patients prescribed apixaban for this
indication in the UK. A previous study validated the use of diagnostic read codes for identifying patients with AF in
CPRD by sending surveys to GPs and found a confirmation rate of 98% among patients originally identified with AF
codes®.

Objective 1

Step 1: We will select all (HES and ONS linked) patients in the EHR cohort who would have met the following
eligibility criteria for inclusion in the ARISTOTLE study, at least 6 months after patient registration in an up to
standard practice: or 6 months post-UTS date, whichever is later:

e adiagnosis of AF,

e age over 18 years,

e atleast one of the following risk factors for stroke: diagnosis of congestive heart failure, hypertension requiring

pharmacological treatment, age greater than 75, diabetes mellitus, and prior stroke or systemic embolism,

e no AF due to reversible causes (e.g. thyrotoxicosis, pericarditis),

* no clinically significant (moderate or severe) mitral stenosis, in EHRs clinical significance and severity are

not consistently recorded therefore a diagnosis of mitral stenosis will be sufficient to exclude a patient,

e no increased bleeding risk that is believed to be a contraindication to oral anticoagulation (e.g. previous

intracranial haemorrhage),

* no conditions other than AF that require chronic anticoagulation (e.g. prosthetic mechanical heart valve),

e no persistent, uncontrolled hypertension (systolic BP > 180 mm Hg, or diastolic BP > 100 mm Hg), in EHRs
this will be implemented by excluding patients whose latest blood pressure reading in the 6 months prior to
the index date is over the systolic or diastolic blood pressure limit
no active infective endocarditis,
no concomitant treatment with aspirin > 165 mg/day,
no simultaneous treatment with both aspirin and a thienopyridine (e.g., clopidogrel, ticlopidine),
no severe comorbid condition with life expectancy of < 1 year,
no active alcohol or drug abuse, or significant psychosocial difficulties (e.g., psychosis, dementia),
no recent ischemic stroke (within 7 days),
no severe renal insufficiency (serum creatinine > 2.5 mg/dL or a calculated creatinine clearance <25 mL/min),
no ALT or AST > 2X ULN or a Total Bilirubin 2 1.5X ULN (unless an alternative causative factor such as
Gilbert's syndrome is identified),
no platelet count < 100,000/ mm*
no haemoglobin < 9 g/dL,
no prior exposure to apixaban,

e nowomen who are pregnant or breastfeeding
For the 3 criteria involving patient laboratory results (renal insufficiency, low platelet count, and low haemoglobin) a
patient will be excluded if their last test result in the 90 days prior to the index date meets the exclusion criteria.

Step 2: Next we will determine if/when these patients received apixaban or warfarin. Individuals in EHR who have
more than one warfarin eligibility period within their record will be able to contribute more than once to the pool of
warfarin subjects (with the covariates and person-time contributed unique to the specific eligibility period) as long as
they have no past apixaban exposure.

Step 3: Having obtained individual level patient data for ARISTOTLE participants from Bristol Myers-Squibb we will
then match each ARISTOTLE apixaban participant 1:1 with the closest available apixaban patient record in our
EHR pool. We will consider matching on a selection of the following ARISTOTLE baseline characteristics:

e age
e sex
e body mass index

systolic blood pressure (mmHg)
history of congestive heart failure or left ventricular systolic dysfunction

ISAC Protocol Application Form September 2018 10
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hypertension requiring pharmacological treatment
diabetes mellitus
prior stroke or TIA or thromboembolism
smoking status [current smoker, former smoker, or never smoked]
alcohol consumption [none, low, moderate, heavy]
renal impairment [severe, moderate, mild, normal based on the CrCL value]
prior VKA/warfarin use
concomitant treatment with:
anticoagulant/VKA use other than warfarin or apixaban
aspirin
antiplatelets
NSAIDs
lipid lowering drug therapy
CYP3A4 inhibitors

We anticipate matching all or the majority of ARISTOTLE apixaban subjects with an EHR patient, giving us a pool
of ARISTOTLE-analogous apixaban patients, with similar baseline characteristics as ARISTOTLE subjects at the
point of randomisation (n~9,000).

The variables selected as potential matching variables are those known or suspected to influence the likelihood of
the outcomes of interest. The exact selection of matching variables will depend on the quality and completeness of
the data available and a balance will be struck between the matched sample size and sample balance. Variables
may be grouped together to increase the sample size, for example by grouping concomitant medications that
increase bleeding risk. Continuous variables may be coarsened by splitting into appropriate categories. A procedure
will be employed to facilitate selection of a matched cohort, for example via coarsened exact matching® for example
by use of the %CEM SAS macro’. Coarsened Exact Matching is a nonparametric matching method that has been
found to give estimates of casual effects with lower variance and bias for a given sample size compared with other
commonly used methods of matching?®.

Figure 1: Assembly of Matched Trial-analogous Cohort of EHR Patients

CPRD Gold CPRD Aurum

I Combined ARISTOTLE-eligible EHR Cohort l

! !

| warfarin trial-eligible | I apixaban trial-eligible l
Matching (Step 4) Matching (Step 3)
apixaban
warfarin trial- apixaban trial- ARISTOTLE patients
analogous analogous

Step 4: The resulting trial matched sample of EHR apixaban exposed subjects will be matched to the warfarin
ARISTOTLE-eligible EHR subjects (Figure 1) using a matching method such as propensity score matching (PSM),
or CEM (with the final method selected based upon method giving the optimal sample size versus balance). Where
an individual from EHR has multiple warfarin “eligibility periods” that can be matched to an apixaban trial matched
subject, the EHR characteristics that will be matched on will be those from the beginning of the specific eligibility
period. The covariates for consideration in the matching between EHR treatment arms or construction of a PS
model will include the variables listed above used in in step 3 along with additional EHR variables such as data
source (CPRD Gold or Aurum), socioeconomic status, and comorbidities. The hazard ratio for the outcomes of
interest (listed in section N) will then be calculated. Each apixaban patient from the ARISTOTLE-eligible EHR
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patients will be matched 1:1 with the warfarin EHR patient with the closest match giving a trial-analogous analysis
cohort of ~18,000.

A patient may be exposed to warfarin followed by apixaban in the time period of interest and the patient be trial
eligible in both treatment periods; in such a situation both patient treatment periods may be included in the EHR
treatment groups with the restriction that a patient must not be matched to themselves. Given the trial exclusion
criteria that a patient may not have been previously exposed to apixaban, any warfarin treatment periods after
apixaban exposure would not be eligible for inclusion in the warfarin EHR cohort.

Objective 2: we will select patients who would not have been included in the ARISTOTLE trial (and therefore would
not have been included in the Objective 1 cohort) based on their age, stroke risk factors, or presence of substantial
comorbidity. Specifically, this will be patients with an AF diagnosis in the EHR cohort meeting these additional criteria:

e age >77 years (although elderly patients were not excluded the maximum age at first dose in ARISTOTLE

was 76),

OR

e no evidence of at least one additional risk factor for stroke
OR

e AF due to reversible causes
OR

e evidence of drug/alcohol abuse
OR

e severe comorbid condition: ARISTOTLE required patients to be excluded from the trial if they had serious
disease with a likelihood of causing death within 1 year or reasons making participation unpractical (such as
dementia).

In these special patient populations the same outcomes as objective 1 will be assessed as described in section N.

Objective 3: we will select all patients with AF with a prescription for any anticoagulant in the treatment period from
the set of treatments: apixaban, warfarin, rivaroxaban, dabigatran. For this objective all outcomes listed in section N
will be assessed. Patients will be stratified on whether they would have met the ARISTOTLE trial criteria.

M. Selection of comparison group(s) or controls

For objectives 1 and 2 the comparison group consists of the patients prescribed warfarin with a diagnosis of AF
meeting the eligibility conditions described in section L. For objective 3 apixaban is compared to each other
treatment group (warfarin, rivaroxaban, dabigatran).

N. Exposures, Outcomes and Covariates
The exposures of interest are apixaban, warfarin, rivaroxaban, and dabigatran (any dose for each exposure).
The individual effectiveness outcomes:

- stroke

- systemic embolism

- myocardial infarction

- all cause death

The safety outcome for the study:
- major bleeding (bleeding requiring transfusion, bleeding at a critical site, bleeding requiring attendance at
hospital, or fatal bleeding)

For all outcomes we make the assumption that if there is no record of an outcome then the outcome did not occur.

The EHR ARISTOTLE-eligible patients prescribed apixaban will be matched to the ARISTOTLE apixaban patients
on the variables listed in section L (step 3 of objective 1), with value taken at baseline (value at time of first dose or
latest measurement/data recorded prior to first dose).

When matching between the treatment arms within the EHR cohort of patients the variables to be considered for
inclusion in the matching algorithm include those listed in section L used in matching from the EHR treatment arm
to the trial patient data in addition to EHR variables such as data source (CPRD Gold or Aurum), socioeconomic
status, and comorbidities.
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O. Data/ Statistical Analysis

Data mapping

For all 3 objectives the data source will consist of two datasets of UK real world clinical data which will be
combined: CPRD Gold and CPRD Aurum. The two datasets will be mapped to a common data model based on
adapted Clinical Data Interchange Standards Consortium (CDSIC) standards®. Duplicate entries of patients — where
a patient is present in more than one dataset — will be removed with the following rule: keep in CPRD Aurum above
CPRD Gold. CPRD Aurum provides a dataset listing practices in CPRD Aurum which have previously contributed
data to CPRD Gold; this dataset will be used to exclude data from practices with eligible patients in CPRD Gold
where the patient data is also recorded in Aurum. Only data of interest to the study will be mapped and used:
patient demographics, diagnoses, clinical events, and recorded symptoms, therapies prescribed, lab results, and
vital signs.

Primary Analysis

[¢) Population

The ARISTOTLE trial used an intent to treat (ITT) approach for the primary efficacy analysis, and an on-treatment
approach for the sensitivity analyses and safety outcomes. To perform an equivalent analysis with the EHR data the
following analysis populations will be used for all objectives:

Prescribed Population: all patients who were prescribed a treatment, regardless of future changes to treatment.
When summarizing data using this population, subjects are categorized according to the As Prescribed group.
On-treatment Population: all patients who were prescribed a treatment. In the case of patients discontinuing or
switching treatment, data will be included up to and including their derived date of last dose of the initially
prescribed treatment.

o Censoring

Index date

The index date for the EHR cohort will be the date of the patient’s first prescription of apixaban or warfarin (for
objectives 1 and 2), or for objective 3 first prescription of apixaban, warfarin, rivaroxaban, or dabigatran on or after
the date the patient first met the eligibility criteria for the trial in the treatment period of interest

Date of last dose (all objectives)

The date of last dose will be estimated using the subject’s date of prescription, number of tablets prescribed, and
daily dose. Where there are missing values for the number of tablets prescribed or daily dose suitable values will be
used to replace these, for example by substituting with the median or modal value. To allow for stockpiling of tablets
and less than 100% adherence we will add 30 days after the apparent end of treatment when deriving date of last
dose.

Primary censoring scheme:

Patients will be censored at the earliest of: outcome of interest, death date, ‘transferred out date’, ‘last collection
date’, or 5 years after the index date. The 5-year limit reflects the maximum possible follow-up for a subject in the
ARISTOTLE trial. Conclusions regarding noninferiority or superiority will be based on the results of the analyses
using this censoring scheme as this most closely resembles the ARISTOTLE analysis plan.

Supportive censoring scheme:

Patients will be censored at the earliest of: outcome of interest, death date, ‘transferred out date’, ‘last collection
date’, 5 years after the index date, or the derived last date of study drug. By censoring around the time of last study
drug this scheme should include only events likely to be due to the drug taken.

o) Primary outcome

The primary efficacy endpoint will be the time to first occurrence of confirmed stroke (ischemic, hemorrhagic, or of
unspecified type), or systemic embolism during the study, regardless of whether the subject is receiving treatment
at the time of the event (i.e. using the primary censoring scheme).

Comparisons will be made according to prescribed treatment (apixaban vs warfarin) for time to stroke/SE.

This analysis approach will be used as the primary analysis for all 3 objectives.

o Descriptive analyses

Demographic and Baseline Characteristics

Frequency distribution and summary statistics for demographic and baseline variables will be presented by
treatment group for the EHR patients, both before and after matching steps.

Treatment Switching and Discontinuation
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As the primary analysis accounts neither for treatment switching nor for treatment discontinuation and does not
capture that these may be unfavourable outcomes both the proportion of patients discontinuing treatment and time
to treatment discontinuation will be tabulated by prescribed treatment.

o Regression model

Hazard ratio (apixaban/warfarin) comparing the event rate (%/yr).

Interpretation: This estimand targets the treatment-policy effect of treatment initiation of apixaban vs initiation or
continuation of warfarin on the time to first stroke or systemic embolism.

All time to event endpoints will be analysed using a Cox proportional hazards model including treatment group as a
covariate and prior warfarin/VKA status (experienced, naive).

Point estimates and two-sided 95% Cis for HR will be constructed for the outcome.

[¢) Validation of Observational Results Against Aristotle Data

In Objective 1 alone we will validate the findings from our primary analysis against ARISTOTLE by determining
whether results of the EHR analysis are compatible with the ARISTOTLE trial results. The ARISTOTLE trial
demonstrated superiority of apixaban over warfarin for the primary endpoint (HR 0.79, 95% CI 0.66-0.95). The
treatment effect seen with the EHR data may be weaker than that seen in ARISTOTLE.

A subgroup analysis looking at the outcomes of the EU patients in ARISTOTLE showed a smaller treatment
difference with the estimate for HR below 1 but upper limit of the CI crossing 1 for the primary efficacy endpoint and
death: HR for stroke/SE= 0.92 (95% CI = 0.56; 1.52), HR for all cause death= 0.89 (95% CI| = 0.68; 1.18). It was
suggested in the European Medicines Agency (EMA) Assessment Report that the smaller treatment effect seen in
the EU patients could be due to better INR control in the warfarin arm of the EU subgroup (median TTR 68.93%)"°.
This study could provide additional evidence on this point. Since all the patients in our cohort are from the UK the
results can be compared with the results from the ARISTOTLE patients in the EU.

By assessing superiority and non-inferiority we will see whether the treatment effect observed is more similar to the
study results as a whole (apixaban superior) or the EU subgroup results. Either a result of superiority or non-
inferiority will be considered compatible with the ARISTOTLE trial results. We have set two criteria that must be met
for us to conclude results are consistent with the result demonstrated in the trial:

1. The effect size must be clinically comparable with the ARISTOTLE findings; the hazard ratio for time to
stroke/systemic embolism with the EHR must be between 0.69 and 0.99. This range is not symmetrical around the
ARISTOTLE estimate of 0.79 as it is anticipated that the treatment effect in routine clinical care may be weaker than
that seen in the optimised setting of a clinical trial.

2. The upper limit of the 95% confidence interval for the rate ratio must be less than 1.52 (upper limit in the EU
subgroup of ARISTOTLE).

In addition, if the upper limit of the 95% Cl is less than 1 then superiority of apixaban vs warfarin will be concluded.
Either result (superiority or non-inferiority) will be taken as evidence that EHR data may be useful to look at NOACs

Secondary analyses

Secondary outcomes include the key safety outcome of major bleeding (as defined in section N) and the individual
outcomes of stroke, systemic embolism, myocardial infarction, and mortality. All secondary outcomes other than
major bleeding will use the same analysis approach (primary censoring scheme and regression model) as specified
for the primary analysis above. For major bleeding the same regression model as the primary analysis will be used
but with the supportive censoring scheme in which patients are censored around the time of last study drug. Within
major bleeding results will also be summarised for intracranial, gastrointestinal, and bleeding at other locations. This
safety analysis approach will be used for all 3 objectives.

Sensitivity analyses

All primary and secondary efficacy outcomes described above (stroke/SE combined and individually, MI, and
mortality) will also be analysed using the supportive censoring scheme described above in which patients are
censored around the time of last study drug. This analysis targets the effect of initiation of apixaban vs initiation or
continuation of warfarin on the time to event while on prescribed treatment and investigates whether the extent of
treatment discontinuation compromises confidence in the primary and secondary efficacy analyses.

The exclusion of patient-time post initially prescribed treatment discontinuation in the safety and sensitivity analyses
might bias the results towards a conclusion of no difference!", for example if those at higher bleeding risk were
more likely to discontinue one of the treatment arms due to minor bleeding events than if those same minor
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bleeding events occurred with the other treatment. The set of patients who switch or discontinue treatment during
the study period will be examined to ascertain whether biases of this nature have occurred. The proportion of
patients switching or discontinuing treatment, timings of withdrawal, and their baseline characteristics will be
summarised by initially prescribed treatment.

Additional analyses may be performed using methods such as inverse-probability-of-censoring weighting or a rank-
preserving structural failure time model to estimate the treatment effect that would have been observed in the
absence of treatment switching.

We expect different adherence in routine clinical practice compared with the trial adherence may explain some of
the difference in treatment effect observed between routine clinical care and the trial. Adherence will therefore be
estimated in the EHR cohort to enable comparisons with the trial and investigate the extent to which this may have
influenced differences in treatment effect. With the EHR data we do not know how many tablets a patient has taken
or if a given prescription is filled by a patient. We will estimate the proportion of time covered by prescribing as a
proxy measure for adherence; this proxy measure assumes that all prescriptions are filled and that a patient takes
all tablets in the prescription. This measure of adherence is not expected to accurately estimate the adherence of a
given individual but should give an idea of how adherent a patient is compared with others. Prescribing for AF in the
UK is predominantly through GPs meaning prescribing information from other potential sources of treatment should
not be missing. However, it is possible that a patient's first prescription may be issued in hospital and treatment
prescribed during any periods of hospitalisation will not be recorded in a patient's EHR leading to missing exposure
data.

We will calculate the proportion of days covered (PDC) over a patient's time when on prescribed treatment as a
measure of adherence. PDC will be estimated using patient prescription data including the total number of tablets
prescribed, daily dose, and number of days on treatment (derived date of last dose — index date +1). This method
of estimating adherence cannot easily be used for warfarin due to daily dose being poorly recorded in EHR; in a
sample of CPRD Gold warfarin prescription records many patients had dose recorded with noninformative text such
as “take as directed”. Depending on the quality of the prescription data warfarin adherence may instead be
estimated by looking at patient adherence to other long-term daily medications as a proxy for warfarin adherence;
the reliability of this measure would then be explored by comparing this proxy measure in the apixaban users with
the PDC calculated directly using the apixaban prescription data.

For warfarin patients INR control will be assessed as a measure of adherence. We will look at INR values to
calculate percent Time INR in Therapeutic Range (TTR) where the therapeutic range is 2.0 to 3.0 inclusive.
Proportion of time in each INR interval will be calculated using Rosendaal’s method. INR is influenced not only by
patient adherence to the drug but also by other factors such as diet, alcohol intake, and drug interactions. The
ability of a patient to comply with the lifestyle adjustments necessary to maintain INR control on a given warfarin
dose may be considered as factors of warfarin treatment adherence. Patient INR control can therefore be used as a
measure of overall warfarin treatment regime adherence.

We will perform a supplementary analysis comparing time to event while on treatment in patients deemed to have
adequate proportion of time on therapeutic dose (adherent). We will also perform an exploratory subgroup analysis
by INR TTR using TTR categories based on the TTR distribution.

P. Plan for addressing confounding

In the EHR cohort study period apixaban was a newly available treatment for the indication of interest leading to the
possibility of channelling bias. The analysis cohort in this study is derived from observational data meaning there is
likely to be confounding. To handle confounding for all objectives the treatment arms will be matched using the
optimal method selected, for example by propensity score matching or coarsened exact matching. For objective 1
by applying the trial inclusion and exclusion criteria to both treatment cohorts and matching using the baseline
covariates we should avoid channelling bias. It is possible that unmeasured or unknown confounding may remain
and this will be explored and discussed in the analysis of the results.
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Q. Plans for addressing missing data

Missing Baseline Data

UK EHR data have been shown to be almost complete for drug prescribing and information on important
comorbidity are well recorded. The following variables used for matching may have missing data: weight and BMI,
baseline systolic blood pressure, renal function, smoking status, and alcohol intake. Smoking increases the risk of
stroke; we therefore anticipate that AF patients are likely to have been asked about their smoking status by their
GP. A study comparing performance of ATRIA, CHADS2, and CHA2DS2-VASc risk scores in predicting stroke in
patients with AF using CPRD data linked with HES found 6% of patients had smoking status not recorded'2. Alcohol
use can trigger AF symptoms so we also expect that hazardous alcohol intake will be recorded in some cases.
Where there are missing data on the baseline characteristics used for matching different approaches will be taken
depending on the variable in question. In some cases, such as for renal function and alcohol intake, a patient is
more likely to have no data entered if there is no overt clinical evidence of abnormality; in such cases we may take
a pragmatic approach and use a simplified version of the variable such as categorising into a binary parameter
(“evidence of high alcohol” vs “no evidence of high alcohol intake”) with those with no data included in the “no
evidence of” groups. For BMI and SBP we cannot assume the data are missing at random as we expect that a
patient is less likely to be weighed if they appear to be of healthy weight and is less likely to have blood pressure
recorded if they do not have hypertension. Patients with missing BMI or SBP will therefore be excluded from the
trial-eligible cohort. The number and proportion of patients with missing data for baseline variables will be
summarised and the methods used to deal with the missing data described.

Missing Prescription Data

Treatment may be initiated in secondary care meaning the first prescription of patients newly initiating treatment is
missing. To account for these potentially missing first prescriptions we will perform a sensitivity analysis where
those newly initiating treatment are assumed to have a missing earlier prescription and therefore assigned an
earlier derived index date. Patients who are hospitalised may also have prescriptions issued in secondary care
leading to treatment gaps seen in their primary care prescription data. The primary analysis using the Prescribed
Population will not be affected by such gaps as patient time is included until the patient is censored or experiences
an event regardless of treatment gaps. The supplementary analysis using the On-treatment Population and the
safety analysis censor at derived date of last dose and may therefore miss events whilst a patient was on treatment
in hospital. We will investigate the occurrence of hospitalisation around treatment discontinuation and assess the
potential impact on the results of such missed events by performing a sensitivity analysis with different extended
derived dates of last dose (extending the final period to 60 or 90 days after the final prescription estimated end).

Missing Outcome Data

The problem of missing data on the outcome events will be addressed by performing a sensitivity analysis repeating
the primary analysis on the ONS and HES-linked cohort. The linked cohort will be assembled by restricting the trial-
eligible cohort to the patients with ONS-linked and HES-linked data prior to matching. Occurrence of events and
detail of events (such as type of stroke) is expected to be better recorded in the linked cohort.

R. Patient or user group involvement (if applicable)
Patients have not been involved in the setting of this study question. However we will consult with patient groups
and relevant charities in communicating the findings of the study.

S. Plans for disseminating and communicating study results, including the presence or absence of any
restrictions on the extent and timing of publication
The study protocol will be submitted for publication in BMJ Open. The results of the study will be submitted to peer
reviewed journals and will be presented at conferences such as the International Society of Pharmacoepidemiology
conference. Results will also be published on the London School of Hygiene and Tropical Medicine website and in
the PhD thesis of the principal investigator. Results that may impact on treatment guidelines will be shared with
policy makers such as the Medicines and Healthcare products Regulatory Agency and the National Institute for
Health and Care Excellence.

Conflict of interest statement:
The principal investigator (PI) is funded by a UK Medical Research Council PhD studentship.
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T. Limitations of the study design, data sources, and analytic methods

Some of the criteria that should be assessed for ARISTOTLE eligibility may not be well recorded in CPRD. Criteria
such as “increased bleeding risk” are vague and it is not clear exactly which Read codes should be included and
time scale considered. Other criteria such as alcohol and drug abuse may not be captured for all patients in CPRD.
These limitations are consistent with our aim to select a population as similar as possible to the ARISTOTLE trial
population with the acknowledgment that differences will remain. The most important risk factors for the primary
outcome of stroke (the components of the CHA2DS2-VASc score for AF stroke risk of age, sex, history of
congestive heart failure, hypertension, stroke/TIA history, vascular disease history, and diabetes) are mostly well
recorded in CPRD".

There are differences in the coding systems used by the two datasets and it is possible that the completeness of
coding differs between the two. The potential impact of the different coding systems and completeness of coding
will be ascertained by comparisons of the rates of diagnoses, events, baseline variables (such as smoking status,
alcohol use, lab values, and vital signs), and prescriptions of interest. Including the data source (Gold or Aurum) as
one of the matching variables should prevent discrepancy between the two datasets from biasing the results.

The main focus of the study is the validation of our methodology through assembling a cohort of patients
comparable to the patients included in ARISTOTLE and finding similar results to the trial. Criteria to determine the
success of the methodology have been pre-specified in the protocol. Given the use of CPRD data to determine
treatment effectiveness is not yet well established, a finding that these data are not suitable to answer questions on
intended effectiveness will be a useful conclusion.
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G573100 atrial flutter
G573200 paroxysmal atrial fibrillation
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G573z00 atrial fibrillation and flutter nos
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S3 Supplementary Material for Paper 2
Table A1: ARISTOTLE Inclusion and Exclusion Criteria Applied to CPRD Aurum

Criteria

Implementation Rule and Notes

ARISTOTLE inclusion criteria applied to cohort

1. Age>18 years Day and month of birth not available therefore calculate age by assuming
birthdate=01-July-birthyear.

2. Diagnosis of atrial fibrillation or atrial flutter

3. One or more of the following risk factor(s) for stroke:

a) Age 75 years or older

b) Prior stroke, transient ischemic attack or systemic
embolus

¢) Symptomatic congestive heart failure within 3 months or
left ventricular dysfunction with an left ventricular
ejection fraction (LVEF) <40%

If patient has medical record corresponding to congestive heart failure or
left ventricular dysfunction diagnosis on or prior to index date.

d) Diabetes mellitus

e) Hypertension requiring pharmacological treatment

ARISTOTLE Exclusion criteria applied to cohort

1. Atrial fibrillation or flutter due to reversible causes (e.g.
thyrotoxicosis, pericarditis)
2. Clinically significant (moderate or severe) mitral stenosis Clinical significance not recorded therefore assume if there is a record of
mitral stenosis condition is clinically significant.
3. Increased bleeding risk that is believed to be a
contraindication to oral anticoagulation (e.g. previous
intracranial hemorrhage)
4. Conditions other than atrial fibrillation that require chronic
anticoagulation (e.g. prosthetic mechanical heart valve)
5. Persistent, uncontrolled hypertension (systolic blood pressure | If patient has at least 2 blood pressure readings over the limit in 6 months
> 180 mm Hg, or diastolic blood pressure > 100 mm Hg) prior to index date OR code (within 180 days prior to index date) indicating
uncontrolled hypertension.
6. Active infective endocarditis
7. Required treatment with aspirin > 165 mg/day
8. Simultaneous treatment with both aspirin and a

thienopyridine (e.g., clopidogrel, ticlopidine)
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Criteria

Implementation Rule and Notes

9. Severe comorbid condition with life expectancy of < 1 year

10. Active alcohol or drug abuse, or psychosocial reasons that Drug or alcohol abuse or any complications of abuse, conditions involving
make study participation impractical an impaired mental state (dementia including subtypes such as

Alzheimer’s), severe mental health conditions (schizophrenia, psychosis,
bipolar).

11. Recent ischemic stroke (within 7 days)

12. Severe renal insufficiency (serum creatinine > 2.5 mg/dL or a | Lab result of serum creatinine > 2.5 mg/dL or calculated creatinine
calculated creatinine clearance < 25 mL/min clearance < 25 mL/min within 90 days prior to index date OR code

corresponding to severe renal insufficiency (chronic kidney disease stage 4
or 5, dialysis).

13. ALT or AST >2X ULN or a Total Bilirubin > 1.5X ULN Lab result showing ALT or AST >2X ULN or a Total Bilirubin > 1.5X
(unless an alternative causative factor [e.g., Gilbert’s ULN within 90 days prior to index date (AND no diagnosis of Gilbert’s
syndrome] is identified) syndrome).

14. Platelet count < 100,000/ mm? Lab result showing platelet count < 100,000/ mm® within 90 days prior to
index date OR a medical record of thrombocytopenia within 90 days prior
to index date.

15. Hemoglobin <9 g/dL Lab result showing hemoglobin < 9 g/dL within 90 days prior to index date.

16. Inability to comply with INR monitoring Evidence of drug or alcohol abuse, impaired mental state, severe mental
health conditions; excluded by excl criteria number 10

17. Women of child bearing potential unwilling or unable to use | Exclude women with codes relating to pregnancy, childbirth, antenatal or

an acceptable method to avoid pregnancy, women who are
pregnant or breastfeeding

postnatal care, or breastfeeding in the 3 years prior to index date.

ALT=alanine aminotransferase; AST=aspartate aminotransferase; CPRD=Clinical Practice Research Datalink; INR=international normalised ratio; ULN =
upper limit of normal.
Note: For exclusion numbers 12-15 involving lab results a pragmatic approach was taken in which a patient was assumed not to have the exclusion criteria if
there was no lab result available in the 90 days prior to index date and the latest available lab result prior to index date did not meet the criteria.
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Description of modified coarsened exact matching in step 2: selection of apixaban trial-
analogous patients:

A modified form of coarsened exact matching was used in which subgroups of patients were
constructed based on sex, age group, prior vitamin K antagonist (VKA) exposure, CHADS, score
(stroke risk factor score based on Congestive heart failure, Hypertension, Age > 75 years, Diabetes,
prior Stroke), stroke risk factors, and renal function category. Combining the sources of information
on the ARISTOTLE patient characteristics allowed us to derive simultaneous equations relating to
combinations of these subgroups which could result in a baseline distribution identical to that
observed in the apixaban arm of the trial; the equations were then solved numerically giving a range
of possible solutions.

Random sampling appropriate numbers of patients from these subgroups resulted in an apixaban
ARISTOTLE-analogous cohort of 9,120 patients with similar baseline characteristics to ARISTOTLE
participants at the point of randomisation.

Matching Feasibility

Ethnicity was limited by the pool of patients available in CPRD. We chose not to match to the trial on
concomitant medications as treatment guidelines differ between countries; furthermore since oral
anticoagulant (OAC) users in CPRD Aurum were matched on the stroke risk factors which are the
indications for these medications, the CPRD Aurum cohort should represent typical prescribing for
the trial-analogous cohort in the UK given this baseline distribution of risk factors.

Description of selection of prevalent users in Step 3: matching of apixaban trial-analogous
patients to warfarin trial-eligible patients in CPRD

Continuing warfarin users in the VKA-experienced strata could be eligible for matching to the
switchers to apixaban at multiple different index dates. The method for selection of index date of
continuing warfarin users was not specified in the pre-published study protocol to allow testing of
prevalent new user design-type methods applied to this data setting and for the objective of trial
emulation. The prevalent new user design proposed by Suissa in 2017 [1] was designed to avoid the
introduction of selection bias when including prevalent users; this method was unsuitable to the
objective due to problems with the model convergence and complexity in constructing suitable
propensity score models prior to application of the eligibility criteria.

The Webster-Clark method of sampling prevalent users was employed as detailed in Figure 1, with an
adaptation to check exclusion criteria at the point of sampling, initially sampling 5 continuing
warfarin users per switcher to apixaban before increasing the sample size to 10 continuing warfarin
users per switcher. This method has been show in a simulation study to allow inclusion of prevalent
users without introducing selection bias (Webster-Clarke 2022 [2]). The adaptation of checking
exclusion criteria at the sampling stage and dropping patients from the pool of continuing warfarin
users should they not be eligible at the sampled index date serves the purpose of emulating the process
of screening into a randomised controlled trial (RCT).

During the sampling procedure switchers from warfarin to apixaban were taken in order of duration of
prior VKA treatment history and for each switcher a sample of 10 continuing warfarin users were
selected having equivalent prior VKA exposure to the switcher.
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Table A2: Efficacy Outcomes Results from ARISTOTLE

Apixaban Group
(N=9,120)
Patients Event
with Event Rate
Outcome no. %lyr
Primary outcome: stroke or systemic 212 1.27
embolism
Stroke 199 1.19
Ischemic or uncertain type of stroke 162 0.97
Hemorrhagic stroke 40 0.24
Systemic embolism 15 0.09
Key secondary efficacy outcome: death from 603 3.52
any cause
Other secondary outcomes
Stroke, systemic embolism, or death from 752 4.49
any cause
Myocardial infarction 90 0.53
Stroke, systemic embolism, myocardial 810 4.85
infarction, or death from any cause
Pulmonary embolism or deep-vein 7 0.04
thrombosis

Cl=confidence interval ; no.=number; yr=year.

Warfarin Group
(N=9,081)

Patients Event
with Event Rate
no. %lyr
265 1.60
250 1.51
175 1.05

78 0.47

17 0.10
669 3.94
837 5.04
102 0.61
906 5.49

9 0.05

Hazard Ratio
(95% CI)
0.79 (0.66,0.95)

0.79 (0.65,0.95)
0.92 (0.74,1.13)
0.51 (0.35,0.75)
0.87 (0.44,1.75)
0.89 (0.80,0.998)

0.89 (0.81,0.98)

0.88 (0.66,1.17)
0.88 (0.80,0.97)

0.78 (0.29,2.10)

ref: C B. Granger et al. Apixaban versus Warfarin in Patients with Atrial Fibrillation. N Engl J Med

2011; 365:981-992, doi: 10.1056/NEJMoal107039 [3]

310



Table A3: Effectiveness Outcomes Results in the CPRD Aurum ARISTOTLE-analogous Cohort

CPRD Aurum ARISTOTLE-analogous Apixaban Group
Cohort (N=8,846)
Patients
with Event
Event Person Rate
Outcome no. years  %/yr
Primary outcome: stroke or systemic 201 15790 1.27
embolism
Stroke 173 15810 1.09
Ischemic or uncertain type of stroke 145 15822 0.92
Hemorrhagic stroke 34 15928 0.21
Systemic embolism 30 15920 0.19
Key secondary efficacy outcome: death from 697 15942 4.37
any cause
Other secondary outcomes
Stroke, systemic embolism, or death from 846 15790 5.36
any cause
Myocardial infarction 125 15837 0.79
Stroke, systemic embolism, myocardial 934 15689 5.95
infarction, or death from any cause
Pulmonary embolism or deep-vein 44 15910 0.28
thrombosis
Apixaban Group
TTR <0.75 (N=4,486)
Patients
with Event
Event Person Rate
Outcome no. years  %/yr
Primary outcome: stroke or systemic 108 7917 1.36
embolism
Stroke 90 7930 1.13
Ischemic or uncertain type of stroke 75 7936  0.95
Hemorrhagic stroke 18 7988 0.23
Systemic embolism 18 7982 0.23
Key secondary efficacy outcome: death from 404 7996 5.05
any cause
Other secondary outcomes
Stroke, systemic embolism, or death from 483 7917 6.10
any cause
Myocardial infarction 70 7937 0.88
Stroke, systemic embolism, myocardial 532 7861 6.77
infarction, or death from any cause
Pulmonary embolism or deep-vein 23 7979 0.29

thrombosis

Warfarin Group
(N=8,846)
Patients
with Event
Event Person Rate
no. years  %/yr
250 19432 1.29
216 19472 1.11
157 19507 0.80
65 19602 0.33
35 19600 0.18
824 19640 4.20
993 19432 5.11
150 19496 0.77
1091 19296 5.65
81 19561 0.41
Warfarin Group
(N=4,486)
Patients
with Event
Event Person Rate
no. years  %/yr
142 9670 1.47
122 9693 1.26
91 9715 0.94
35 9774 0.36
21 9775 0.21
516 9798 5.27
610 9670 6.31
95 9702 0.98
670 9580 6.99
38 9757 0.39

Hazard Ratio
(95% CI)
0.98 (0.82,1.19)

0.99 (0.81,1.21)
1.13 (0.90,1.41)
0.67 (0.44,1.01)
1.01 (0.61,1.66)
1.03 (0.93,1.14)

1.04 (0.95,1.14)

1.01 (0.80,1.28)
1.04 (0.96,1.14)

0.65 (0.45,0.94)

Hazard Ratio
(95% CI)
0.91 (0.73,1.14)

0.90 (0.70,1.14)
1.00 (0.76,1.32)
0.63 (0.38,1.04)
1.00 (0.55,1.83)
0.94 (0.84,1.06)
0.95 (0.85,1.06)

0.87 (0.66,1.16)
0.95 (0.85,1.05)

0.73 (0.46,1.16)
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Apixaban Group
TTR >0.75 (N=4,360)
Patients
with Event
Event  Person Rate

Outcome no. years  %/yr
Primary outcome: stroke or systemic 91 7881 1.15
embolism

Stroke 80 7890 1.01

Ischemic or uncertain type of stroke 67 7896 0.85

Hemorrhagic stroke 16 7944 0.20

Systemic embolism 12 7942 0.15
Key secondary efficacy outcome: death from 298 7951 3.75
any cause
Other secondary outcomes

Stroke, systemic embolism, or death from 366 7881 4.64
any cause

Myocardial infarction 53 7905 0.67

Stroke, systemic embolism, myocardial 406 7837 5.18
infarction, or death from any cause

Pulmonary embolism or deep-vein 19 7938 0.24
thrombosis

Warfarin Group

(N=4,360)
Patients
with

Event Person

no. years
108 9761
94 9779
66 9792
30 9828
14 9825
308 9842
383 9761
55 9794
421 9715
43 9803

Event
Rate
%/yr

1.11

0.96
0.67
0.31
0.14
3.13

3.92

0.56
433

0.44

Hazard Ratio
(95% CI)
1.05 (0.82,1.34)

1.07 (0.82,1.39)
1.24 (0.92,1.68)
0.72 (0.43,1.21)
0.99 (0.51,1.93)
1.20 (1.04,1.37)

1.19 (1.05,1.34)

1.22 (0.88,1.70)
1.20 (1.06,1.35)

0.54 (0.35,0.84)

Cl=confidence interval; CPRD=Clinical Practice Research Datalink; no.=number; TTR=time in therapeutic

range; yr=year.

Note: time to event outcomes analysed using a Cox proportional hazards model with robust standard errors

stratified by prior vitamin K antagonist exposure status. Patients were censored at the earliest of (outcome event,
death, transfer out of practice, last collection date, 2.5 years after the index date).
For the analysis by TTR inverse probability of treatment weighting was applied to the apixaban users targeting
the treatment effect in the warfarin users with TTR <0.75 and TTR >0.75.
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Table A4: Bleeding Outcomes and Net Clinical Outcomes Results from ARISTOTLE RCT

Apixaban Group Warfarin Group
ARISTOTLE RCT (N=9,088) (N=9,052)
Patients Patients
with Event Event Rate with Event Event Rate Hazard Ratio
Outcome no. %/yr no. %/yr (95% CI)
Primary safety outcome: ISTH major bleeding 327 2.13 462 3.09  0.69(0.60,0.80)
Intracranial 52 0.33 122 0.80 0.42 (0.30,0.58)
Other location 275 1.79 340 2.27 0.79 (0.68,0.93)
Gastrointestinal 105 0.76 119 0.86 0.89 (0.70,1.15)
Net clinical outcomes
Stroke, SE, or major bleeding 521 3.17 666 4.11 0.77 (0.69,0.86)
Stroke, SE, major bleeding, or death from 1009 6.13 1168 7.20 0.85 (0.78,0.92)
any cause

CI = confidence interval; ISTH=International Society on Thrombosis and Haemostasis; no. = number;
SE=systemic embolism; yr = year.

ref: C B. Granger et al. Apixaban versus Warfarin in Patients with Atrial Fibrillation. N Engl J Med 2011;
365:981-992, doi: 10.1056/NEJMo0al107039 [3]
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Table AS: Bleeding Outcomes and Net Clinical Outcomes Results in the CPRD Aurum

ARISTOTLE-analogous Cohort
CPRD Aurum ARISTOTLE-analogous
Cohort

Outcome
Primary safety outcome: major bleeding
Intracranial
Other location
Gastrointestinal
Net clinical outcomes
Stroke, SE, or major bleeding
Stroke, SE, major bleeding, or death from
any cause

TTR <0.75

Outcome
Primary safety outcome: major bleeding
Intracranial
Other location
Gastrointestinal
Net clinical outcomes
Stroke, SE, or major bleeding
Stroke, SE, major bleeding, or death from
any cause

TTR =0.75

Outcome
Primary safety outcome: major bleeding
Intracranial
Other location
Gastrointestinal
Net clinical outcomes
Stroke, SE, or major bleeding
Stroke, SE, major bleeding, or death from
any cause

Apixaban Group Warfarin Group
(N=8,846) (N=8,846)
Patients Patients
with Event with Event
Event Person Rate Event Person Rate
no. years  %/yr  no. years  %/yr
367 14998 245 486 17574 2.77
53 15291 0.35 89 17957 0.50
91 15234 0.60 114 17905 0.64
230 15116 1.52 302 17717 1.70
514 14890 3.45 631 17482 3.61
1005 14890 6.75 1121 17482 6.41
Apixaban Group Warfarin Group
(N=4,486) (N=4,486)
Patients Patients
with Event with Event
Event Person Rate Event Person Rate
no. years  %/yr  no. years  %/yr
199 7489 2.66 296 8353 3.54
28 7644 0.37 51 8605 0.59
49 7613 0.64 75 8567 0.88
127 7548 1.68 186 8447 2.20
277 7430 3.73 377 8299 4.54
565 7430 7.60 677 8299 8.16
Apixaban Group Warfarin Group
(N=4,360) (N=4,360)
Patients Patients
with Event with Event
Event Person Rate Event Person Rate
no. years  %/yr  no. years  %/yr
166 7479 2.22 190 9178 2.07
24 7616 0.32 38 9304 0.41
42 7588 0.55 39 9290 0.42
102 7538 1.35 116 9225 1.26
232 7417 3.13 254 9142 2.78
440 7417 5.93 444 9142 4.86

Hazard Ratio
(95% CI)
0.88 (0.77,1.00)
0.71 (0.51,1.00)
0.93 (0.70,1.22)
0.88 (0.74,1.04)

0.95 (0.84,1.06)
1.04 (0.96,1.13)

Hazard Ratio
(95% CI)
0.74 (0.63,0.86)
0.62 (0.41,0.92)
0.72 (0.52,0.99)
0.75 (0.61,0.91)

0.81 (0.70,0.93)
0.92 (0.83,1.02)

Hazard Ratio
(95% CI)
1.08 (0.90,1.30)
0.80 (0.52,1.24)
1.35(0.91,1.99)
1.07 (0.85,1.35)

1.13 (0.97,1.32)
1.22 (1.09,1.37)

Cl=confidence interval; CPRD=Clinical Practice Research Datalink; no.=number; SE=systemic embolism;

TTR=time in therapeutic range; yr = year.

Note: time to event outcomes analysed using a Cox proportional hazards model with robust standard errors

stratified by prior VKA exposure status. Patients were censored at the earliest of (outcome event, death, transfer
out of practice, last collection date, derived date of last exposure to index treatment).
For the analysis by TTR inverse probability of treatment weighting was applied to the apixaban users targeting
the treatment effect in the warfarin users with TTR <0.75 and TTR >0.75.
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Table A6: Effectiveness Outcomes Results in the CPRD Aurum ARISTOTLE-analogous Cohort

using the On-treatment Censoring Scheme

Outcome
Primary outcome: stroke or systemic
embolism

Stroke

Ischemic or uncertain type of stroke

Hemorrhagic stroke

Systemic embolism
Key secondary efficacy outcome: death from
any cause
Other secondary outcomes

Stroke, systemic embolism, or death from
any cause

Myocardial infarction

Stroke, systemic embolism, myocardial
infarction, or death from any cause

Pulmonary embolism or deep-vein
thrombosis

Apixaban Group
(N=8,846)
Patients

with Event
Event Person Rate
no. years  %/yr
196 15790 1.24
168 15810 1.06
141 15822 0.89
32 15928 0.20
30 15920 0.19
662 15942 4.15
809 15790 5.12
119 15837 0.75
894 15689 5.70
43 15910 0.27

Warfarin Group

(N=8,846)
Patients
with

Event Person

no. years
230 19432
198 19472
143 19507
61 19602
33 19600
715 19640
877 19432
133 19496
967 19296
73 19561

Cl=confidence interval; CPRD=Clinical Practice Research Datalink; no.=number; yr=year.

Note: time to event outcomes analysed using a Cox proportional hazards model with robust standard errors

Event
Rate
%/yr

1.18

1.02
0.73
0.31
0.17
3.64

4.51

0.68
5.01

0.37

Hazard Ratio
(95% CI)
1.04 (0.86,1.25)

1.04 (0.85,1.27)
1.19 (0.95,1.50)
0.67 (0.43,1.02)
1.07 (0.64,1.76)
1.12 (1.01,1.25)

1.12 (1.02,1.23)

1.08 (0.84,1.38)
1.12 (1.02,1.22)

0.70 (0.48,1.02)

stratified by prior VKA exposure status. Patients were censored at the earliest of (outcome event, death, transfer
out of practice, last collection date, derived date of last exposure to index treatment). These results should be
interpreted with caution given evidence of attrition bias in the warfarin arm.
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Table A7: Treatment Status of Apixaban and Warfarin Users in CPRD Aurum ARISTOTLE-

analogous Cohort during 2.5 years of Follow-up

Subject Disposition

n(%) unless otherwise specified

Treatment persistent

On treatment until end of 2.5 year follow-up

On treatment until death
On treatment until last collection date
On treatment until registration end

Stopped treatment

Switched treatment to alternative OAC

Apixaban
Warfarin
Other VKA
Dabigatran
Edoxaban
Rivaroxaban

Time on treatment in months, median (IQR)
Time to treatment switch in months,

median (IQR)

Apixaban
(N=8 846)

7785 (88.0)
3120 (35.2)

591 (6.7)
3629 (41.0)
445 (5.0)

519 (5.9)
542 (6.1)
N/A
149 (1.7)

0 (0.0)
88 (1.0)
94 (1.1)
211 (2.4)

23.2(12.2,30)
7.1(2.9,15.2)

Warfarin
(N=8 846)

6 805 (76.9)
5191(58.7)

607 (6.9)
575 (6.5)
432 (4.9)

596 (6.7)
1 445 (16.3)
480 (5.4)
N/A
14 (0.2)
156 (1.8)
60 (0.7)
735 (8.3)

30 (20.0,30)

12.9 (5.8,21.2)

CPRD=Clinical Practice Research Datalink; IQR=interquartile range; N/A = Not applicable;
n=number; OAC=oral anticoagulant; VK A=vitamin K antagonist.
Treatment persistence was ascertained using patient prescription data in CPRD Aurum with change in
oral anticoagulant or gaps between prescriptions exceeding 6 months defined as distinct treatment

periods.
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Table A8: Characteristics of Apixaban and Warfarin Users in CPRD Aurum ARISTOTLE-analogous Cohort by Treatment Persistence During 2.5

years of Follow-up.

Characteristic

Age — yr, median (IQR)

Female sex-no.(%)

Systolic blood pressure — mm Hg, median (IQR)
Weight — kg, median (IQR)

Prior myocardial infarction — no. (%)

Prior clinically relevant or spontaneous bleeding —
n0.(%)

History of fall within previous year — no. (%)
Prior use of vitamin K antagonist for >30
consecutive days — no. (%)

Qualifying risk factors

Age =75 yr —no. (%)

Prior stroke, TIA, or systemic embolism — no.
(%)

Heart failure or reduced left ventricular ejection
fraction — no. (%)

Diabetes — no. (%)

Hypertension requiring treatment — no. (%)

CHADS; score
Mean £+ SD
Distribution — no. (%)
0
1

Index treatment: Apixaban

Apixaban
persist
(N=7785)

71 (63-77)
2790 (35.8)

130 (120, 140)
85 (73, 100)

964 (12.4)
1383 (17.8)

123 (1.6)
4389 (56.4)

2439 (31.3)
1537 (19.7)

2696 (34.6)
1996 (25.6)
6752 (86.7)
21+1.1

45 (0.6)
2552 (32.8)

(N=519)

67 (57-76)

161 (31.0)

130 (120, 140)
85 (73, 99)

52 (10.0)
78 (15.0)

6(1.2)
242 (46.6)

149 (28.7)
73 (14.1)

169 (32.6)
123 (23.7)
441 (85.0)
19+1.1

6 (1.2)
221 (42.6)

(N=542)

72 (63-77)

193 (35.6)

130 (120, 140)
85 (74, 98)

74 (13.7)
72 (13.3)

8 (1.5)
313 (57.7)

182 (33.6)
101 (18.6)

187 (34.5)
124 (22.9)
469 (86.5)
21+1.1

1(0.2)
198 (36.5)

Index treatment: Warfarin

(N=6805)

71 (64-77)
2455 (36.1)

130 (120, 140)
85 (74, 99)

833 (12.2)
1142 (16.8)

91 (1.3)
4060 (59.7)

2141 (31.5)
1345 (19.8)

2340 (34.4)
1779 (26.1)
5908 (86.8)
21+1.1

41 (0.6)
2146 (31.5)

(N=596)

66 (57-75)

182 (30.5)

130 (120, 140)
85 (74, 99)

63 (10.6)
103 (17.3)

18 (3.0)
230 (38.6)

150 (25.2)
89 (14.9)

213 (35.7)
138 (23.2)
508 (85.2)
19+1.1

8 (1.3)
258 (43.3)

Apixaban stop Apixaban switch Warfarin persist Warfarin stop Warfarin switch

(N=1445)

70 (62-77)

553 (38.3)

132 (120, 140)
84 (73, 99)

178 (12.3)
262 (18.1)

22 (1.5)
654 (45.3)

449 (31.1)
275 (19.0)

469 (32.5)
358 (24.8)
1253 (86.7)
21+1.1

6 (0.4)
508 (35.2)
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Characteristic
2
>3

Medications at index date — no. (%)
ACE inhibitor or ARB
Amiodarone
Beta-blocker
Aspirin
Clopidogrel
Digoxin
Calcium blocker
Statin
Nonsteroidal antinflammatory agent
Gastric antacid drugs
Proton pump inhibitor
Ha receptor antagonist

Renal function, creatine clearance — no. (%)
Normal, >80 ml/min
Mild impairment, >50 to 80 ml/min
Moderate impairment (>30 to 50 ml/min)
Severe impairment (le 30 ml/min)
Not reported

Other risk factors and covariates
Peripheral artery disease — no. (%)
Aortic plaque — no. (%)

Index treatment: Apixaban

Apixaban
persist
(N=7785)
2820 (36.2)
2368 (30.4)

4931 (63.3)
295 (3.8)
5388 (69.2)
440 (5.7)
204 (2.6)
1096 (14.1)
2650 (34.0)
4704 (60.4)
429 (5.5)
158 (2.0)
2677 (34.4)
249 (3.2)

3586 (46.1)

2941 (37.8)

1116 (14.3)
107 (1.4)
35 (0.4)

488 (6.3)
1846 (23.7)

(N=519)
159 (30.6)
133 (25.6)

265 (51.1)
20 (3.9)
342 (65.9)
37 (7.1)
11 2.1)
68 (13.1)
148 (28.5)
234 (45.1)
28 (5.4)
11 2.1)
170 (32.8)

12 (2.3)

276 (53.2)
156 (30.1)
74 (14.3)
10 (1.9)
3 (0.6)

26 (5.0)
112 (21.6)

(N=542)
178 (32.8)
165 (30.4)

333 (61.4)
21 (3.9)
353 (65.1)
37 (6.8)
14 (2.6)
68 (12.5)
167 (30.8)
292 (53.9)
30 (5.5)
11 (2.0)
205 (37.8)
20 (3.7)

236 (43.5)

210 (38.7)

86 (15.9)
9(1.7)
1(0.2)

38 (7.0)
139 (25.6)

Index treatment: Warfarin

(N=6805)
2554 (37.5)
2064 (30.3)

4370 (64.2)
238 (3.5)
4690 (68.9)
413 (6.1)
162 (2.4)
989 (14.5)
2340 (34.4)
4141 (60.9)
345 (5.1)
135 (2.0)
2342 (34.4)
189 (2.8)

3076 (45.2)

2572 (37.8)

1026 (15.1)
100 (1.5)
31 (0.5)

401 (5.9)
1582 (23.2)

(N=596)
173 (29.0)
157 (26.3)

323 (54.2)
25 (4.2)
374 (62.8)
49 (8.2)
11(1.8)
80 (13.4)
161 (27.0)
291 (48.8)
35 (5.9)
9(1.5)
210 (35.2)
11(1.8)

304 (51.0)

189 (31.7)

89 (14.9)
8 (1.3)
6 (1.0)

38 (6.4)
126 (21.1)

Apixaban stop Apixaban switch Warfarin persist Warfarin stop Warfarin switch

(N=1445)
512 (35.4)
419 (29.0)

880 (60.9)
59 (4.1)
967 (66.9)
95 (6.6)
42 (2.9)
175 (12.1)
493 (34.1)
796 (55.1)
99 (6.9)
36 (2.5)
552 (38.2)
50 (3.5)

694 (48.0)

531 (36.7)

191 (13.2)
24 (1.7)
5(0.3)

99 (6.9)
349 (24.2)
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Characteristic
Smoking status — no. (%)
Non-smoker
Ex-smoker

Current smoker

Alcohol consumption — no. (%)
Non-drinker
Light drinker, up to 14 units per week
Moderate drinker, 15 to 42 units per week
Heavy drinker, more than 42 units per week

Socioeconomic status — no. (%)
England IMD2015 quintile 1(least deprived)
England IMD2015 quintile 2
England IMD2015 quintile 3
England IMD2015 quintile 4
England IMD2015 quintile 5(most deprived)

Ethnicity — no. (%)
White
Black
South Asian
East Asian
Mixed
Other
Unknown

Charlson comorbidity index components — no. (%)

Index treatment: Apixaban

Apixaban
persist
(N=7785)

2816 (36.2)
4321 (55.5)
648 (8.3)

2449 (31.5)
3672 (47.2)
1366 (17.5)

175 (2.2)

1974 (25.4)
1842 (23.7)
1509 (19.4)
1261 (16.2)
1199 (15.4)

7421 (95.3)
89 (1.1)
175 (2.2)
9(0.1)
19(0.2)
18 (0.2)
40 (0.5)

(N=519)

187 (36.0)
282 (54.3)
50 (9.6)

169 (32.6)
216 (41.6)
105 (20.2)

18 (3.5)

138 (26.6)
122 (23.5)
88 (17.0)
94 (18.1)
77 (14.8)

488 (94.0)
6(1.2)
14 (2.7)
1(0.2)
4(0.8)
3 (0.6)
2(0.4)

(N=542)

183 (33.8)
322 (59.4)
37 (6.8)

184 (33.9)
241 (44.5)
92 (17.0)
10 (1.8)

134 (24.7)
134 (24.7)
118 (21.8)
88 (16.2)
68 (12.5)

515 (95.0)
9(1.7)
15 (2.8)
0
2(0.4)
1(0.2)
0

Index treatment: Warfarin

(N=6805)

2461 (36.2)
3801 (55.9)
543 (8.0)

2204 (32.4)
3202 (47.1)
1149 (16.9)

138 (2.0)

1747 (25.7)
1551 (22.8)
1362 (20.0)
1108 (16.3)
1037 (15.2)

6512 (95.7)
80 (1.2)
134 (2.0)
13 (0.2)
19 (0.3)
14 (0.2)
23(0.3)

(N=596)

205 (34.4)
322 (54.0)
69 (11.6)

193 (32.4)
269 (45.1)
102 (17.1)

22 (3.7)

131 (22.0)
150 (25.2)
106 (17.8)
105 (17.6)
104 (17.4)

558 (93.6)
14 (2.3)
16 (2.7)

2(0.3)
2(0.3)
3(0.5)
1(0.2)

Apixaban stop Apixaban switch Warfarin persist Warfarin stop Warfarin switch

(N=1445)

498 (34.5)
822 (56.9)
125 (8.7)

445 (30.8)

672 (46.5)

264 (18.3)
44 (3.0)

353 (24.4)
356 (24.6)
291 (20.1)
252 (17.4)
193 (13.4)

1374 (95.1)
9 (0.6)
41 (2.8)
3(0.2)
7(0.5)
5(0.3)
1(0.1)
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Index treatment: Apixaban Index treatment: Warfarin

Apixaban
persist Apixaban stop Apixaban switch Warfarin persist Warfarin stop Warfarin switch
Characteristic (N=7785) (N=519) (N=542) (N=6805) (N=596) (N=1445)
Chronic obstructive pulmonary disease 990 (12.7) 71 (13.7) 77 (14.2) 847 (12.4) 81 (13.6) 213 (14.7)
Connective tissue disease 469 (6.0) 34 (6.6) 33 (6.1) 385 (5.7) 30 (5.0) 119 (8.2)
Peptic ulcer 356 (4.6) 19 (3.7) 36 (6.6) 284 (4.2) 26 (4.4) 83 (5.7)
Liver disease 61 (0.8) 5(1.0) 10 (1.8) 44 (0.6) 7(1.2) 10 (0.7)
Hemiplegia 22 (0.3) 1(0.2) 1(0.2) 13(0.2) 0 3(0.2)
Non-haematological Cancer 956 (12.3) 54 (10.4) 56 (10.3) 881 (12.9) 84 (14.1) 181 (12.5)
Haematological cancer 157 (2.0) 8 (1.5) 9(1.7) 128 (1.9) 13 (2.2) 22 (1.5)
BMI — kg/m?, median (IQR) 29 (26, 33) 29 (25, 33) 28 (25, 32) 29 (26, 33) 28 (25, 33) 29 (25, 33)
Time in therapeutic range, median (IQR) N/A N/A N/A 0.78 (0.68, 0.86) 0.69 (0.50, 0.81) 0.64 (0.49, 0.78)

ACE = angiotensin-converting enzyme; ARB = angiotensin-receptor blocker; BMI=body mass index; CHADS,=stroke risk factor score based on Congestive heart failure,
Hypertension, Age > 75 years, Diabetes, prior Stroke; CPRD=Clinical Practice Research Datalink; IMD2015= Index of Multiple Deprivation 2015; IQR=interquartile range;
mo.=number; SD=standard deviation; TIA=transient ischemic attack; yr=year.

Treatment persistence was ascertained using patient prescription data in CPRD Aurum with change in oral anticoagulant or gaps between prescriptions
exceeding 6 months defined as distinct treatment periods.

- ‘persist’ patients were those classified as staying on their index treatment during the 2.5 year follow-up period or until censoring

- ‘stop’ patients were those classified as having stopped their index oral anticoagulant treatment without evidence of any subsequent oral anticoagulant
exposure in their prescription data during the follow-up period or until censoring.

- ‘switch’ patients were those classified as having switched from their index oral anticoagulant treatment to an alternative oral anticoagulant during the
follow-up period or until censoring.
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Table A9: Effectiveness Outcomes Results in the CPRD Aurum ARISTOTLE-analogous Cohort
Using Later Study Start Date (01Jan2014)

Apixaban Group Warfarin Group
All Patients (N=8,753) (N=8,753)
Patients Patients
with Event with Event
Event Person Rate Event Person Rate Hazard Ratio
Outcome no. years %/yr  no. years %o/yr (95% CI)
Primary outcome: stroke or systemic embolism 197 15667 1.26 228 19291 1.18 1.06 (0.88, 1.28)
Stroke 171 15688 1.09 199 19322 1.03 1.06 (0.88, 1.28)
Ischemic or uncertain type of stroke 144 15697 0.92 143 19351 0.74 1.23 (0.99, 1.52)
Hemorrhagic stroke 32 15805 0.20 63 19435 0.32 0.65 (0.44, 0.94)
Systemic embolism 29 15791 0.18 32 19435 0.16 1.08 (0.66, 1.77)

Key secondary efficacy outcome: death from 656 15815 4.15 766 19466 3.94 1.05(0.95, 1.16)
any cause
Other secondary outcomes

Stroke, systemic embolism, or death from any 795 15667 5.07 912 19291 4.73 1.07 (0.97, 1.18)
cause

Myocardial infarction 118 15724 0.75 129 19341 0.67 1.13 (0.87, 1.46)

Stroke, systemic embolism, myocardial 876 15578 5.62 998 19173 5.21 1.07 (0.97, 1.18)
infarction, or death from any cause

Pulmonary embolism or deep-vein thrombosis 35 15787 0.22 60 19414 0.31 0.71(0.47,1.07)
Cl=confidence interval; CPRD=Clinical Practice Research Datalink; no.=number; yr=year.
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Table A10: Summary of Non-interventional Studies Comparing Apixaban and Warfarin in
Atrial Fibrillation Patients

Study Description Results Design differences compared to
our study
Our study CPRD Aurum linked | Stroke/SE 0.97
to HES and ONS, (0.83,1.13)
applied trial Ischemic or uncertain
inclusion/exclusion, stroke 1.11 (0.91,1.35)
matched trial on ICH 0.64 (0.46,0.89)
%VKA-experienced, | All-cause mortality 0.99
ITT as primary (0.91,1.09)
analysis.
Vinogradova | New users, Qresearch | Ischemic stroke 1.13 In new users alone, did not apply
Y etal 2018 | and CPRD Gold (0.89,1.44) trial criteria or match to the trial, and
[4] linked to HES and ICH 0.40 (0.25,0.64) excluded those with a history of the

ONS, 2011-2016.
Censored at treatment
stop or switch.
Primary prevention
study. Apixaban users
with AF N=10 601,
Warfarin users with
AF N=70 585.

All-cause mortality 1.31
(1.01,1.25)

Major bleeding 0.66
(0.54,0.79)

outcome event for the ischemic
stroke and VTE analyses.

Larsen et al

Danish databases,

Ischemic stroke/SE 1.08

Danish nationwide databases so may

2016 [5] IPTW, standard dose | (0.91,1.27) not be as applicable to UK clinical
apixaban only, ITT. All-cause mortality 0.79 | practice, used IPTW to balance
(0.70,0.88) covariates, did not match trial
baseline characteristics, excluded
patients on reduced-dose apixaban,
excluded prevalent users, average
follow-up 0.9 years in apixaban
users. Propensity model did not
include as many covariates as ours,
therefore possible lower risk of
death in apixaban compared with
warfarin group may be caused by
different baseline risk in warfarin
group vs apixaban users.
Li XS, etal | USclaims, 1:1 PSM, | Stroke/SE 0.67 In new users, in US claims data so
2017 [6] after PSM 38,470 (0.59,0.76) may not be as applicable to UK
warfarin and 38,470 Ischemic 0.67 clinical practice, used several of the
apixaban, 1 year (0.58,0.76) same criteria as ARISTOTLE and
follow-up, new users, | Hemorrhagic 0.70 had a large sample size with 38,470
some excl criteria (0.50,0.99) PSM pairs, on-treatment analysis.

similar to
ARISTOTLE,
censored at treatment
switch or treatment
stop+30 days

SE 0.46 (0.26,0.82)

9% had CHADS»=0 vs 0.6% in trial
11% on amiodarone (similar to trial

which had 11% whereas we only
had 4%)

Proietti et al
2018 [7]

Meta-analysis on real-
world use of apixaban
for stroke prevention
in AF.

Only 1 study from

For ‘regular or any
dose’ subgroup:

Any thromboembolic
event 0.77 (0.64,0.93)
Stroke 0.84 (0.69,1.01)

Systematic review and meta-analysis
with only 1 small study contributing
UK data.
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UK ICH 0.52 (0.44,0.61)
(Lee et al, n=53) Major bleeding 0.64
(0.51,0.80)

J Franklin et | Replication of Stroke/SE 0.68 In new users alone whereas our
al (protocol) | ARISTOTLE Using (0.61,0.76) study matches trial in proportion of
[8] US Claims Data VKA-experienced users, in US
S V Wang et | as part of the claims data so may not be as
al (results) Emulation of applicable to UK clinical practice,
2023 [9] Randomized Clinical does not match to the trial on

Trials with
nonrandomized
Database Analyses
(RCT-DUPLICATE
initiative)

baseline characteristics, uses as-
treated as primary analysis and ITT
secondary analysis, has a shorter
follow-up with maximum of 365
days, larger sample size than ours
(110,259 matched pairs in protocol)
and matches on a wider range of
covariates.

AF=atrial fibrillation; CPRD=Clinical Practice Research Datalink;

HES=Hospital Episode Statistics;

CHADS2=stroke risk factor score based on Congestive heart failure, Hypertension, Age > 75 years,
Diabetes, prior Stroke; ICH=intracranial haemorrhage; IPTW=inverse probability of treatment
weighting; ITT=intent to treat; ONS=Office of National Statistics; PSM=propensity score
matched/matching; SE=systemic embolism; UK=United Kingdom; US=United States; VK A=vitamin
k antagonist; VTE=venous thromboembolism.

323




Prediction of TTR in patients on warfarin missing TTR

To enable inclusion of patients with missing TTR in the analysis by TTR and attempt to
minimise the risk of selection bias the data from the patients with TTR data was used to
model TTR based on baseline variables (age, sex, BMI, smoking status, diabetes, congestive
heart failure, statins, ACEi or ARB, beta-blockers, digoxin, amiodarone, NSAIDs, PPI, prior
VKA exposure [naive, <6 months prior exposure, >= 6 months prior exposure], alcohol
consumption, IMD2015 5, renal function, COPD). INR values were restricted to the first
year after index date to attempt to minimise selection bias. Two models were trialled for
prediction: a mixed model modelling continuous TTR and a logistic regression model
modelling TTR categorised as high (TTR >= 0.75) or low (TTR < 0.75) with the model
successfully predicting the largest proportion of concordant pairs (observed TTR category vs
predicted category) selected. The model was used to predict TTR for the patients on warfarin
that were missing TTR thereby allowing all patients to be included in the analysis and

attempt to minimise the risk of selection bias.

Post hoc sensitivity analysis looking at prior INR control

Prior international normalised ratio (INR) control was not included in the propensity score models for
the VKA-experienced due to a high rate of missing prior INR data (missing for 34% in the apixaban
arm).

An exploratory post-hoc sensitivity including a prior INR control [categorised as missing INR/poor
INR control/good INR control] variable in the propensity score model for the 2 longer prior duration
strata was performed. The variable on prior INR control could not be included in the shorter duration
strata due to the high rate of missing data (approx. 70% missing in the apixaban shorter duration
treatment strata).

Categorisation of INR control was based on the NICE criteria which specifies:

“Reassess anticoagulation for a person with poor anticoagulation control, indicated by any of the
following:

- Two INR values higher than 5, or one INR value higher than 8 within the past 6 months.

Two INR values less than 1.5 within the past 6 months

- Time in therapeutic range (TTR) is less than 65%”
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Any patients meeting these NICE criteria based on their INR values in the 6 months prior to their
index date were categorised as ‘poor INR control’. Patients with INR values in the 6 months prior to
their index date that did not meet these criteria were categorised as ‘good INR control’ and any
patients missing or insufficient INR data to determine whether they met the criteria were categorised
as ‘missing INR’.

The post-hoc sensitivity analysis including this prior INR control variable in the propensity score
models gave results consistent with the primary results [Stroke/SE HR 95%CI 1.02 (0.86,1.21)].
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A3.2 Additional information for Chapter 5

Table A3.2.1: Results in the CPRD Aurum ARISTOTLE-analogous cohort with
minimum exposure requirement.

Apixaban Group Warfarin Group
(N=8,734) (N=8,734)
Patients Event Patients Event
with Event  Person Rate with Event Person Rate Hazard Ratio

Outcome no. years %/yr no. years %/yr (95% CI)
Primary outcome: stroke or systemic embolism 189 15689 1.20 237 19254 1.23  0.97 (0.83-1.13)

Stroke 166 15706  1.06 209 19283 1.08  0.97 (0.82-1.14)

Ischemic or uncertain type of stroke 135 15723 0.86 149 19327 0.77 1.11 (0.91-1.35)

Hemorrhagic stroke 37 15818 0.23 70 19394 0.36  0.64 (0.46-0.89)

Systemic embolism 25 15819 0.16 31 19413  0.16  0.98 (0.60-1.61)
Key secondary efficacy outcome: death from 652 15837 4.12 808 19443  4.16  0.99 (0.91-1.09)
any cause
Other secondary outcomes

Stroke, systemic embolism, or death from 795 15689  5.07 957 19254 497 1.02 (0.94-1.11)
any cause

Myocardial infarction 116 15735  0.74 105 19359 0.54 1.35(1.10-1.65)

Stroke, systemic embolism, myocardial 877 15590 5.63 1017 19174  5.30 1.06 (0.98-1.15)
infarction, or death from any cause

Pulmonary embolism or deep-vein 36 15809 0.23 79 19374 041  0.56 (0.39-0.78)
thrombosis

Note: time to event outcomes analysed using a Cox proportional hazards model with robust standard errors stratified by prior VKA exposure
status. Patients were censored at the earliest of (outcome event, death, transfer out of practice, last collection date, 2.5 years after the index
date).

Table A3.2.2: Safety results in the CPRD Aurum ARISTOTLE-analogous cohort with
minimum exposure requirement.

Apixaban Group Warfarin Group
All Patients (N=8,734) (N=8,734)
Patients Event Patients Event
with Event  Person Rate with Event  Person Rate Hazard Ratio

Outcome no. years %olyr no. years %olyr (95% CI)
Primary safety outcome: major bleeding 364 15057 242 491 17691 2.78  0.85 (0.76-0.96)

Intracranial 57 15328 0.37 95 18078  0.53  0.70(0.53-0.93)

Other location 85 15285 0.56 146 17998  0.81  0.67 (0.53-0.84)

Gastrointestinal 233 15160 1.54 272 17894  1.52  0.99 (0.86-1.14)
Net clinical outcomes

Stroke, SE, or major bleeding 492 14959  3.29 623 17613  3.54  0.91(0.83-1.01)

Stroke, SE, major bleeding, or death from 962 14959 6.43 1084 17613  6.15 1.03 (0.96-1.11)
any cause

Note: time to event outcomes analysed using a Cox proportional hazards model with robust standard errors stratified by prior VKA exposure
status. Patients were censored at the earliest of (outcome event, death, transfer out of practice, last collection date, derived date of last
exposure to index treatment).

Table A3.2.3 Results in the CPRD Aurum ARISTOTLE-analogous cohort by prior
VKA exposure strata

Apixaban  Warfarin
Event Rate Event Rate  Hazard Ratio P value for

%lyr %lyr 95% CI) interaction
Stroke or systemic embolism
Prior use of VKA 0.616
No (VKA-naive) 1.03 1.09 0.92 (0.68, 1.26)
Yes (VKA-experienced) 1.47 1.44 1.02 (0.81, 1.29)
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Apixaban  Warfarin
Event Rate Event Rate  Hazard Ratio P value for

%lyr %lyr 95% CI) interaction
Major bleeding
Prior use of VKA 0.417
No (VKA-naive) 2.01 2.42 0.81 (0.65, 1.02)
Yes (VKA-experienced) 2.79 3.04 0.91 (0.77, 1.08)
All-cause death
Prior use of VKA 0.914
No (VKA-naive) 2.94 2.81 1.04 (0.86, 1.26)
Yes (VKA-experienced) 5.49 5.34 1.03 (0.92, 1.16)

A3.2.4 Alternative Method - Coarsened Exact Matching

For the objective of the thesis relating to methods for trial emulation the eligible new users
were matched using coarsened exact matching as an alternative to propensity score matching.
Coarsened exact matching (CEM) was proposed as a monotonic imbalance bounding
matching method meaning the balance between the treatment groups is selected by the
researcher rather than repeatedly iterating a propensity score model and checking balance

with each model.

King describes the advantages of CEM as including the ability to adjust for one variable
having no impact on the imbalance of any other, the user having control over the degree of
model dependence, meeting the congruence principle, being robust to measurement error, and

well suited to combine with multiple imputation methods for missing data.

The selection of variables on which to match is more difficult in CEM when compared with
propensity score methods — whereas adding additional variables to a propensity score model
will not necessarily have a large impact on the sample size, adding variables to the subgroup
definition in CEM can greatly reduce the sample size. When applied to the task of RCT
replication propensity score methods (assuming no stratification or variables specified for
exact matching) work by balancing the included variables on aggregate whereas CEM aims

to balance at the individual patient level. Thus, CEM can be seen as emulating randomisation
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stratified by the variables included in the CEM subgroup definition as opposed to a simpler
randomisation process emulated by propensity score methods. An advantage of CEM is that
any variable included in the strata definition will define a subgroup balanced by all other
variables in the strata. In propensity score methods subgroups of sufficient sample size
relating to variables that were included in the propensity score model should on average be
balanced across the other variables in the model, however imbalance can arise if interactions
between variables have been omitted from the model or in cases of misspecification of the PS

model.

As well as selecting which subset of variables to include in the CEM subgroup definition, the
researcher must also decide how to combine different variables — for example whether to
combine multiple binary variables into summary score measures (such as by using a
comorbidity index or number of different concomitant medications). Grouping variables by
means of summary indices or use of ‘or’ conditions will significantly increase the resulting
sample size but is implicitly assuming that the components that have been combined will on
average balance out between the treatment groups (ie not necessarily balance at the individual

level).

To explore the suitability and performance of CEM in matching patients with AF eligible for
ARISTOTLE, different selections of subgroups were trialled with the resulting sample size
and balance displayed in table A7.1. Balance was assessed by means of standardised mean
differences of the baseline characteristics summarised in the ARISTOTLE emulation thereby
allowing a comparison with the performance of CEM against the propensity score matching
of the ARISTOTLE eligible new users presented in chapter 5. Patients with NVAF eligible
for OAC therapy have a range of different additional stroke factor combinations making this

a key aspect to vary; three approaches for matching the stroke risk factors between patients
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were trialled: firstly a ‘full matching’ approach requiring exact matching on all individual
components of CHA2DS>-VASc, secondly a ‘partial matching’ approach in which some of
the conditions were combined with ‘or’ logic (such as combining congestive heart failure
with reduced left ventricular ejection fraction, and combining the individual vascular risk
factors), and thirdly a derived risk score matching approach in which patients would be
matched on the CHA,DS>-VASc within age and sex subgroups. The third approach would
likely lead to the largest sample size but risked matching patients with different combinations
of stroke risk factors at the individual level. On top of the base structure of matching the
stroke risk factors, age, sex, and renal function, additional variables not balanced in the base
solutions relating to comorbidities, concomitant medications, and other characteristics were
added to the subgroup definitions.

Table A3.2.4 Sample size and balance using coarsened exact matching by
subgroup definition for the ARITOTLE-eligible new users in CPRD Aurum

Subgroup definition Sample size Balance

(number of

matched

pairs)
N/A - propensity score 18 684 Range [0.000, 0.032], 0.032 for aspirin, majority
matching of variables MSD<0.01
CEMI1: Age?, sex, CHF, LVEF, | 15391 Perfect balance for variables in the subgroup.
hypertension, diabetes, prior Other variables: 9 with MSD>=0.05, notably
stroke, prior TIA, prior SE, history of fall 0.077, ACEi or ARB 0.075, beta-
prior MI, PAD, aortic plaque, blocker 0.080, aspirin 0.217, digoxin 0.071
renal function
CEM2: CEM1 + aspirin 14 357 Perfect balance for variables in the subgroup.

Other variables: 8 with MSD>=0.05, notably
history of fall 0.072, ACEi or ARB 0.070, beta-
blocker 0.080, clopidogrel 0.061, digoxin 0.069,
NSAIDs 0.055, proton pump inhibitor 0.066

CEM3: CEM1 + aspirin, fall, 12,711 Perfect balance for variables in the subgroup.
beta-blocker, Other variables: 6 with MSD>=0.05, notably
ACE:i or ARB 0.066, clopidogrel 0.073, digoxin
0.063, NSAIDs 0.061, proton pump inhibitor
0.061, COPD 0.054

CEM4: CEM1 + charlson®, fall | 12 800 Perfect balance for variables in the subgroup.
Other variables: 8 with MSD>=0.05, notably
ACEi or ARB 0.066, beta-blocker 0.078, aspirin
0.219, digoxin 0.081

330



CEMS5: CEM1 + charlson®, fall, | 3 890 Perfect balance for variables in the subgroup.
medications Other variables: 8 with MSD>=0.05, notably

a: Exact age matched for patients aged >=65 years, 5-year bins used for patients aged<65 years.

b: Modified Charlson comorbidity index including those components not excluded by the eligibility
criteria and not already accounted for by the other variables included in the subgroup.

CEM = coarsened exact matching; MI = myocardial infarction; PAD = peripheral artery disease.

Table A3.2.4 shows the impact of different subgroup definitions using a ‘full matching’
approach for stroke risk factors requiring exact matching on all individual components of
CHA:DS»-VASc. Different ways of combining stroke risk factors are also possible such as a
‘partial matching’ approach in which some of the conditions could be combined with ‘or’
logic (such as combining congestive heart failure with reduced left ventricular ejection
fraction, and combining the individual vascular risk factors). A more relaxed exact matching
could involve use of derived risk score matching in which patients would be matched on the
CHA:DS>-VASc within age and sex subgroups. A more relaxed approach would likely lead
to the largest sample size but risks matching patients with different combinations of stroke

risk factors at the individual level.

Table A4.1 Baseline characteristics of the unmatched people in CPRD Aurum with AF
at increased bleeding risk prescribed apixaban

Apixaban

Characteristic (N=1853)
Age - yr, median (IQR) 80 (73-85)
Female sex-no.(%) 776 (41.9)
Systolic blood pressure - mm Hg, median (IQR) 131 (120-140)
Weight - kg, median (IQR) 79 (68-91)
Prior myocardial infarction - no. (%) 370 (20.0)
Prior clinically relevant or spontaneous bleeding — no.(%) 835 (45.1)
History of fall within previous year — no. (%) 85 (4.6)
Prior use of vitamin K antagonist for >30 consecutive days - no. (%) 653 (35.2)
Qualifying risk factors

Age > 75 yr - no. (%) 1311 (70.8)

Prior stroke, TIA, or systemic embolism - no. (%) 732 (39.5)

Heart failure or reduced left ventricular ejection fraction - no. (%) 684 (36.9)

Diabetes - no. (%) 551 (29.7)

Hypertension requiring treatment - no. (%) 1393 (75.2)
CHADS?2 score
Mean 29+1.4
Distribution - no. (%)

0 77 (4.2)

1 256 (13.8)

2 473 (25.5)
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Characteristic
>3
Medications at index date - no. (%)
ACE inhibitor or ARB
Amiodarone
Beta-blocker
Aspirin
Clopidogrel
Digoxin
Calcium blocker
Statin
Nonsteroidal antinflammatory agent
Gastric antacid drugs
Proton pump inhibitor
H2 receptor antagonist
Renal function, creatine clearance - no. (%)
Normal, >80 ml/min
Mild impairment, >50 to 80 ml/min
Moderate impairment (>30 to 50 ml/min)
Severe impairment (le 30 ml/min)
Not reported
Other risk factors and covariates
Peripheral artery disease - no. (%)
Aortic plaque - no. (%)
Smoking status - no. (%)
Non-smoker
Ex-smoker
Current smoker
Alcohol consumption - no. (%)
Non-drinker
Light drinker, up to 14 units per week
Moderate drinker, 15 to 42 units per week
Heavy drinker, more than 42 units per week
Socioeconomic status - no. (%)
England IMD2015 quintile 1(least deprived)
England IMD2015 quintile 2
England IMD2015 quintile 3
England IMD2015 quintile 4
England IMD2015 quintile 5(most deprived)
Ethnicity - no. (%)
White
Black
South Asian
East Asian
Mixed
Other
Unknown

Charlson comorbidity index components - no. (%)

Chronic obstructive pulmonary disease

Connective tissue disease

Peptic ulcer

Liver disease

Hemiplegia

Cancer

Haematological cancer
BMI - kg/m2, median (IQR)
Aneurysm or AVM
Haematuria
Gastrointestinal bleed

Apixaban
(N=1853)
1047 (56.5)

886 (47.8)
49 (2.6)
1176 (63.5)
93 (5.0)
75 (4.0)
231 (12.5)
505 (27.3)
1083 (58.4)
119 (6.4)
58 (3.1)
866 (46.7)
106 (5.7)

437 (23.6)

805 (43.4)

546 (29.5)
53 (2.9)
12 (0.6)

302 (16.3)
658 (35.5)

648 (35.0)
1081 (58.3)
124 (6.7)

766 (41.3)
761 (41.1)
197 (10.6)

21 (1.1)

488 (26.3)
449 (24.2)
406 (21.9)
272 (14.7)
238 (12.8)

1780 (96.1)
16 (0.9)
29 (1.6)

5(0.3)
1(0.1)
6(0.3)
8 (0.4)

363 (19.6)
182 (9.8)
175 (9.4)
21 (1.1)

12 (0.6)

392 (21.2)

82 (4.4)
27 (24-31)
802 (43.3)
343 (18.5)
467 (25.2)
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Characteristic

Haematological disorder
Gynaecological bleed

Prior intracranial haemorrhage
Ocular bleed

Gastrointestinal or brain tumour
Other prior bleed

Apixaban
(N=1853)
292 (15.8)
71 (3.8)
92 (5.0)
33(1.8)
36 (1.9)
192 (10.4)
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