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ABSTRACT
Introduction: Anticoagulants are arguably the most
important drug family of all, based on the frequency
and duration of their use, and the clinical importance
and frequency of benefits and harms. Several direct
acting oral anticoagulants (DOACs) have recently joined
warfarin for the treatment of atrial fibrillation, with a
resultant significant expansion in use of oral
anticoagulants (OACs). Our objectives are to compare
safety and effectiveness of DOACs versus warfarin in a
full population where anticoagulation management is
good and to identify which types of patients do better
with DOACs versus warfarin and vice versa.
Methods and analysis: This is a retrospective
cohort study of all adults living in British Columbia
who have a diagnosis of atrial fibrillation in hospital or
medical service data, and a first prescription for an
OAC. Coprimary outcomes are ischaemic stroke and
systemic embolism (benefit) and major bleeding
(harm). Secondary outcomes include net clinical
benefit (composite of stroke, systemic embolism,
major bleeds, myocardial infarction, pulmonary
embolism and death), drug discontinuation and
individual composite item occurrence. We will estimate
the effects of treatment in a 2-year follow-up period,
using time-to-event models with propensity score
adjustment to control confounding. Secondary
analyses will examine ‘as treated’ outcomes.
Ethics and dissemination: The protocol, data
creation plan, privacy impact statement and data
sharing agreements have been approved.
Dissemination is planned via conferences and
publications as well as directly to drug policy leaders.
Information on the overall comparative effectiveness
and safety of DOACs versus warfarin in a country with
high quality anticoagulation management, as well as
for vulnerable subgroups, will be an important addition
to the literature.

INTRODUCTION
Comparative effectiveness research (CER)
priorities of the Institute of Medicine have
highlighted the treatment of atrial fibrillation

and the comparative effectiveness of anticoa-
gulants as priority topics.1 This is because of
the widespread use of oral anticoagulants
(OAC), particularly in elderly populations,
their major benefit in preventing morbid
and fatal thrombotic events and their poten-
tial for major harm, which is largely bleed-
ing. Large rigorous randomised trials have
been critical to allowing direct acting oral
anticoagulants (DOACs) on to the market,
but have not settled whether their rapid
uptake in clinical practice, probable use in
patient groups beyond those included in the
trials, and use in countries where inter-
national normalised ratio (INR) monitoring
is relatively high quality generates similar
benefits and harms compared to warfarin.2–5

Currently more than 7 million prescrip-
tions are dispensed annually for OACs in
Canada.6 Warfarin is one of the most cost-
effective medications in current use, with a
68% reduction in stroke rates and a signifi-
cant decrease in all-cause mortality in atrial
fibrillation, at a negligible drug cost.7

Warfarin’s narrow therapeutic index, the
variability of its effect in some patients and

Strength and limitations of this study

▪ This population-based retrospective cohort study
minimises patient selection bias and prescribing
channelling bias while examining comparative
effectiveness and safety of oral anticoagulants.

▪ By linking patient-specific laboratory data, we
hope to add additional essential information to
determine predictors of outcomes.

▪ Although this is a large study of real-world
patients, confounders, particularly unmeasured
confounders, may create bias.

▪ The process of matching for purposes of com-
parative analysis leaves observational studies vul-
nerable to the loss of eligible patients.
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concern regarding drug and food interactions mandate
laboratory INR monitoring of its anticoagulant effect.7

The need for monitoring and dose adjustment is
reassuring to some patients and is the ‘gold standard’
adherence check for drugs, but burdensome for other
patients and for physicians. The DOACs are given in
fixed doses and do not require (or benefit from) INR
monitoring. Three of these, dabigatran, rivaroxaban and
apixaban, are now available in Canada. Within a year of
dabigatran launch in 2010, worldwide sales were esti-
mated at US$1 billion annually.8 However, by 2011 the
Institute for Safe Medication Practices (ISMP) and the
Food and Drug Administration (FDA) noted that dabiga-
tran was the leading cause of drug-related serious harm
and death reported to the FDA in 2011.9 10

Several critical issues, outlined below, may significantly
influence the relative effectiveness and safety of DOACs
compared to warfarin in real-world practice and poten-
tially produce different results than the pivotal trials.
Patient characteristics, several of which have not previ-
ously been available to study, may predict a better
benefit:harm ratio with warfarin versus DOACs or vice
versa. Analyses of these features will improve the appro-
priate tailoring of anticoagulant therapy to individual
patients.
The absolute (as opposed to relative) differences

between DOACs and warfarin are quite small with 95%
CIs ranging from 2 more to 8 fewer events per 1000
patients for stroke or systemic embolism, and 11 fewer to
6 more per 1000 for major bleeding.11 Consequently,
there are several reasons why the advantages of DOACs
might not be realised in usual clinical practice:
1. DOACs, especially dabigatran, are contraindicated in

patients with severe renal impairment because of
accumulating drug concentrations.12 Atrial fibrilla-
tion is primarily a disease of the elderly, older
patients are vulnerable to rapid decline in renal func-
tion, and patients with renal impairment are at sig-
nificantly higher risk of bleeding even without
anticoagulation.

2. DOACs have no marker (as the INR is for warfarin)
for their effectiveness, safety or adherence. In add-
ition, DOACs may produce more adverse symptoms
(eg, dabigatran and gastrointestinal symptoms) than
warfarin leading to undetected no-adherence. Finally,
all DOACs have relatively short half-lives, and missed
doses may have more impact on anticoagulation out-
comes. While patient adherence is closely monitored
in phase III clinical trials, monitoring in usual care is
much more variable.

3. Although antidotes are becoming available, their
absence left no reliable way to stop DOAC-associated
bleeding, and the antidotes will be very expensive
and restricted to hospital settings.13 Patient moni-
toring and follow-up is less vigilant in clinical prac-
tice compared to clinical trials, thus the outcomes
of bleeding may not be as favourable in usual
practice.

4. There are several DOACs available, each with separ-
ate dosages and dosing schedules depending on
patient age and risk factors. Doses for atrial fibrilla-
tion differ from those for other indications. This will
create confusion for prescribers, the vast majority of
whom do not specialise in this area, and may lead to
errors. Similarly, information on switching anticoagu-
lants, bridging with DOACs, follow-up intervals,
DOAC drug interactions, etc, is sparse.

5. Time in therapeutic range (TTR) for INR is a good
surrogate for warfarin safety and effectiveness.14

Study centres including Canadian centres, which
maintained good average TTRs, saw no significant
advantage to DOACs in clinical outcomes.15 It is
unclear whether routine clinical practice maintains a
good average TTR.
In summary, although the relative benefit:harm ratio

of the two comparators in usual clinical practice remains
uncertain, the importance of the outcomes is universal
and unequivocal. Stroke, systemic arterial emboli and
pulmonary emboli are frequently devastating and can be
fatal, and major bleeding carries a death rate of 10%
overall, 40% if intracranial.16 Cost-effectiveness and
budget impact are also ongoing issues, as DOACs are
much more expensive than warfarin. With the major
clinical concerns in mind plus the rapidly increasing
use of DOACs, there is an urgent and unmet need to
evaluate outcomes in real clinical practice.
Observational studies using population-based health

databases are increasingly used for CER because they
can rapidly analyse large sample sizes with relevant
outcome data across multiple comparators, entirely
based in actual clinical practice and without any ethical
concern about deliberate exposure to harm.2 17 Their
main disadvantage relates to bias associated with non-
random allocation, a bias now reduced with innovation
in methods of case selection, follow-up, analysis and
adjustment.18–20 Another essential component of com-
parative effectiveness and safety is the determination of
the patient characteristics that predict a superior
benefit:harm profile with one drug versus the other.
The linked healthcare databases of British Columbia

(BC), Canada, are unusual internationally, as they
include the entire population (∼4.7 million people).
These databases include medications dispensed at com-
munity pharmacies (excluding the 4% who are federally
insured), hospitalisations, medical services and vital sta-
tistics for BC residents.21 In addition, this study will
incorporate a novel patient-level laboratory link for
those laboratory results that are required to explain the
comparative effectiveness and safety of anticoagulants.
Previous studies comparing DOACs individually or as a
group versus warfarin have either suffered from a lack of
population-level data coverage (producing biased
results) or examine only one outcome (not comprehen-
sive).22–27

Our primary objectives for this study are as follows: (1)
to clarify the overall comparative effectiveness and safety
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of DOACs versus warfarin in clinical practice where high
quality is expected, (2) to compare and contrast our
results with the relevant phase III randomised trials and
(3) to identify the key predictors of superior effective-
ness and safety (which drug is better for which patients)
in vulnerable populations—predictors which are very
likely to include INR control quality in the warfarin
patients, remote location (probable lack of ready access
to INR testing), access to certain specialists and presence
of severe renal impairment.

METHODS AND ANALYSIS
Study design
The study will use a retrospective cohort design in which
the treatment effects of new use of DOACs compared to
warfarin are estimated, adjusted by propensity scores, for
residents with a diagnosis of atrial fibrillation. This will
allow us to preserve the population-based longitudinal data
collection advantages, minimise selection and confounding
biases and provide outcome data amenable to rapid clin-
ical interpretation (eg, time to event analysis, relative risks,
absolute risks, numbers needed to treat (NNT)).

Study cohort
The source population includes all BC residents aged
18 years or older, an estimated 3.6 million individuals.
Our access to BC data includes de-identified data
extracts from PharmaNet, Medical Services Plan billings
(physician payments), the hospital Discharge Abstract
Database (DAD), BC Vital Statistics death records and
LifeLabs laboratory data. All data are accessed once
appropriate approvals and payment are received, using
Population Data BC secure research servers.21 Our sam-
pling frame will be BC residents enrolled with the
Medical Services Plan during the 12 months before start-
ing an anticoagulant drug (index prescription). Eligibility
for inclusion in the cohort will be those with a diagnosis
of atrial fibrillation in hospital or medical services data
within the 36 months prior to the index prescription.

Anticoagulant exposure will be determined from dis-
pensed prescription database records, beginning 1
October 2010 and continuing until study end (details in
figure 1). New users of warfarin, dabigatran, rivaroxaban
and apixaban will be identified. To identify new users, a
look-back observation period of 12 months prior to the
index prescription date will be used and must indicate
no anticoagulant use during this period. The index date
will be defined as date of the new prescription for OAC.
Determination of exposure, as far as possible, will be
blinded to patient outcome.

Outcomes
The coprimary outcomes, chosen for their clinical
importance and their similarity to those in the pivotal
trials, will be ischaemic stroke and systemic embolism,
and major bleeding defined as bleeding requiring hospi-
talisation. Intracranial haemorrhage (ICH) will be
counted as part of major bleeding. Secondary outcomes
include: (1) net clinical benefit, defined as a composite
of ischaemic stroke, systemic embolism, major bleeds,
myocardial infarction, pulmonary embolism and death.
This composite was used in RE-LY and is a good
summary representation of clinically important benefit
and harm. All of these outcomes will be identified in
hospital DAD, or vital statistics data, and have been vali-
dated;28–32 (2) discontinuation using dispensing gap
analysis. Discontinuation is defined as a calculated gap
of more than 30 days in therapy and (3) the individual
clinical outcomes that are part of net clinical benefit
composite plus components of major bleeding (notably
ICH and gastrointestinal bleeding). By incorporating all
relevant serious events into the net clinical benefit, we
avoid the problem of competing risks.33

Data codes
Data codes are available in online supplementary
appendix 1 (available at our website https://rsjh.ca/
holbrook/CES-AC_Protocol_Appendices_Jun29_16.pdf).

Figure 1 Time frame definitions.
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Follow-up
Outcomes will be counted in a follow-up window to
24 months postindex prescription, death, exit from BC
or the end of the study window. We will censor follow-up
for death or departure from the province, but not clin-
ical outcomes, in order to gather information on the
clustering of important clinical events (eg, patient has a
bleed, discontinues warfarin, then has a vascular event
and dies).

Analysis plan
The primary analysis will be intention-to-treat, meaning
that if the index prescription is for warfarin, then any
outcome events are attributed to warfarin whether
switching occurs or not. This mimics the conservative,
recommended analysis in clinical trials. However, this
approach may underestimate benefit and harm, there-
fore a secondary ‘as-treated’ analysis will explore out-
comes based on actual treatment during follow-up.
Although both analyses occur after baseline confounders
are adjusted for, the as-treated analysis requires further
adjustments for measured time-varying confounding and
selection bias using inverse-probability weighting.34

Switching between anticoagulants will be further ex-
plored by examining comparative duration on each anti-
coagulant as well as switch frequency.
For the main analysis, the effects of treatment with the

use of DOACs versus warfarin will be estimated from
time-to-event models (Cox proportional hazards or
Poisson). Risk modifying effects such as age, sex, dose
and risk factors (including congestive heart failure,
hypertension, diabetes, prior stroke, prior major bleed,
renal or liver failure, interacting concomitant medica-
tions, alcohol abuse) will be evaluated using tests of
interaction. Tests of interaction will be used to identify
key subgroups in which warfarin may be better than
DOACs or DOACs better than warfarin, using the two
coprimary outcomes and net clinical benefit as defined
above. Models can simultaneously control for potential
confounders such as cardiovascular disease, rural/
remote location of residence, physician practice—all esti-
mated at index date (further details in online
supplementary appendix 1). Sample size is unlikely to
allow individual DOAC versus DOAC comparison, but
outcomes will be tabulated by individual drug.
Community-based outcome event rates and the RE-LY

trial suggest a coprimary outcome event rate of ∼12%
per year for warfarin versus 10% per year for
DOACs.3 35 Assuming conservatively that accrual extends
over 3 years and that patients have a minimum of 1 year
of follow-up, and that 67% of the sample is on warfarin,
an analysis based on outcomes at 1 year would require
6000 patients on warfarin and 3000 patients on DOACs
for 80% power. Since our analysis will be time-to-event
rather than using binary outcomes at 1 year, we expect
to have greater power than estimated.
Missing data, including missing laboratory results, are

represented as variables in the propensity score. All

analyses will be carried out using SAS. 95% CIs for the
estimates will be calculated, with two-tailed, p<0.05 con-
sidered significant. Absolute risk difference and NNT to
benefit or harm will be calculated. Analysis and report-
ing will be compliant with Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
recommendations.36

Control for confounding
New users of DOACs are likely to differ in several
characteristics from new users of warfarin. We expect
them to be younger and with less comorbidity. To control
for confounding, we will adjust estimates by age, sex and
propensity score. Propensity scores will be computed by
multiple logistic regression of the logit of the conditional
probability of allocation to warfarin versus any DOAC
(conditional on patient being a new user of either anti-
coagulant) regressed on potential confounders at base-
line. Among the variables considered will be sex, dose,
CHADS2 (Congestive heart failure, hypertension, age,
diabetes, stroke - 2 points) score, and HAS-BLED score
(hypertension, abnormal renal or hepatic function, pre-
vious stroke, bleeding, labile INR, age, drugs/alcohol),
other vascular events, concomitant medications, drug
plan coverage, remote location, neighbourhood income
quintile, physician specialty, haemoglobin and year of
cohort entry. We plan to evaluate conventional and high-
dimensional propensity scores, the latter estimated using
preselected and empirically chosen variables from medi-
cation, hospital and medical services data.37

Analyses of switching patterns, including the duration
of OAC exposure and the switching frequency, will be
treated as time-dependent confounders and controlled
by marginal structural modelling.38

ETHICS AND DISSEMINATION
Required ethics approvals from Hamilton Integrated
Research Ethics Board Application #16-643-C and UBC
Clinical Research Ethics Board Application #H13-00868,
and data sharing agreements with PopData-BC and
LifeLabs Medical Laboratory Services, have been
obtained prior to this study. Secure access and storage of
data and data linkage are governed by Population Data
BC. The necessary data access request templates, privacy
impact analyses and research service agreements are
complete.
Results will be published in a peer-reviewed journal

electronically and in print. They will also be disseminated
to the national drug plan managers and to the national
drug safety and effectiveness leaders. The study results
will be an important addition to the literature and for
policymakers for four main reasons: (1) the usage of the
DOACs has increased sharply since their launch adding
more than US$100 million annually to public plan drug
budgets in Canada, (2) their comparative efficacy and
safety in pivotal trials was near identical for countries
with high-quality warfarin management thus bringing
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cost-effectiveness into question, (3) the OACs overall are
a very high benefit/high harm class of drugs and (4) our
study using universal population coverage data will avoid
biases present in other real-world studies.
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