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Abstract
The goal of comparative effectiveness trials is to support the evidence-based choice
of treatments already in use. We describe the design of a stroke prevention trial
that compares the effectiveness of three target-specific oral anticoagulants: dabigatran,
rivaroxaban, and apixaban, for the treatment of nonvalvular atrial fibrillation and
atrial flutter. In the last four years, three randomized trials have been published
that compare these oral anticoagulants that are administered once or twice daily to
warfarin. Although the primary outcome of time-to-stroke or systemic embolism was
nearly identical in the three trials, there were considerable differences in inclusion and
exclusion criteria and there remains considerable uncertainty as to the optimal firstline strategy. There are also increasing concerns about the effectiveness and safety of
warfarin and the new oral anticoagulants outside of the trials, particularly in vulnerable
patients served by the Veterans Health Administration. These considerations have
led to the need for a pragmatic, point-of-care, multi-site clinical trial to compare the
effectiveness of the three oral anticoagulants. We describe herein the design of one
such trial in the VA Cooperative Studies Program and discuss enhancements of the
design using (a) midcourse modification of sample size and early stopping for futility,
(b) group sequential non-inferiority testing, (c) adaptive randomization that allows
elimination and addition of treatments, and (d) personalized treatment choice based
on baseline patient characteristics.
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Introduction

Atrial fibrillation and atrial flutter (AF, collectively) are abnormal heart rhythms of the
upper chamber of the heart. In the United States, AF is the second most common cardiovascular diagnosis after hypertension [1], affecting 2.3 million Americans. The prevalence
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of AF is 6% in Medicare-eligible Americans over age 65 [1], 10% over age 80 [2], and 5.08.3% in veterans [3]. Due to rising rates of obesity and hypertension in young adults,
the age-adjusted incidence of AF is increasing [4] and is therefore expected to affect more
veterans at younger ages.
AF increases the risk of stroke. The loss of coordinated electromechanical atrial activity predisposes to impaired atrial emptying, stasis of blood, and a prothrombotic state [5].
These factors cause blood clots to form in the heart and embolize systemically to cause
stroke or other organ failure [4, 6], which is the major cause of AF-related morbidity and
mortality. Among AF patients, the annual incidence of stroke is 4.5%. The estimated
annual direct and indirect cost of stroke in the US is $57.9 billion. Although there are
numerous treatment options for stroke reduction available to AF patients both inside and
outside the Veterans Health Administration (VHA), there is wide variation in the use of
any treatment in at-risk patients [7]. Among veterans receiving stroke prevention therapy,
there is also wide variation in treatment selection, in large part due to the uncertainty
surrounding the comparative effectiveness and safety of these agents. Until recently, warfarin has remained the mainstay of anticoagulation therapy. Safety and effectiveness of
warfarin is directly attributable to quality of anticoagulation, as determined by the time
within the therapeutic INR range of 2.0-3.0 (TTR). There is wide site-level variation in
TTR across the VA and INR monitoring frequency accounted for most of the variation,
with the highest variation in rural regions [8, 9].
In the last four years, three new target-specific oral anticoagulants (TSOACs) have
received approval in the United States and in many other countries for patients with AF:
dabigatran [10, the RE-LY trial], rivaroxaban [11, the ROCKET-AF trial], and apixaban
[12, the ARISTOTLE trial]. These fixed-dose agents, which inhibit thrombin (Factor II) or
Factor Xa, are administered once or twice daily and unlike warfarin, do not require routine
laboratory testing. Although the primary outcome of time to stroke or systemic embolism
was nearly identical in the pivotal trials for these three agents, there were considerable
differences in inclusion and exclusion criteria. For example, patients in the ROCKET-AF
trial [11] required prior stroke or higher stroke risk (CHADS2 score ≥ 3) for enrollment.
All three pivotal trials showed at least noninferiority compared to warfarin for prevention
of stroke and systemic embolism. All studies were superior to warfarin for reduction in
intracranial hemorrhage and fatal bleeding.
Despite these findings, which are described further in Section 2.3, there exists considerable uncertainty as to optimal first-line strategy in veteran and non-veteran patients, and
this has led to reluctance and restraint in national VA policy to direct anticoagulation.
For example, when dabigatran was first introduced on VA National Formulary, its use was
restricted to patients who failed warfarin therapy, despite the results of the RE-LY trial
[10]. There is also considerable uncertainty from a cost standpoint. Drug cost escalation
remains a major issue for VA Pharmacy Benefits and Management, and their strategies
are generally guided by curbing prescription costs when possible. On the other hand, pill
cost reduction may not be net cost saving if the effectiveness of the lower-priced therapy
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is worse. We have shown that when compared to warfarin, dabigatran is cost-effective in
non-valvular AF [13]; the results are consistent with other cost-effectiveness analysis for
US and non-US health care systems [14].
There are increasing concerns about the effectiveness and safety of warfarin and the
new oral anticoagulants outside of the trials, particularly in vulnerable patients served by
the VHA [15]. It has recently been demonstrated that, compared to white and other races,
black patients with AF and VA-managed warfarin have lower TTR and poorer warfarin
adherence, even though they tend to live closer to VA anticoagulation clinics (M Turakhia,
American Heart Association Scientific Sessions, 2013; manuscript in review). There is also
high variation in new oral anticoagulant adherence in the VA system. For example, the Palo
Alto VA data indicate that among patients initiated on dabigatran, adherence is improved
when initiation is managed for the first three months by the specialized anticoagulation
clinic (mean medication possession ratio of 0.93 vs. 0.88 among ACC managed and nonACC managed patients). Although this ratio may seem small, this would translate to
an increase in the hazard of stroke in the VA of 6.5% [16]. The VA does nationally
mandate a minimum of three months of anticoagulation clinic management for dabigatran
initiation. Even with such measures in place, there is still very wide variation in TSOAC
adherence across the VA. In summary, the comparative effectiveness and safety of these
three TSOACs are critically important to optimizing patient care in VA. This type of
comparative effectiveness trial is unlikely to be performed by any pharmaceutical company.
In Section 2, we describe the design of a pragmatic point-of-care clinical trial of the
three TSOACs which leverages the existing AF and anticoagulation care infrastructure in
the VA. Section 3 gives further discussion and describes some modifications, which are
currently under consideration, of the design to make it more efficient.

2

A POC comparative effectiveness trial for stroke
prevention in AF patients

In this section, we describe the design of a comparative effectiveness trial for stroke prevention in AF patients, currently being planned at the VA. One important design consideration is to mimic clinical practice as closely as possible in order to inform evidence-based
treatment choices at the VA. Since the required sample size to detect a small but clinically
meaningful difference in the primary outcome is very large, as shown in Section 2.4, feasibility and cost are two other important considerations in the trial design. The care structure
provided by the VHA can meet these design requirements because of: (1) a very large
number of patients with AF who meet eligibility; (2) high willingness of eligible patients
to participate; (3) established unified, national anticoagulation clinic care structure with
experience with TSOAC management; (4) availability of all three treatments on national
formulary (with no premium in copayments for veteran patients for any of these drugs
compared to warfarin or other drugs); (5) experience from the VA Cooperative Studies
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Program (CSP) in designing and conducting anticoagulation multi-site randomized clinical
trials.
This large-scale pragmatic clinical trial is being planned under the framework of pointof-care (POC) clinical trials [17], also referred to as clinically-integrated randomized trials
[18], with the following main features: (1) Subjects are identified and randomized at health
care encounter, therefore the study can include a broad range of patients and providers and
reflect the range and distribution of patients seen in clinical practice. (2) Once the patients
are enrolled and randomized in the study, there is minimal interference with the usual care,
in the sense that patients will continue to be treated and followed by their providers and
there is no or little research-only data collection. (3) The baseline and outcome data are
captured through electronic medical records (EMR). This eliminates the need to support
designated study personnel at each participating site to collect study data, which is a
major cost for traditional randomized clinical trials. The VHA has experience from the
VA Point-of-Care Program in planning and implementing pragmatic POC clinical trials.

2.1

Study objectives

The primary objective of this trial is to determine the comparative effectiveness of dabigatran, rivaroxaban and apixaban in veterans with VA-managed anticoagulation. The primary effectiveness outcome is the composite of stroke and systemic embolism, intracranial
hemorrhage and death. We hypothesize that rivaroxaban is more effective than dabigatran
and apixaban in reducing the combined risk of stroke and systemic embolism, intracranial
hemorrhage, and death. Secondary effectiveness outcomes include ischemic stroke or systemic embolism, death, and net clinical benefit, which is a weighted composite outcome
incorporating stroke or systemic embolism, intracranial hemorrhage, major hemorrhage,
and death [19, 20].
The secondary objectives are to determine the comparative safety and cost effectiveness
of the three anticoagulants. The primary safety outcome is fatal bleeding. We hypothesize that dabigatran is at increased risk of fatal bleeding compared to rivaroxaban and
to apixaban. Secondary safety outcomes include intracranial hemorrhage, major non-fatal
hemorrhage, fatal hemorrhage, and minor bleeding. Cost effectiveness evaluates the economic cost and budget impact in the VHA against the comparative effectiveness of the
three TSOACs.

2.2

Study population

The study population will consist of VA patients age 18 years or older with atrial fibrillation
or atrial flutter, with an indication for anticoagulation in the opinion of the patients’
provider(s), and with greater than minimal risk of stroke. Patients who are currently or
previously treated with warfarin (warfarin-experienced) will be allowed to enter into study,
as well as patients who have not previously been treated with warfarin (warfarin-naive).
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Table 1: Design and patient characteristics of the pivotal trials of three anticoagulants.

2.3

RE-LY
(Dabigatran)

ROCKET-AF
(Rivaroxaban)

ARISTOTLE
(Apixaban)

Sample size

18,113 (3 arms)

Trial design

open label

Mean age (yrs)
Male ratio
% Previous CVA
CHADS score
%0–1
%≥ 3

71.5
63.6%
20%
2.1
32%
33%

14,264
double blind,
double dummy
73
60.1%
54.7%
3.5
0%
87%

18,201
double blind,
double dummy
70
65.3%
18.9%
2.1
34%
30%

Study treatments and previous clinical findings

Study participants will be randomized in equal allocation to receiving one of three TSOACs,
using a permuted block randomization scheme that is stratified by site. Dosing of the
TSOACs is based on FDA-approved dosing in the United States, which was tested in the
three pivotal trials of each of these drugs compared to warfarin: (a) dabigatran 150 mg
orally, twice daily, (b) rivaroxaban 20 mg orally, once daily (or 15 mg orally, once daily,
in patients with creatine clearance 15-50 ml/min), (c) apixaban 5 mg orally, twice daily
(or 2.5 mg orally, twice daily, in patients with at least two of the following characteristics:
age 80 years, body weight 60 kg, or serum creatinine 1.5 mg/dL). Duration of treatment
is long-term in accordance with routine practice. The design and patient characteristics of
the three pivotal trials (see the third paragraph of Section 1) are summarized in Table 1,
in which CVA refers to cerebrovascular accident and CHADS refers to Congestive heart
failure, Hypertension, Age, Diabetes, and prior Stroke or transient ischemic attack. The
three arms in the RE-LY are dabigatran 110mg and 150mg, and warfarin. The clinical
findings are summarized in Table 2, in which HR refers to hazard ratio of the anticoagulant
to warfarin for the composite event of stroke or systemic embolism or death, and ICH refers
to intracerebral hemorrhage.

2.4

Sample size

The primary comparisons are the three pairwise comparisons among the three TSOACs.
The primary endpoint is the composite of stroke and systemic embolism, intracranial hemorrhage, and all-cause mortality. Based on results from the pivotal studies and the VA’s
EMR, we anticipate the two-year primary event rate is 15% for dabigatran and apixaban
and 13% for rivaroxaban. The corresponding number of patients needed to treat per year
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Table 2: Clinical outcomes of the pivotal trials of three anticoagulants.
RE-LY
(Dabigatran, 150mg)

ROCKET-AF
(Rivaroxaban)

ARISTOTLE
(Apixaban)

1.11
(1.69)
0.66
(p < .001)
0.30
(0.34)
3.37
(3.57)
3.64
(4.13)

1.70
(2.20)
0.79
(p < .001)
0.49
(0.74)
3.60
(3.45)
4.52
(4.91)

1.27
1.60
0.79
(p < .001)
0.24
(0.47)
2.13
(3.09)
3.52
(3.94)

Superior efficacy.
Similar bleeding.
Less ICH.

Non-inferior in
efficacy & safety.

Superior efficacy.
Less bleeding & ICH.
Lower mortality.

Event rate %
(vs warfarin)
HR
ICH %
(vs warfarin)
Major bleeding %
(vs warfarin)
All-cause mortality
%/year (vs warfarin)
Conclusion,
compared to warfarin

to prevent 1 primary event is about 100, which is lower than the typical cutoff of 100-150,
and therefore this 2% difference is considered clinically meaningful.
To have 80% power to detect a 2% difference in the 2-year event rate (15% vs 13%,
hazard ratio 0.86) between two treatment groups at a significance level 5%/3 (due to
Bonferroni correction for 3 tests), 1763 events are needed. Assuming 3 years of recruitment
and additional 1.5 years of follow-up after the last randomized participant (total study
duration 4.5 years, median follow-up 3 years), the number of patients needed is 4381 per
group. Rounding this number up to 4400, the study plans to enroll 4400×3=13,200 patients
over 3 years. Table 3 gives the required number of participants per group for a range of
power and study duration values.
Table 3: Sample size needed to have 80% to 90% power to detect the difference of 15% vs.
13% in the two-year primary event rate.
Power

80%
85%
90%

# Events

1763
1982
2275

Recruitment (yr) + additional follow up (yr)
2+2

2.5+1.5

2.5+2

3+1

3+1.5

3+2

4360
4900
5624

4726
5311
6096

4068
4572
5247

5172
5812
6671

4381
4923
5651

3818
4291
4925
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2.5

Recruitment and data collection methods

All patients with atrial fibrillation or atrial flutter with an indication for anticoagulation
are potential study participants. Leveraging the VA’s anticoagulation clinic care structure,
potential participants will be identified through electronic medical records (EMR) either at
the entry of new patients or at outpatient visits of patients already on oral anticoagulation.
Patients fulfilling all eligibility criteria and having no exclusion criterion will be invited to
participate in the study, via a centralized recruitment and consent process.
Data will be accessed at predetermined intervals from administrative data sources such
as VA’s EMR and chart information, using algorithms for screening and identifying primary
and secondary clinical outcomes from VA’s EMR and other VA and non-VA databases. Discharge summaries and other pertinent medical records will also be obtained from both VA
and non-VA facilities to determine the primary cause of all hospitalizations. For patients
with Medicare benefits, linked Medicare data will also be obtained from the VA Information
Resource Center (VIReC).

3
3.1

Discussion
Midcourse modification of sample size and early stopping for futility

The sample size calculations in Section 2.4 are based on certain assumptions on the event
rates and effect sizes. These assumptions may be found to differ substantially from the
observed data during the course of the trial. A related example is the TASTE (Thrombus
Aspiration during ST-segment Elevation) myocardial infarction trial [21]. On the basis
of mortality data from patients with ST-segment elevation myocardial infarction who underwent percutaneous coronary intervention (PCI) in Sweden between 2008 and 2009, the
trial design assumed that the one-month mortality with PCI would be 6.3%. Under this
assumption it was calculated that 456 events would have to occur for the trial to have
80% power to detect a hazard ratio of at least 1.3 with PCI as compared with PCI plus
thrombus aspiration, leading to a sample size of 5000. When enrollment approached 5000
patients, the 30-day mortality (estimated without knowledge of treatment assignments)
was observed to be substantially lower (2.9%) in the study cohort. This led the steering
committee of the trial to amend the protocol by increasing the sample size to 7138 patients
and to adopt a group sequential design for which interim analysis was conducted by a data
monitoring committee.
This experience of TASTE suggests that although the sample size calculation in Table 3
is reasonable at the design stage before data are actually collected, the protocol should allow
the possibility of mid-course modification of the sample size. In view of its large sample size,
the trial would represent a large waste of resources and effort if it falls short of achieving
statistical significance because the sample size calculation is based on assumptions that
differ substantially from reality, which one can learn during the course of the trial by using
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a group sequential or adaptive design; see Chapters 4, 6, and 8 of [22]. Clearly there are
limits on the maximum sample size because of time and resource constraints. An advantage
of a group sequential or adaptive design is that it allows early stopping for futility if an
interim analysis shows little chance of a significant result when the trial is continued to its
maximum sample size.

3.2

Testing non-inferiority in a group sequential design

Traditional designs of comparative effectiveness trials emphasize superiority, and the design
in Section 2 follows this tradition. However, even for the case of three treatments as in
that trial, such superiority testing often requires large sample sizes because of Bonferronitype adjustments for multiple comparisons and the typically small to moderate effect sizes
between treatments, as illustrated by Table 3. In addition, the actual effect sizes are
unknown at the design stage and some of pairwise differences may be close to 0. Such
information becomes increasingly available during the course of the trial and can be used by
a group sequential design to make the trial more efficient. Instead of testing for superiority
to identify the best treatment, Shih and Lavori [23] propose to select a treatment that is
within a prescribed distance (called the “non-inferiority margin”) from the unknown best
treatment. Moreover, instead of the traditional design that analyzes the data at the end
of the trial with a fixed sample size, they advocate a group sequential design that carries
out interim analyses based on the data collected up to the time of the interim analysis. In
particular, at each interim analysis, the design allows early stopping for “futile” treatments
in comparison with the currently observed best treatment; generalized likelihood ratio
statistics (or partial likelihood ratio statistics for censored time-to-event data) are used
for significance testing. The study is stopped if all treatments other than the currently
leading one are eliminated. Otherwise continue the study and randomize the next group
of patients to the surviving treatments. At the last interim analysis, if there remain more
than two treatments, advance the best two treatments to the final analysis at which they
are compared by using the generalized likelihood ratio statistic, selecting the leader if
the statistic exceeds some critical value, otherwise selecting both treatments. The critical
values for significance testing at the interim and final analyses are chosen such that the
overall type I error is maintained at a prescribed level. Details are given by Shih and Lavori
[23, pp. 1780–1781, 1787–1788]; see also Bartroff et al. [22, Sects. 4.2, 4.3, and 6.5].

3.3

Using baseline patient characteristics to personalize treatment choice

A possible reason for the relatively small treatment differences among the anticoagulants is
the heterogeneity of the patient population. These differences may be magnified in certain
patient classes. If that is indeed the case, treatment comparison should be carried out
within each patient class, resulting in a personalized treatment choice depending on the
patient’s baseline characteristics that define the classes. Lai et al. [24] have recently intro-
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duced a novel group sequential design to develop and test biomarker-guided personalized
therapies involving approved cancer treatments. The design fulfills multiple objectives,
which include (a) treating accrued patients in the trial with the best (yet unknown) available treatment, (b) developing a treatment strategy for future patients, and (c) demonstrating that the strategy developed indeed has a better treatment effect than that of the
standard of care, or that of any of the approved treatments. In a group sequential trial,
sequential decisions are made only at times of interim analysis. Equal randomization is
applied to the treatments up to the first interim analysis. Then an adaptive randomization
scheme is used, assigning the highest randomization probability to the leading treatment in
each biomarker class. In addition, generalized likelihood ratio statistics are used for early
elimination of significantly inferior treatments from a biomarker class, with the elimination
threshold so chosen that there is a guaranteed probability of 1 − α that the best treatment
for each biomarker class is not eliminated, where α corresponds to the type I error. To
accomplish this, Lai et al. [24] use subset selection ideas from the selection and ranking
literature, in which selecting a subset of treatments, with a guaranteed probability of at
least 1 − α that it contains the best treatment, is an alternative to the indifference zone (or
non-inferiority margin) approach, which guarantees the probability of correctly selecting
the best treatment to be at least 1 − α when the largest mean effect differs from the second
largest by at least δ, as used by Shih and Lavori [23].
For the stroke prevention trial in AF patients, in place of the biomarkers for cancer
patients considered in [24], there are two important patient characteristics that may affect
treatment choice. The first is presence or absence of renal dysfunction, as some of the
TSOACs are eliminated mainly through the renal system and may therefore accumulate
more and be less safe in patients with chronic kidney disease. The second is risk of stroke:
low to moderate risk (1 ≤ CHADS2 score ≤ 2) versus moderate to high risk (CHADS2
score ≥ 3). In this connection, it should be noted that the pivotal trial of rivaroxaban only
enrolled patients with moderate to high risk but the anticoagulant’s labeling does not have
this restriction.

3.4

Adaptive randomization with arm elimination and addition

The adaptive randomization scheme in [24], which allows arm elimination that is tantamount to assigning zero randomization probability to an eliminated arm, can also be
modified to allow inclusion of a new arm in the trial after its initiation. In the context of
the comparative effectiveness trial for approved TSOACs, there is a fourth TSOAC, edoxaban, for which a pivotal trial has recently been completed [25, the ENGAGE AF-TIMI 48
trial] but which has not yet received FDA approval. At the time of some interim analysis
of the trial, edoxaban may have gained approval and the VHA may want to consider it
alongside the other three TSOACs for optimizing patient care in the VA. The modified
adaptive randomization scheme assigns to this additional treatment the same randomization probability as that of the leading treatment until the next interim analysis, when this
9

treatment has been applied to a reasonable number of patients to assess its efficacy in
comparison with other treatments.
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