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Abstract

Background: A number of novel oral anticoagulants (direct thrombin inhibitors or factor Xa inhibitors) are in clinical use for
various indications. The dosing regimens differ between twice-daily and once-daily dosing for the prevention of stroke in
patients with atrial fibrillation. With the availability of the results from four phase 3 studies (>70,000 patients), we explored
whether twice-daily or once-daily dosing provides better risk-benefit balance among novel oral anticoagulants.

Methods: We conducted a strict, stepwise, fixed-effects meta-analysis with predefined heterogeneity quality criteria to
generate the most appropriate common estimates for twice-daily (BID) or once-daily (QD) dosing regimens. An indirect
comparison of these dosing regimens with fixed-effects meta-analysis common estimates (where available), or individual
compound results, was done respectively.

Results: Comparing indirectly BID vs QD dosing regimens resulted in hazard ratios (HR [95% confidence interval]) for stroke
and systemic embolism of 0.75 (0.58-0.96) for dabigatran 150 mg BID, and 0.91 (0.73-1.13) for apixaban BID vs the QD
dosing regimen. For ischemic stroke, the HR of BID vs QD was 0.85 (0.69-1.05). For intracranial hemorrhage, BID vs
rivaroxaban QD was 0.57 (0.37-0.88) and, vs edoxaban QD, 0.81 (0.54-1.22). Due to heterogeneity, common estimates for
major bleeding QD or BID were not justified, therefore indirect comparison of regimens were not possible. All non-vitamin K
antagonist oral anticoagulants reduced all-cause mortality vs warfarin with a HR of 0.90 (0.86-0.96) without differences
between regimen.

Conclusions: Based on the available phase 3 study evidence, the twice-daily dosing regimen of non-vitamin K antagonist
oral anticoagulants appears to offer a more balanced risk-benefit profile with respect to stroke prevention and intracranial
hemorrhage.
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Introduction One important differentiating aspect between the NOACs
studied is the dosing regimen, specifically daily (QD) or twice-daily
(BID) dosing, which will be part of the decision-making process to
select the most appropriate drug for a particular patient. Apart
from the dosing schedule, there are other essential clinical factors,
such as age, grade of renal impairment, and overall risk of
bleeding, which guide the selection of a specific NOAC. In this
) - ! manuscript, we will concentrate on the dosing regimen (BID vs
tional normalized ratio 2-3). QD) specifically because our hypothesis is that, for these NOACs

For stroke prevention in patients with atrial fibrillation (AF),
four landmark phase 3 trials with non-vitamin K antagonist oral
anticoagulants (NOACs, previously referred to as new or novel
oral anticoagulants) have been published [1-5], each showing that
NOACGs were more or equally effective, while also providing an
mmproved safety profile compared with warfarin (target interna-
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(all with a half-life of 12 hours or shorter), BID dosing appears to
be more suitable in order to provide protection through a 24-hour
time period (Table 1).

Based on the main results of all trials vs warfarin, considerable
heterogeneity across NOACs has been observed (e.g., risk of
stroke/systemic embolism is reduced by 35% [dabigatran 150 mg
BID regimen] or increased by 13% [edoxaban low-dose QD
regimen]). The only published meta-analysis based on all four
trials has reported and acknowledged this significant heterogeneity
(with heterogeneities of Higgin’s I* for stroke and systemic
embolism =47%, ischemic stroke =32%, intracranial hemor-
rhage [ICH] =32%, major bleeding events [MBEs] =83%) [6].

We therefore performed this analysis using a predefined
stepwise approach of heterogeneity analysis as a fixed-effects
meta-analysis (FEM) to compare only precise, well-justified
common estimates (CEs). We generated, where appropriate, CEs
for groupings of trial results and compared them indirectly, in a
second step, with CEs if available, or with results from the
respective individual trials for the BID vs QD dosing compari-
son(s). With this approach, we tried to address the heterogeneity
challenges of the four phase 3 trials as much as possible in order to
answer the question: is BID or QD dosing the better dosing
approach with NOACs?

Methods

Figure 1 describes the flow chart of our study selection.

We conducted a prespecified FEM of four published pivotal
phase 3 trials for the prevention of stroke and systemic embolism
with novel oral anticoagulants: the Randomized Evaluation of
Long Term Anticoagulant Therapy (RE-LY), Rivaroxaban once-
daily oral direct Factor Xa inhibition compared with vitamin K
antagonism for prevention of stroke and embolism trial in atrial
fibrillation (ROCKET-AF), the Apixaban for the reduction of
Stroke and other thromoboembolic events in subjects with atrial
fibrillation (ARISTOTLE), and Global study to assess the safety
and effectiveness of edoxaban (DU-176b) versus standard practice
of dosing with warfarin in patients with atrial fibrillation
(ENGAGE-AF) trials [1-5]. This analysis comprised the results
of 71,683 patients (18,113 in RE-LY, 14,264 in ROCKET-AF,
18,201 in ARISTOTLE, and 21,105 in ENGAGE-AF). These
trials constitute the main evidence for the worldwide submission of
these drugs for regulatory approval; therefore, no obvious
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Table 1. Main characteristics of NOACs.
Dabigatran Apixaban Edoxaban Rivaroxaban
Elimination half-life 12-17 h 12 h 9-11 h 5-9 h (young)
11-13 h (elderly)
Bioavailability ~6.5% ~50% ~62% ~66% (w/o food)
~100% (with food)
Pro-drug Yes No No No
Clearance: non-renal/renal of 20%/80% 73%/27% 50%/50% 65%/35%
absorbed dose if normal renal
function
Liver metabolism: CYP450 No Yes (CYP3A4/5, CYP1A2, 2C8,  Yes (CYP3A4/5) Yes (CYP3A4, CYP2J2, and CYP-
2C9, 2C19, 2J2) independent mechanisms)
Absorption with food No effect No effect 6%—-22% more +39%
Intake with food? No No No official recommendation yet Mandatory
NOACs, novel oral anticoagulants.
doi:10.1371/journal.pone.0099276.t001

reporting or selection bias is present for the inclusion of these
studies in the analysis. The Stroke Prevention Using Oral
Thrombin Inhibitor in Atrial Fibrillation (SPORTIF) trials were
excluded; Ximelagatran has no market authorization worldwide
and was withdrawn from the European market in 2006.

Due to high heterogeneity for selected end points from the four
included trials, as recently reported in a meta-analysis by Ruff,
et al [6], we applied a predefined stepwise meta-analysis approach
using conservative heterogeneity criteria to allow for the calcula-
tion of a CE. This was then used in the second step of the analysis,
which was an indirect comparison of the BID vs QD dosing
regimen. Criteria indicating the principal absence of heterogeneity
are Cochran’s Q (Qpeo; % -distributed) [7,8] and Higgins’ I? [9],
which represent the proportion of total variation in study estimates
that is due to heterogeneity rather than sampling error. As a
conservative threshold, we used p<<0.20, indicating some hetero-
geneity in Cochran’s ), as recommended by several authors
[9,10] and reimbursement authorities [8].

As a second prerequisite and threshold, we used 25% for
Higgins’ I? since heterogeneity lower than 25% is regarded as low
and probably irrelevant [8,11]. If both thresholds indicated
absence (or near absence) of heterogeneity, we calculated the
FEM CE with 95% confidence intervals (Cls) to obtain the most
precise estimate of the treatment effect compared with vitamin K
antagonists.

The analysis was applied in a stepwise approach (Figure 2) for
each prespecified end point. We used the common primary
efficacy end point (stroke and systemic embolism), ischemic strokes
(the medical reason to treat patients with an anticoagulant), the
common primary safety end point (MBE), and two further
relevant, clinically high end points: ICH and all-cause mortality
in each of the respective phase 3 trials. We compared the results of
the complete trial populations; no special subgroup analysis was
conducted. The analysis was applied as further described here:

() Analysis of all trial results, including all dosing strengths
(dosing arms) of the NOAC:s, independent of dosing regimen
(BID or QD).

® If no heterogeneity was seen, a CE was generated (hazard
ratio [HR] with a 95% CI compared with warfarin
treatment) as no difference between BID or QD regimen
would be expected.
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Figure 1. Flow of study selection.
doi:10.1371/journal.pone.0099276.g001

(i)  If the first step analysis did not qualify for the generation of a
CE for the respective end point, a second step analysis was
applied. We investigated the most effective NOAC dosages of
the trials respectively (i.e., dabigatran 150 mg BID, apixaban
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5/2.5 mg BID, rivaroxaban 20/15 mg QD, and edoxaban
60/30 mg QD), clustered by the dosing regimen (BID or
QD). These dosages were selected based on their most
pronounced effects for prevention of stroke/systemic embo-

the NOACs independent of dosing regimen (BID or QD)

STEP 1: Analysis of all trial results including all dose strength (dosing arms) of

v

| Q. x* -distributed >0.20 and 1> <25%

l YES
Generation of CE (95% CI) and STOP of analysis |

A 4

NO

STEP 2: Analysis of all trial results including dosages with the most pronounced
efficacy effect only and clustered by dosing regimen (BID or QD)

v

| Q. x* -distributed >0.20 and I? <25%

4 YES + NO

Generation of CE (95% ClI) | | NO generation of CE (95%) adequate

Figure 2. Scheme of the strict, stepwise, fixed-effects meta-analysis with predefined heterogeneity quality criteria. This stepwise
statistical approach was conducted for the identification of groupings that are justified to generate a common estimate (CE) based on the predefined
quality criteria of low heterogeneity. If these heterogeneity criteria were not met no CE was generated. Legend: BID, twice-daily dosing; CE, common
estimate; I, Higgins' I? [8]; QD, once-daily dosing; Qpetos ¥, >-distributed, Cochran’s Q [7].

doi:10.1371/journal.pone.0099276.g002
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lism, as the prevention of stroke is the indication/reason for
treatment with an anticoagulant.

® If no heterogeneity was seen, a CE for BID and/or QD was
generated (HR with a 95% CI compared to warfarin
treatment).

® If heterogeneity was evident further on, it was not justified to
generate a CE, and the respective individual trial results of
the different NOACs were used for indirect comparisons.

As a final analysis, to answer the question of BID vs QD dosing
regimen, we conducted Bucher’s indirect comparisons [12,13] of
BID vs QD dosing approach using FEM CEs (where available) or
individual NOAC trial results (if CE was not available). As a
sensitivity analysis, random-effects meta-analysis (REM) CEs were
used.

Results

In the first step of the analysis, only the end point “all-cause
mortality” (which was similarly defined in all the phase 3 trials)
fulfilled the predefined heterogeneity criteria, and consequently
allowed for a meta-analysis comparing against the common
comparator warfarin (NOACs vs warfarin). With a HR of 0.90
(95% CI 0.86-0.96), all NOACs showed a 10% reduction in all-
cause mortality when compared with warfarin (Tables 2 and 3).

For all other end points, the next step of the analysis was
required to be conducted because predefined heterogeneity
criteria were not fulfilled. When analyzing only the most effective
dosages (dabigatran 150 mg BID, apixaban 5/2.5 mg BID,
rivaroxaban 20/15 mg QD, edoxaban 60/30 mg QD) grouped
by regimen (BID or QD), heterogeneity thresholds (Cochran’s Q)
with p>0.20 and Higgins’ [*<25%) were still not met for some
end points, although the heterogeneity criteria displayed lower
heterogeneity compared with the first step (Table 4).

Based on our strict predefined criteria, the second step was able
to generate a GE for QD dosing for stroke and systemic embolism,
a CE for both BID and QD dosing for ischemic stroke, and a CE
for BID dosing for ICH, respectively (Figure 3). For MBE
irrespective of QD or BID regimen, the predefined criteria were
not met in any of the two steps of analysis, consequently, no
appropriate CE was generated (Table 4).

The final indirect comparisons (Bucher’s method [12,13]) of the
FEM CEs of BID or QD dosing, with the respective appropriate

treat analysis.
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and meaningful comparator, showed HRs with the following
results (Figure 3):

(i)  Stroke and systemic embolism BID vs QD (intention-to-treat
analysis):

® 0.75 (95% CI 0.58-0.96) for dabigatran 150 mg BID vs CE
QD (rivaroxaban 20/15 mg and edoxaban 60/30 mg)

® 0.91 (95% CI 0.73-1.13) for apixaban 5/2.5 mg BID vs CE
QD.

(i)  Ischemic stroke BID vs QD (intention-to-treat analysis):

® 0.85(95% CI 0.69-1.05) for CE BID (dabigatran 150 mg
and apixaban 5/2. mg) vs CE QD.

(i) ICH BID vs QD (safety set analysis):

® 0.57 (95% CI 0.37-0.88) for CE BID vs rivaroxaban 20/
15 mg OD

® (.81 (95% CI 0.54-1.22) for CE BID vs edoxaban 60/30 mg
QD.

Despite obvious heterogeneity across the four trials, indirect
comparisons carried out in a stepwise approach to optimize the
quality of the generated CEs support the following statements: (1) a
BID regimen shows a trend toward higher efficacy (stroke and
systemic embolism or ischemic stroke alone) and an improved
safety profile in terms of ICH compared with the QD dosing
regimen (Figure 3 and 4), (i1) all NOACs uniformly show an overall
reduction of all-cause mortality of 10% compared with warfarin,
and (i) MBE results are very heterogeneous and cannot be
compared appropriately using indirect comparisons from these
four phase 3 trials.

Discussion

In this meta-analysis with strict predefined heterogeneity
criteria, and with the goal of generating well-justified and precise
CEs for BID or QD dosing regimens of the most effective NOAC
dosages, we display the following: (i) all-cause mortality with
NOAG S vs warfarin was reduced by approximately 10%, (ii) when
comparing stroke and systemic embolism, dabigatran 150 mg BID
has better outcomes than QD regimens, and (1) for ICH, BID

Table 2. Reported efficacy outcomes (HRs [95% Cl] vs warfarin) of the respective NOACs in the phase 3 trials [1-5] in the intent-to-

Dose regimen BID QDb

RE-LY (DE RE-LY (DE ARISTOTLE (AP 5/ ROCKET-AF (RIVA ENGAGE-AF (EDOX ENGAGE-AF

150 mg)* 110 mg) 2.5 mg) 10/15 mg) 60/30 mg)* (EDOX 30/15 mg)
Stroke and systemic embolism 0.65 0.90 0.79 0.88 0.87 1.13

(0.52-0.81) (0.74-1.10) (0.65-0.95) (0.75-1.03) (0.73-1.04) (0.96-1.34)
Ischemic/unspecified stroke 0.76 1.11 0.92 0.99t 1.00 141

(0.59-0.97) (0.88-1.39) (0.74-1.13) (0.82-1.20) (0.83-1.19) (1.19-1.67)
All-cause mortality 0.88 0.91 0.89 0.92 0.92 0.87

(0.77-1.00) (0.80-1.03) (0.80-0.998) (0.82-1.03) (0.83-1.01) (0.79-0.96)

not cross or touch 1.00.
*Dose with most pronounced efficacy result. fIncludes ischemic strokes only.
doi:10.1371/journal.pone.0099276.t002
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AP, apixaban; Cl, confidence interval; DE, dabigatran etexilate; EDOX, edoxaban; HR, hazard ratio; RIVA, rivaroxaban. Note. Bold font marks results where the 95% Cls do
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Table 3. Reported safety outcomes (HRs [95% Cl] vs warfarin) of the respective NOACs in the phase 3 trials [1-5] in the safety

Dose regimen BID QDb
RE-LY (DE RE-LY (DE ARISTOTLE (AP 5/ ROCKET-AF (RIVA ENGAGE-AF (EDOX ENGAGE-AF (EDOX
150 mg)* 110 mg) 2.5 mg) 10/15 mg) 60/30 mg)* 30/15 mg)
Intracranial hemorrhage 0.32 0.24 0.42 0.67 0.47 0.30
(0.20-0.49) (0.15-0.40) (0.30-0.58) (0.47-0.93) (0.34-0.63) (0.21-0.43)
Major bleeding 0.96 0.81 0.69 1.04 0.80 0.47
(0.83-1.11) (0.69-0.94) (0.60-0.80) (0.90-1.20) (0.71-0.91) (0.41-0.55)

Note. Bold font marks results where the 95% Cls do not cross or touch 1.00.
*Dose with most pronounced efficacy result.
doi:10.1371/journal.pone.0099276.t003

regimens had lower HRs compared with rivaroxaban 20/15 mg
QD but not edoxaban 60/30 mg QD.

The principal objective of anticoagulant therapy is to prevent
the blood from developing a clot that might result in an ischemic
stroke. Optimal prevention of clots can only be achieved if there is
a relatively stable and appropriate anticoagulant effect over
24 hours. This is likely with warfarin or other vitamin K
antagonists because of their very long half-lives of about 40—
75 hours (dependent on the specific type of vitamin K antagonist).
The pharmacodynamic effects of anticoagulants, specifically
within the NOAC group, correlate with the plasma concentrations
(pharmacokinetics). Thus, a stable effect of anticoagulation is the
main goal when depicting a dosing regimen, be it BID or QD,
ideally depending on the half-life of the drug [14-18].

The vitamin K antagonist warfarin, given QD, has a trough-to-
peak ratio of plasma concentrations of about 1.5 (half-life of about
40 hours) [14], but its effects resulting from reduced coagulation
factor synthesis are maintained over days. With NOAC:s, the

Table 4. Analysis of results heterogeneity of NOACs vs warfarin.

AP, apixaban; Cl, confidence interval; DE, dabigatran etexilate; EDOX, edoxaban; HR, hazard ratio; NOACs, novel oral anticoagulants; RIVA, rivaroxaban.

trough-to-peak ratio when dosed QD is ~4.5 for dabigatran [14],
~10 for rivaroxaban [16,17], ~10 for apixaban [18], and ~10-30
for edoxaban [19]. The higher the ratio, the higher the plasma
levels fluctuate over 24 hours. Clinical consequences of these
higher fluctuations might be that higher peaks result in higher
rates of bleeding events, and the relative lower trough plasma
levels might result in a higher rate of thromboembolic events (e.g.,
ischemic stroke). It seems reasonable to reduce trough-to-peak
ratios as much as possible to allow for the best risk-benefit balance
regarding the prevention of thromboembolic and bleeding events
throughout the time interval of 24 hours.

This hypothesis seems to be supported by the final results of the
phase 3 trials with NOAC:s, as follows: (i) BID dosing regimens
provided superior efficacy in the prevention of stroke and systemic
embolism, with a very good or even superior safety profile
compared with well-controlled warfarin (RE-LY and ARISTO-
TLE [1-3]; see Tables 1, 2, and 3) and (ii) QD dosing of
rivaroxaban or edoxaban showed non-inferior efficacy and a

Analysis of heterogeneity (meta-analysis FEM)

Stroke and systemic embolism

All dose groups: 3>=19.78, df=5, p=0.001, I>’=75%

BID

Ischemic/unspecified stroke
BID

All-cause mortality

BID

Intracranial hemorrhage

BID

Major bleeding event

BID

¥2=1.78, df=1, p=0.18, I>=44%
All dose groups: 32 =20.43, df=5, p=0.001, I>=76%

¥2=1.31, df=1, p=0.25, I’=24%

12=0.02, df=1, p=0.90, I>’=0%

12=0.92, df=1, p=0.34, I’=0%

All dose groups: y2=71.23, df=5, p=0.00001, I>=93%

¥>=10.02, df=1, p=0.002, I>=90%

QD
¥2=0.01, df=1, p=0.92, I>’=0%

QD
x2=0.01, df=1, p=0.94, I>’=0%

All dose groups: x2=0.97, df=5, p=0.96, I1>=0%

QD
x2=0.00, df=1, p=1.00, ?=0%

All dose groups: y>=17.41, df=5, p=0.004, I>=71%

QD
x2=2.28, df=1, p=0.13, I’=56%

QD
x*>=7.32, df=1, p=0.007, I>=86%

doi:10.1371/journal.pone.0099276.t004

PLOS ONE | www.plosone.org

Given are the main results (including all dosages or the dose with most pronounced efficacy result)” and grouping by regimen (BID or QD) are displayed. BID, twice-daily
dosing; FEM, fixed-effects meta-analysis; NOACs, novel oral anticoagulants; QD, once-daily dosing.

Note. Bold font marks nearly absence of heterogeneity, i.e., generation of a common estimate is justified.

*Dose with most pronounced efficacy result: dabigatran 150 mg BID, apixaban 5/2.5 mg BID, rivaroxaban 20/15 mg QD, and edoxaban 60/30 mg QD.
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BID | BID vs. QD | QD
(HR[CI] vs. W) ! (HR[CI]) ' (HR[CI]vs. W)
1 1
DE 150 ! DE 150 vs. CE !
0.65(0.52-0.81) || 0.75(0.58-0.96) |: CE
1 1
Stroke/SE ! ! RIVA & EDOX
AP 5125 ! AP 5/2.5vs. CE 1 0.87 (0.78—0.98)
0.79 (0.66-0.95) || 0.91(0.73-1.13) |,
| |
1 1
1 1
1 1
CE | | CE
Ischemic DE & AP ! CEvs. CE ! RIVA? & EDOX
stroke? ! !
0.85 (0.72-1.00) || 08506108 111400 0.87-1.13)
| |
1 1
1 1
1 1
| CEvs.RIVA20/15 || RIVA 20/15
CE | 0.57(0.37-0.88) || 0.67(0.47-0.93)
Intracranial DE & AP : :
hemorrhage 1 1
0.38 (0_29_0_50) : CE vs. EDOX 60/30 : EDOX 60/30
| 081(054-122) || 0.47(0.34-0.63)
1 1

Figure 3. Common estimates where justified and indirect comparisons of all BID or QD dosing regimens of NOACs. Results are
expressed from the respective main dose results of the phase 3 trials [1-5] in the intent-to-treat analysis for efficacy (Stroke and systemic embolism,
ischemic stroke) and in the safety analysis for intracranial hemorrhage. AP, apixaban; BID, twice-daily dosing; CE, common estimate; Cl, confidence
interval; DE, dabigatran etexilate; EDOX, edoxaban; HR, hazard ratio; QD, once-daily dosing; RIVA, rivaroxaban; SE, systemic embolism; W, warfarin; ®In
the ROCKET-AF trial, only ischemic strokes, excluding unspecified strokes, are reported. Note: bold and italic font marks significantly superior results.
doi:10.1371/journal.pone.0099276.9003

similar or superior safety profile compared with warfarin
treatment (ROCKET-AF and ENGAGE-AF [4,5]; see Tables 1,
2, and 3).

In our analysis, we applied a heterogeneity-focused meta-

dabigatran 150 mg BID resulted in better outcomes than QD
regimens and, for ICH, BID regimens had lower HRs compared
with rivaroxaban 20/15 mg QD, but not vs edoxaban 60/30 mg
QD.

The high heterogeneity of MBE, specifically, which did not
allow for the generation of a CE, might be due to different end
point definitions among the trials. For example, in ARISTOTLE,
a 24-hour rule for a drop in hemoglobin was applied, and in

analysis approach and clustered the trial results according to the
dosing regimen, BID or QD, with the most effective dose
(prevention of stroke and systemic embolism) of each drug,
respectively. In the comparison of stroke and systemic embolism,

Indirect comparison HR (95% CI)

Stroke/SE (ITT)

AP 5/2.5 mg BID vs. CE QD 0.91 (0.72-1.13) —_———
DE 150 mg BID vs. CE QD 0.75 (0.58-0.96) — .
Ischemic stroke (ITT) '
CE BID vs. CE QD 0.85 (0.69-1.05) —o—
ICH (Safety) :
CE BID vs. EDOX 60/30 mg QD 0.81 (0.54-1.22) k o :
CE BID vs. RIVA20/15 mg QD  0.57 (0.37-0.88) F o E

0.5 1.0

BID better QD better

Indirect comparison—Hazard ratio

Figure 4. Indirect comparison of BID vs QD with the CEs and results from respective NOACs. The comparison is conducted based on the
results from the generation of CE for the respective end points. If no CE was generated (according to the strict heterogeneity criteria) a comparison of
the respective result of the specific NOAC was applied. Legend: AP, apixaban; BID, twice-daily dosing; CE, common estimate; CE BID, common
estimate generated by meta-analysis of DE 150 mg BID and AP 5/2.5 mg BID; CE QD, common estimate generated by meta-analysis of RIVA 20/10 mg
QD and EDOX 60/30 mg QD; DE, dabigatran etexilate; EDOX, edoxaban; HR (95% Cl), hazard ratio (95% confidence interval); ITT, intention-to-treat
analysis; NOAGs, novel oral anticoagulants; QD, once-daily dosing; RIVA, rivaroxaban; safety, safety set analysis.
doi:10.1371/journal.pone.0099276.9g004
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ENGAGE-AF, a modified International Society on Thrombosis
and Haemostasis (ISTH) definition of MBE, and specifically with a
transfusion adjustment of the hemoglobin fall, was applied [20].
Both differed from the RE-LY and ROCKET-AF trials [5,21].
Furthermore, differences in the quality of the common control
arm (time in therapeutic range for warfarin) and a different
selection of patient populations (differences in, for example, the
congestive heart failure, hypertension, age, diabetes, stroke system
[CHADS,] scores) might also have an impact on the heterogeneity
seen for MBE. It is of note that the narrow CI seen for mortality in
our analysis points indirectly to the power of this meta-analysis (a
comparison of more than 65,000 patients included in the trials) [1—-
5].

Whilst BID dosing provides a better benefit/risk equation in
patients with AF,this benefit might be contradicted by a lower
adherence to the drug due to BID dosing (when compared with
QD dosing). In a review of 76 studies, the compliance with QD
dosing was 79%14% and 69%15%; however, the overlap of the
standard deviations suggests no significant difference here [22]. In
patients with AF, Song et al reported that no difference was seen
between the adherences of BID vs QD medications [23]. Thus,
BID dosing in the population of patients with AF would not
appear to have a significant lower adherence compared to QD
dosing regimens. Thus, these patients are not at a higher risk of
experiencing a stroke due to noncompliance or adherence. In a
US setting, the adherence to dabigatran was reported to be better
compared with warfarin [24].

Patients will be at increased risk for stroke when one or more
NOAC doses are missed. This is especially valid when drugs with a
short half-life (12 hours or less) are dosed QD. Based on
pharmacokinetic evaluations, missing a dose translates to
~2 hours at risk in a BID dosing regimen and ~10 hours at risk
for QD dosing [14]. Thus, regarding the problem of “missing a
dose”, a BID dosing regimen compares favorably to a QD

regimen.

Limitations

This analysis has limitations due to the assumptions made and
criteria for heterogeneity defined for this assessment. Specifically,
differences in study populations between trials cannot be easily
addressed, but by comparison of hazard ratios versus warfarin
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