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Summary. Background: The  prospective, randomized,
open, blinded endpoint evaluation (PROBE) design has
been proposed as a valid alternative to the double-blind
(DB) design for trials comparing new oral anticoagulants
(NOAs) with INR-adjusted vitamin K antagonists in
patients with non-valvular atrial fibrillation (NVAF).
Objectives: To determine whether the observed treatment
effects of NOAs in patients with NVAF differ between
PROBE/open-label trials and DB trials. Methods: All
phase II or III trials were eligible. The main efficacy and
safety outcomes were stroke/systemic embolism (SSE) and
major bleeding, respectively. Other outcomes included
ischemic SSE, hemorrhagic stroke, intracranial and extra-
cranial bleeding, myocardial infarction, and all-cause and
cardiovascular mortality. Interaction (Cochran’s chi-
squared test) between PROBE and DB designs was tested.
Results: Thirteen studies (61 620 patients) were included.
For SSE, a greater treatment effect of NOAs vs. INR-
adjusted warfarin was observed in PROBE trials (RR
0.76, CI 0.65-0.89) compared with DB trials (RR 0.88,
CI 0.78-0.98), but the interaction test was non-significant
(P =0.16). A significant 67% enhancement of treatment
effect was found with PROBE/open-label trials compared
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with DB trials (interaction test, P = 0.05) for hemorrhagic
stroke. No other interaction was significant. A non-signif-
icant interaction (P = 0.07) between oral direct thrombin
inhibitors (RR 0.33; 0.22-0.51) and factor Xa inhibitors
(RR 0.54; 0.40-0.72) was seen. No heterogeneity was
found for any outcome. Conclusions: Our meta-analysis
showed no significant interaction of study design for the
main efficacy and safety outcomes. However, the non-sig-
nificantly exaggerated reduction in SSE suggests interde-
pendence of treatment effect and PROBE design,
especially for hemorrhagic stroke.

Keywords: anticoagulants, atrial fibrillation, bias, meta-
analysis, stroke.

Introduction

Non-valvular atrial fibrillation (NVAF) is a major cause
of ischemic stroke and systemic embolism and is conse-
quently characterized by increased mortality and morbid-
ity and higher costs of medical care [1,2]. Vitamin K
antagonists (VKAs), principally warfarin, have been pro-
ven to be highly effective in preventing thromboembolic
events in patients with paroxysmal, persistent or perma-
nent NVAF [3]. In 29 randomized trials involving more
than 28 000 patients pooled according to meta-analytic
methods, adjusted-dose warfarin reduced the risk of
stroke by 64% compared with the control and by 37%
compared with aspirin, but at the cost of an increased
risk of bleeding [3]. Furthermore, warfarin was associated
with a 26% reduction in all-cause mortality in random-
ized, controlled trials when compared with no anticoagu-
lation therapy in patients with NVAF [3].

© 2013 International Society on Thrombosis and Haemostasis



New oral anticoagulants (NOAs), directly inhibiting
thrombin or factor (F) Xa, have recently been devel-
oped. Their wide therapeutic windows permit the use of
fixed doses without any need for monitoring [4,5]. These
new drugs could potentially overcome the well-known
limitations of VKAs, such as slow onset of action, need
for regular monitoring of the international normalized
ratio (INR) on blood samples, narrow therapeutic win-
dows, marked inter-individual variations in drug metab-
olism, and multiple drug-drug and drug-food
interactions, all of which lead to an increased risk of
bleeding [6-8].

Different designs with respect to blinding of partici-
pants and researchers have been used to assess the effi-
cacy and safety of NOAs, namely double-blind (DB),
open-label, and prospective, randomized, open, blinded
endpoint evaluation (PROBE) designs [9,10]. Several
authors have presented evidence indicating an association
between lack of blinding and over-optimistic estimates of
treatment effects for subjectively assessed outcomes such
as cardiovascular events [11,12]. However, the PROBE
design has been debated as a valid alternative to the
development of NOAs, as it improves the external valid-
ity of trials through the presence of an event adjudica-
tion committee, which guarantees the absence of
information bias and the facilitation of patient recruit-
ment, thereby enhancing sample representivity [13,14]. As
a DB design of studies comparing VKAs with other anti-
coagulants necessitates a double-dummy strategy for
INR monitoring, which is very difficult to perform, a
demonstration that this design is not essential would be
of great help in the development of NOAs. We per-
formed a meta-analysis of all randomized NVAF trials
to determine whether PROBE and open designs were
associated with an enhancement of treatment effects in
this clinical setting.

Methods

Inclusion criteria

The meta-analysis was performed according to a prospec-
tively developed protocol (available upon request from
the corresponding author), which prespecified the research
objective, the search strategy, the study eligibility criteria,
and the methods of data extraction and statistical analy-
sis. All subgroup variables were defined before analysis.

All randomized, controlled trials conducted in patients
with NVAF were eligible for inclusion in the present
meta-analysis. Patients in the control group had to receive
VKA and patients in the treated group had to receive an
oral FXa or thrombin inhibitor. Double-blind and open-
label trial designs with or without a blinded evaluation of
outcomes were eligible. Studies were excluded if they con-
cerned duplicate cohorts. Trials with short-term follow-
ups (< 12 weeks) were excluded.

© 2013 International Society on Thrombosis and Haemostasis
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Data sources and searches

We searched Medline (PubMed) and Embase up to Octo-
ber 2012 using sensitive methods and employing the key-
words: rivaroxaban, apixaban, betrixaban, edoxaban
(DU-176b),  eribaxaban, ximelagatran, dabigatran
(BIBR1048), LY 517717, darexaban (YM150), letaxaban,
AZDO0837, TTP889, RB006, MCC977 and TAK442
[15,16]. Search terms included combinations of free text
and medical subject headings (MeSH or Emtree). The
complete search strategies may be requested from the
authors. We also reviewed the citations of the retrieved
studies, reviews and meta-analyses obtained by searches
of PubMed and Embase. Unpublished and ongoing trials
were sought in clinical trial repositories, including those
of the National Institute of Health, the National
Research Register, Current Controlled Trials, Meta-Em-
bol and Trials Central. We also searched the Internet
using the keywords listed above, including websites dedi-
cated to the dissemination of clinical trial results, such as
TheHeart.org and the US Food and Drug Administration
web site, as well as the web sites maintained by the drug
manufacturers and product information sheets.

Unpublished studies were included in the meta-analysis
if the design had been previously published in detail and
the patient characteristics, follow-up and main results had
been presented at international congresses. No restrictions
with regard to language or small population size were
applied. All qualifying studies were assessed for adequate
blinding of randomization, completeness of follow-up,
and objectivity of the outcome assessment. Phase II trials
were included if an arm corresponding to the dose of
interest was selected in a subsequent phase III trial. When
an abstract in congress proceedings and a full paper
referred to the same trial, only the full article was included
in the analysis. When two or more papers reported the
same study (for example one for the protocol, a second
for the results and a third for additional safety data), we
included all that were useful for our purpose.

Outcomes

The main outcomes were the composite of stroke and sys-
temic embolism (SSE; main efficacy outcome), major
bleeding (main safety outcome) as defined by the Interna-
tional Society on Thrombosis and Haemostasis [17], intra-
cranial bleeding, and all-cause and cardiovascular
mortality. Other outcomes included ischemic stroke and
systemic embolism separately, hemorrhagic stroke, myo-
cardial infarction, and extracranial bleeding (including
hemorrhagic stroke).

Data extraction

Studies were selected and data extracted from publica-
tions by two reviewers independently (JCL and CC). A
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2 x 2 table was constructed for each study to compute
the relative risk. If the data required to complete this
table were missing or incomplete, the hazard ratio and its
confidence interval were extracted and directly included in
the pooled results [18]. Data regarding inclusion criteria,
proportion of VKA-naive patients, proportion of patients
with a CHADS?2 score < 2, treatments, pharmacological
class of study drugs, duration of follow-up, type of design
(DB vs. PROBE or open-label), study phase (I or III)
and randomization procedure were extracted from each
individual study. The risk of bias was assessed by the
Cochrane Collaboration’s tool [19]. The results obtained
for the intention-to-treat population were used for the
main analyses. Disagreements were resolved by consensus.
When the trial evaluated different dosages of the NOA
and therefore allowed more than one comparison with
the VKA arm, we divided the number of events and the
number of participants in the VKA arm accordingly so
that each was counted only once.

Statistical analysis

The relative risks (RRs) or hazard ratios were weighted
by the inverse of their variance and combined using the
logarithm of RR method according to a fixed-effects
model with EasyMA 2.0 [20,21]. The heterogeneity
between studies was assessed using Cochran’s chi-squared
test and /* [22]. We retained heterogeneity at P < 0.10. In
the event of unexplained heterogeneity, the results were
pooled according to a random-effects model. Interaction
was systematically tested for PROBE or open-label vs.
DB design and pharmacological class and was considered
as significant at P < 0.10. Combined effect estimates were
also calculated separately for trials with and without a
DB design. We used the logistic regression models
described previously to estimate RR ratios, comparing
treatment effects in trials with and without a DB design
[23]. Enhancement of the treatment effect, in terms of RR
ratio, was determined by dividing the RR values obtained
in PROBE trials by those obtained in DB trials. For
example, a RR ratio of 1.3 would imply that the esti-
mates of treatment effect were enhanced by 30% in trials
with a PROBE or open-label design compared with trials
with a DB design. We derived 95% confidence intervals
(CIs) using robust standard errors allowing for heteroge-
neity between meta-analyses [23].

Results

Literature search and study selection

We identified 1151 references through electronic searches
and 17 references by manual searches and contacts with
experts (Fig. 1). Among these, 13 studies (including
61 620 patients) were eligible for analysis [9,10,24-35].
The funnel plot showed an asymmetry around the point

estimate due to the lack of expected phase II studies in
the bottom right-hand quadrant (Fig. 2). This asymmetry
was due to the intrinsic properties of phase II studies,
which are designed with the aim of selecting the dose with
the best safety and efficacy profile and excluding doses
showing adverse profiles. Patient characteristics are shown
in Table 1 and study designs, methodological features
and patient characteristics in Tables 2 and 3. The risk of
bias according to the Cochrane Collaboration’s tool
mainly reflected the lack of blinding (Table 3). Random
sequence generation was not reported in one small phase
IIT study [34] and two phase II studies [31,32], and alloca-
tion concealment was not reported in one small phase I1I
study [34] and four phase II studies [27,31-33]. Patient
inclusion criteria were based on various combinations of
the known risk factors for thromboembolism included in
the CHADS2 score and consequently the proportion of
patients with a CHADS2 score < 2 differed greatly from
study to study, ranging from 0 to 47%. The proportion
of VKA-naive patients ranged from 10 to 64%. Four tri-
als had a DB design [9,25,26,34], three were open-label
studies [28,31,32] and the other six had a PROBE design
(Table 2).

Oral direct antithrombin inhibitors were assessed in six
studies [10,26-28,30,31] and oral direct FXa inhibitors in
seven studies [9,24,25,29,32-34] (Tables 2 and 4). A
reduced dose of the NOA was used in patients with renal
failure in two trials (apixaban 2.5 mg and rivaroxaban
15 mg) and in Japanese patients in one trial (rivaroxaban
15 mg) [9,25,34]. All studies used adjusted-dose warfarin
(target INR, 2.0-3.0) as the control, except for three trials
in Japan in which the targeted INR was lower in patients
aged > 70 years [32-34]. Depending on the study, the
INR was in the therapeutic range for 45-83% of the
treatment period (Table 1).

Assessment of the impact of study design on the results

Stroke and systemic embolism A greater treatment
effect was observed in trials with a PROBE/open-label
design, showing a 24% relative risk reduction (nine trials
including 37 665 patients; RR, 0.76; CI, 0.65-0.89), than
in trials with a DB design, indicating a 12% relative risk
reduction (four trials including 23 955 patients;
RR, 0.88; CI, 0.78-0.98). The interaction test was not
significant (P = 0.16), indicating a non-significant
enhancement of the treatment effect by 16% (CI —5;
+ 41%; Fig. 3).

Major bleeding and intracranial bleeding We found no
interaction with respect to major bleeding. The interac-
tion tests showed a non-significant enhancement of the
treatment effect (+33%, CI —9; + 92%) in trials with a
PROBE/open-label design (RR, 0.40; CI, 0.30; 0.54) com-
pared with those with a DB design (RR, 0.52; CI, 0.43;
0.66; interaction test; P = 0.16; Fig. 3) for intracranial

© 2013 International Society on Thrombosis and Haemostasis
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Fig. 2. Funnel plot of primary efficacy outcome (stroke or systemic embolism). Grey squares indicate phase II study arms and black squares

phase III study arms. RR, relative risk; SE (log RR), standard error of relative risk.
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Table 1 Patient characteristics in each trial included in the meta-analysis

VKA-naive Patients with Lost to
Trial, year Mean age (yr) Men (%) patients (%) CHADS2 < 2 (%) follow-up (%) TTR (%)
SPORTIF I1I, 2003 70 69 27 30 1.3 66
SPORTIF V, 2005 72 69 16 26 0.6 68
NCT 01136408, 2007 68 88 NR NR NR NR
PETRO, 2007 70 82 NR NR 0 57
Lip et al. 2009 69 68 29 30 0 58
RE-LY, 2009 71 64 50 32 0.1 64
Weitz et al. 2010 65 62 64 0 0 NR
ROCKET, 2011 73 60 37 0 0.01 55
ARISTOTLE, 2011 70 65 43 34 2.1 62
ARISTOTLE-J, 2011 70 83 15 43 0 NR
Chung et al. 2011 65 65 43 47 0.8 45
J-ROCKET-AF, 2012 71 81 10 0 1.5 65
Yamashita er al. 2012 69 82 15 NR NR 73 for pts aged < 70 yrs;

83 for pts aged > 70 yrs

Pts, patients; NR, not reported; TTR, time during which the INR was in the therapeutic range; yr, years.

bleeding. This result was not associated with an interac-
tion concerning pharmacological class (Fig. 4).

Cardiovascular mortality and all-cause mortality No
interaction was concluded for these outcomes.

Other outcomes Interaction was evident with respect to
the risk of hemorrhagic stroke, which was reduced to a
greater extent in trials with a PROBE/open-label design
(RR, 0.33; CI, 0.21-0.50) than in those with a DB design
(RR, 0.55; CI, 0.41-0.73; interaction test; P = 0.05;
Fig. 3). The test for interaction was also significant for
pharmacological class (P = 0.07; Fig. 4). With respect to
myocardial infarction, the subgroup analysis according to
study design (PROBE/open-label vs. DB) revealed a sig-
nificant interaction (P < 0.0001), DB trials showing a
reduction in the risk of myocardial infarction (RR, 0.82;
CI, 0.69-0.98) wherecas PROBE/open-label trials indicated
a significant increase (RR, 1.37; CI, 1.07-1.75). The test
of interaction between these two trial subsets was signifi-
cant (P < 0.0001) and corresponded to a RR enhance-
ment of —35% (CI, —15; —49%; Fig. 3). In addition, the
risk of myocardial infarction was reduced by oral direct
FXa inhibitors (RR, 0.85; CI, 0.70-1.03) compared with
VKA, the decrease in risk being less pronounced in the
case of thrombin inhibitors (RR, 1.20; CI, 0.96-1.50) with
a significant interaction effect (P = 0.02; Fig. 4). No inter-
action was found for ischemic stroke/systemic embolism
or extracranial bleeding.

Discussion

The aim of this meta-analysis was to determine whether
open designs with or without blinded outcome assess-
ments were associated with an enhancement of the treat-
ment effects compared with double-blind designs in

randomized trials evaluating NOA in patients with
NVAF. Our meta-analysis showed a non-significant
enhancement with respect to the main efficacy outcome.
The PROBE design may influence the results by a 16%
enhancement of the observed reduction in the risk of SSE
compared with the DB design. This point estimate is con-
sistent with a previous estimate of 17% derived from a
meta-analysis of blinded/unblinded randomized trials in
pediatric and obstetrical settings [36]. The lack of statisti-
cal significance may be due to a lack of power in detect-
ing a significant interdependence of treatment effect and
PROBE study design. The interaction test is known to
suffer from lack of power even in a meta-analysis com-
bining the results from many studies, as previously
reported [37]. Only meta-epidemiological approaches
encompassing more than 1000 trials can achieve statistical
significance [11].

Other authors have already highlighted the potential
biases introduced by the PROBE design [11,38]. In a trial
comparing rosiglitazone with a combination of metformin
and sulphonylurea in type 2 diabetes, an FDA review
revealed a differential assessment of outcomes, resulting
from under-reporting of events occurring in the active
arm to the blinded endpoint committee, compared with
those occurring in the control arm, leading to spurious
underestimation of the rate of myocardial infarction [38].
Robust outcomes, such as all-cause mortality, were less
likely to be influenced by reporting bias [11]. Our meta-
analysis showed no impact of the PROBE study design
on the reported risk of cardiovascular and all-cause mor-
tality. Nevertheless, the other potential biases that could
lead to enhancement of the treatment effect with the
PROBE design in comparison to the double-blind design
are less well known. Apart from reporting bias, the lack
of blinding of investigators might potentially lead to an
imbalance between patients receiving VKAs or NOAs

© 2013 International Society on Thrombosis and Haemostasis



Impact of open design on effect of NOA in NVAF 1245

2In[Ie) [eUdl yum syuaned Ul paonpal 919m SISO(JL S10183NISIAUL [BL) oY) AQ PIPIACId 910M BIBD [BUONIPPY . WSIOQUI JIWAISAS PUB IO1I$

‘gSS ‘urodpue-papurlq ‘uado ‘paziopuel ‘9ansadsord ‘GGOYUd Arep 9ouo ‘po pajrodar Jou YN WISKs asuodsar-odI0A QAORINUI ‘SYA] (SISA[eur Jea1-0j-uonudul ‘1] A[Iep 201m) ‘prg

smes YA Joud o) po Sw ()9 urqexopyg 1031qIquI uadQ
J1s1A dn-mof[joj yoam-g I [000101d 194 SUuIpI0do® UONBIYNBIIS po Sw (¢ ueqexopg X 10108 [Iaseyd 10T /v 12 BIYSeWeR X
1oyqiyur pulg-sj[qnodg
usia dn-mof[og Yeam-z] 8¢ ENN AN Po S G UBGRXOIRALY  BX 10108 HI3seyd 10T ‘AV-LdAD0d-[
(SYAID) pazi[enuad pue po Sw (9 ueqexopyg fonqryur 440dd
dn-morjoj jo pug € SOWO2INO [V parerouas-rndwo) po Sw (¢ ueqexopg X I0108] 11 aseyd 1102 v 12 Suny)
1onqiyur 440dd
dn-mofjoj jo pug € [000101d 1o AN Piq Sw g Jo ¢z ueqexidy  BY I0j0R4 Ioseyd  110T ‘(A TLOLSTIY
snjels YA Joud
pu® 21Is 2ANBIIISOAUT 0)
PIAIIOAT ASOP 1SB] SUIPI0dJ® UOTIBOYIIBIIS —
19)Je sAep 7 :sowodno K19Jeg (SYAID Pazifenudd pue 10)qIyur puig-sqnog
)P JJO-IND :SAWO0IINO AORIYJH 91T SOWO2INO [ pajeIouas-rndwo) +p1q 3w ¢ ueqexidy  ®Y 101084 111 2seyq 1107 ‘ATLOLSIIdV
sjuer[ngeoONUR
[BUONUIATOD M (SYAD pozieauso pue 1oyqiyur pulig-slqno
juawiean-fpqe] uado 01 Yoms €T 4SS pajerduas-rondwo)) Lpo 3w (g ueqexoreAary  BYX 1030B4 111 aseyd 1102 ‘1L33D0Y
(SYAID) pazi[enud pue po 3w (9 ueqexopyg lonqryur 440dd
dn-mojjoj jo pug (1%% AN pajerauas-rondwo)) po Sw (¢ ueqexopg  BYX J10)0B] 11 aseyd 010T IV 12 Z3IOM
(SYAID) pazi[enuad pue piq Sw (G uenesiqeq  1oNqryur 440¥Ud
AN 0'%¢C SOWONO Iy pajeIouag-1andwo) piq Sw (][ uenesiqeg  UIQWOIY], I11 oseyd 600C ‘AT-d4d
sme1s YA Joud o)
SuIpI0d9® UONIBOYIIRIIS —
(SYAT) pozienud 1oyqiyur uado
AN 0 AN pue pajesouds-rndwo) po Sw 00€ LELOAZY — WIQUOIY], 11 aseqq 600T v 12 dr]
1oyqiyur 440dd
1s1A dn-mof[oJ yoam-7 | 0¢ [000301d 19g uonedynens asoq piq Sw (oG] uenEIIqR( ~ UIqQUOIY] II aseyd L00T ‘Od.Ldd
pIq Suw 0G|
uenesiqe piq w o1 loyquyur uado
AN € AN AN uenesiqe  UIquOIYL I19seUd  «L00T “80¥9€110 LON
HSS ‘SuIpad|q (SYAD Ppazi[enuso pIq Sw 9¢ Iouqmur - purq-s[qnog
‘TN JJe sypuowt ¢ 0°0c dss ‘weed pue pejereuas-remduwo) uenesepwrK  UIqUOIYL 11T =seqyd S00T ‘A A1LLYOdS
ASS ‘Surpadjq uondIejul [RIPILdOAU (SYAD pazienuad p1q Sw 9¢ JToyqryut 4404d
‘TN 1 sypuowt ¢ VLI ASS ‘wesq pue pejereuas-remduwo) uenesepwrK  UIqUOIYL 111 =seqyd €00T ‘I A1L40dS
(LLD) rutodpuo jo Surwr], (syruowr) L1I potou juou Lo} SSB[o udsoq 183K
dn-mof[oJ ueay uoneziopuey VON VON ‘TRLLL

PapnoUl SAIPNIS AY) JO SAMSLIANORIBYD T dqRL

© 2013 International Society on Thrombosis and Haemostasis



1246 J.-C. Lega et al

Table 3 Assessment of the risk of bias according to the Cochrane Collaboration’s tool

Blinding of Blinding of
Random sequence Allocation participants and outcome Incomplete Selective
generation concealment personnel assessment outcome data reporting
SPORTIF III, 2003 + + - + + +
SPORTIF V, 2005 + + + + + +
NCT 01136408, 2007 ? ? — - ? +
PETRO, 2007 + ? - + + +
Lip et al. 2009 + + — — + +
RE-LY, 2009 + + - + + +
Weitz et al. 2010 + + - + + +
ROCKET, 2011 + + + + + +
ARISTOTLE, 2011 + + + + + +
ARISTOTLE-J, 2011 + ? — + + +
Chung et al. 2011 + + — + + +
J-ROCKET-AF, 2012 ? ? + + +
Yamashita et al. 2012 ? ? — — - +
+, low risk of bias; —, high risk of bias; ?, unclear risk of bias.
Table 4 Trial results
Trial name, Patients Ischemic ~ Hemorrhagic Intracranial ~ All-cause Cardiovascular
Year Group (n) Stroke/SE  stroke/SE  stroke MB  bleeding mortality mortality AMI
SPORTIF III, X 36 mg bid 1704 40 36 4 29 10 78 40 24
2003 VKA 1703 56 43 9 41 13 79 33 13
SPORTIF V, X 36 mg bid 1960 51 51 2 70 7 116 NR 26
2005 VKA 1962 37 37 2 93 9 123 NR 37
NCT 01136408, D 110 bid 46 0 0 0 0 0 0 0 0
2007 D 150 bid 58 0 0 0 1 0 0 0 0
VKA 62 1 1 0 1 0 0 0 0
PETRO, D 150 mg bid 166 0 0 0 0 0 NR NR NR
2007 VKA 70 0 0 0 0 0 NR NR NR
Lip et al. AZDO0737 151 0 0 0 0 0 0 0 1
2009 VKA 318 1 1 0 2 0 2 0 1
RE-LY, D 110 mg 6015 183 170 14 322 27 446 289 98
2009 D 150 mg 6076 134 124 12 399 36 438 274 97
VKA 6022 202 156 45 421 87 487 317 75
Weitz et al. E 30 mg od 235 1 0 0 0 NR NR 2 2
2010 E 60 mg od 234 1 0 0 1 NR NR 0 2
VKA 250 3 3 0 1 NR NR 2 0
ROCKET, R 15 or 7081 269 154 29 395 55 208 170 101
2010 20 mg od
VKA 7090 306 183 50 386 84 250 193 126
ARISTOTLE, A 2.5 or 9120 212 177 40 327 52 603 0.89 (0.76-1.04) 90
2011 5 mg
VKA 9081 265 192 78 462 122 669 102
ARISTOTLE-J 2.5 mg bid 74 0 0 0 0 0 0 0 0
2011 5 mg bid 74 0 0 0 0 0 0 0 0
VKA 74 3 2 1 1 1 0 0 0
Chung et al., E 30 mg od 79 0 0 0 0 0 0 0 0
2011 E 60 mg od 80 0 0 0 0 0 1 1 0
VKA 75 0 0 0 2 0 1 0 0
J-ROCKET-AF, R 10 or 640 22 8 3 26 4 7 6 3
2012 15 mg od
VKA 640 26 18 4 30 10 5 2 1
Yamashita er al., E 30 mg od 130 0 0 0 0 0 0 0 0
2012 E 60 mg od 130 0 0 0 2 1 1 0 0
VKA 125 0 0 0 0 0 1 0 0

A, apixaban; AMI, acute myocardial infarction; bid, twice daily; D, dabigatran; E, edoxaban; MB, major bleeding; NOA, new oral anticoagu-
lant; NR, not reported; od, once daily; R, rivaroxaban; SE, systemic embolism; VKA, vitamin K antagonist; X, ximelagatran.
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MAIN OUTCOMES o Interaction  Enhancement of RR with
RR [95% CI] test PROBE/Open design
Stroke — systemic embolism
Double-blind studies, 37665 patients, 4 trials -+ 0.88[0.78; 0.98] P=016 +16% [=5: +41%]
PROBE/Open studies, 23955 patients, 9 trials B 0.76 [0.65; 0.89] ' '
Major bleeding
Double-blind studies, 37637 patients, 4 trials = 0.83[0.65; 1.06] P077 3% [36; +26%]
PROBE/Open studies, 23955 patients, 9 trials + 0.86 [0.77; 0.97] - ° ’ °
Intracranial bleeding
Double-blind studies, 37637 patients, 4 trials —+— 0.52[0.43; 0.66] P=0.16 +33% [-9: +929%]
PROBE/Open studies, 22574 patients, 7 trials —t— 0.40 [0.30; 0.54] ’
All cause mortality
Double-blind studies, 35665 patients, 4 trials =+ 0.89[0.82; 0.97] P=071 0% [-14: +12%]
PROBE/Open studies, 22997 patients, 7 trials -+ 0.911[0.83; 1.01] ’ '
Cardiovascular mortality
Double-blind studies, 33743 patients, 3 trials -+ 0.89[0.79; 1.01] P 0.86 09 [18: +17%
PROBE/Open studies, 23716 patients, 8 trials 4 0.91[0.80; 1.03] - —2% [18; +17%]
OTHER OUTCOMES
Ischemic stroke — systemic embolism
Double-blind studies, 36387 patients, 3 trials 4 0.92[0.81; 1.06] P=076 +3% [-17; +29%]
PROBE/Open studies, 23955 patients, 9 trials —+ 0.89[0.75; 1.07] ’ '
Haemorrhagic stroke
Double-blind studies, 36387 patients, 3 trials —— 0.55[0.81; 0.73] N o
PROBE/Open studies, 23236 patients, 8 trials ——f—— 0.33[0.21;050] 005 +67% [+0; +281%]
Extracranial bleeding
Double-blind studies, 37637 patients, 4 trials - 0.95 [0.86; 1.05]
) T P=0.69 —3% [-18; +14%
PROBE/Open studies, 22574 patients, 7 trials =t 0.98[0.87; 1.12] ol °
Myocardial infarction
Double-blind studies, 37665 patients, 4 trials —— 0.82[0.69; 0.98] P < 0.0001 —~35% [15; ~49%]
PROBE/Open studies, 23716 patients, 8 trials —— 1.37[1.07; 1.75] ’
0.2 0.5 1.0 1520

Fig. 3. Analysis of interaction between study design and treatment effect.

with regard to medical interventions such as invasive
investigations or prescriptions (e.g. co-administration of
antiplatelet agents) after randomization and result in con-
fusion bias. The enrichment of our meta-analysis by pub-
lication of the results of ongoing trials may provide
additional arguments to confirm or refute our assump-
tions.

Regarding safety, the PROBE design seems to influence
the results by overestimating the observed reduction in
the risk of intracranial hemorrhage by 33% and that of
hemorrhagic stroke by 67% compared with the DB
design, resulting in the consistent core benefit of these
new drugs across all trials. Even though this observation
concerning safety may result from a detection bias due to
the lack of blinding of suspected outcome occurrence in
PROBE/open studies (i.e. observer bias), we cannot rule
out the impact of a confounding factor. Indeed, the large

© 2013 International Society on Thrombosis and Haemostasis

PROBE/open studies mainly assessed oral direct throm-
bin inhibitors whereas double-blind studies mainly
assessed FXa inhibitors, and it is conceivable that the risk
of intracranial bleeding differs between the two pharma-
cological classes. If the site of bleeding is related to the
pharmacological class, it is impossible to know if the
interaction is related to the study design or the type of
drug evaluated. As for myocardial infarction [39], we can-
not preclude a difference between thrombin and FXa
inhibitors as regards the reduction of hemorrhagic stroke
risk, with a greater risk reduction by oral direct thrombin
inhibitors.

In conclusion, our meta-analysis did not show a
significant interaction of study design on the main efficacy
and safety outcomes. Nevertheless, the non-significant
interaction seen on analysis of the effect of NOAs in
reducing the risk of SSE suggests an interdependence of
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MAIN OUTCOMES

Stroke — systemic embolism
Direct thrombin inhibitors, 25847 patients, 5 trials
FactorXa inhibitors, 35773 patients, 8 trials

Major bleeding
Direct thrombin inhibitors, 25847 patients, 5 trials
FactorXa inhibitors, 35745 patients, 8 trials

Intracranial bleeding
Direct thrombin inhibitors, 25847 patients, 5 trials
FactorXa inhibitors, 34364 patients, 6 trials

All cause mortality
Direct thrombin inhibitors, 25608 patients, 4 trials

FactorXa inhibitors, 35054 patients, 7 trials

Cardiovascular mortality
Direct thrombin inhibitors, 21686 patients, 3 trials
FactorXa inhibitors, 35773 patients, 8 trials

OTHER OUTCOMES

Ischemic stroke — systemic embolism
Direct thrombin inhibitors, 25847 patients, 5 trials
FactorXa inhibitors, 34495 patients, 7 trials
Hemorrhagic stroke
Direct thrombin inhibitors, 25847 patients, 5 trials
FactorXa inhibitors, 33776 patients, 6 trials
Extracranial bleeding
Direct thrombin inhibitors, 25847 patients, 5 trials
FactorXa inhibitors, 34364 patients, 6 trials
Myocardial infarction

Direct thrombin inhibitors, 25608 patients, 4 trials
FactorXa inhibitors, 35773 patients, 8 trials

RR [95% ClI] Interaction
test
0.83[0.71; 0.96] P08
e 0.84 [0.75; 0.95] e

0.85[0.77; 0.95]

P=0.99
4 0.85[0.77; 0.94]
0.43[0.32; 0.57]

P=0.32
—t— 0.51[0.41; 0.65]
0.92[0.84; 1.01]

P=0.54
~+ 0.88[0.80; 0.97]
0.91[0.80; 1.03]

P=0.77
=}= 0.89[0.79; 1.01]
0.97[0.82; 1.14]

P=0.36
—+ 0.87[0.75; 1.01]
0.33[0.22; 0.51]

P=0.07
0.54 [0.40; 0.72
" [ ]
0.95[0.84; 1.07]

P=0.76
- 0.98[0.88; 1.08]
1.20[0.96; 1.50]

P=0.02
—+— 0.85[0.70; 1.03]

0.5 1.0 1520

0.2

Fig. 4. Analysis of interaction between pharmacological class and treatment effect.

treatment effect and PROBE study design, especially with
regard to hemorrhagic stroke risk, necessitating careful
interpretation of trials using this design. However, we
cannot rule out a difference in intracranial bleeding risk
between the two pharmacological classes of NOAs.
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