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ABSTRACT

Aim. The direct oral anticoagulants (DOAC) have similar half-lives, but the dosing regimen
varies between once daily (QD) or twice daily (BID). For some prescribers, the QD regimen
improves compliance. Others prefer BID regimens to promote better stability of plasma
concentrations, particularly in the event of missed doses. Limited level of evidence provides
guidance about the best treatment strategy. The purpose of this study was to compare the
treatment effect of QD vs. BID administration of DOACs in major orthopedic surgery (MOS),
non-valvular atrial fibrillation (NVAF), venous thromboembolism (VTE), and acute coronary
syndrome (ACS).

Methods. We conducted a systematic review up to April 2020. We included phase Il clinical
trials comparing DOAC QD vs BID with same daily dose. We extracted data for the occurrence
of major thrombosis (proximal deep vein thrombosis, pulmonary embolism, myocardial
infarction, ischemic stroke) and major hemorrhage (ISTH criteria and recommendations of the
European Medicines Agency for surgical patients). Relative risks (RR) were combined using a
fixed and random effects weighted meta-analysis.

Results. Twelve randomized, controlled, phase Il trials were included (10,716 patients),
representing 24 dosing regimen comparisons of apixaban, darexaban, edoxaban, rivaroxaban,
letaxaban, and dabigatran. There was no difference for major thrombotic event
(RReip/qp=1.06, 95%IC 0.86 — 1.30) nor for major bleeding (RRsip/qp=1.02, 95%IC 0.84 — 1.23)
between the BID vs QD regimens, without heterogeneity (1=0%).

Conclusion. Our study does not support a global difference in term of efficacy and safety of

the BID and QD regimens of DOAC in MOS, NVAF, VTE and ACS.



KEYWORDS

Meta-analysis, direct oral anticoagulant, dosing regimen, major bleeding, risk of thrombosis



INTRODUCTION

The direct oral anticoagulants (DOAC) inhibiting thrombin or factor Xa are now
recommended for the prevention of systemic embolism in non-valvular atrial fibrillation
(NVAF), the prevention of venous thromboembolism (VTE) in major orthopedic surgery
(MOS) and the treatment of acute VTE and to a lesser extent, in the prevention of
atherothrombotic events after acute coronary syndrome (ACS) [1,2]. Results of large phase IlI
clinical trials have led to the approval of several DOAC by the Federal and Drug
Administration and the European Medicines Agency thanks to an acceptable efficacy and a
better safety profile in terms of reduction of major bleeding (MB) complications compared to
vitamin K antagonist (VKA) or low molecular weight heparin (LWMH) [3-6] .

The dosing regimens in phase Il clinical trials were based on the pharmacokinetics of the
compound as well the effects of variable dosing fractionation on clinical outcomes in phase Il
trials. Therefore, according to the molecule and the indication chosen, the recommended
dosing regimen varies between once daily (QD) or twice daily (BID). In pharmacokinetic
models, while the QD regimen may improve compliance, the BID regimen may promote
better stability of plasma concentrations, particularly in the event of missed doses, but the
clinical impact of QD versus BID regimens remains unclear [7]. However, phase Il clinical trials
were underpowered to detect a statistical difference in outcomes between the QD and BID
regimens. Consistently, a previous meta-analysis [8] suggested a superiority of BID versus QD
in preventing thrombotic events, although these estimates may have been flawed by
inconsistency due to the indirect comparison approach[9]. Moreover, the authors
compounded several drugs depending on whether they were taken once or twice a day and
restricted their analysis to atrial fibrillation, one specific indication of DOAC. The numerous

randomized phase Il clinical trials assessing variable DOAC dosing regimens allow the precise



estimation of the treatment effect of BID versus QD regimens on thrombotic and
hemorrhagic events using head to head comparisons of multi-arms trials.

The main objective of this study is therefore to synthetize available evidence from direct
comparison between twice- versus once-daily doses of DOAC for enrolled patients in phase Il

clinical trials comparing DOAC to active comparators or placebo.

METHODS

The methods of this meta-analysis are in accordance with the Cochrane Handbook for
Systematic Reviews of Interventions. This report was written in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) [10]. The protocol of the
present study was submitted to PROSPERO (http://www.crd.york.ac.uk/PROSPERO,

registration CRD42020156371).

Literature search strategy. We searched Medline (PubMed), Embase, The Cochrane Library
and ClinicalTrials.gov up to April 2020, using sensitive methods and employing the keywords:
dabigatran (BIBR1048), rivaroxaban (BAY 59-7339), apixaban, betrixaban, edoxaban (DU-
176b), ximelagatran, AVE5026, AZD0837, LY517717, eribaxaban (PD 0348292), RB0O06,
SR123781A, darexaban (YM150), latexaban (TAK-442), TTP889, GW813893, RO-14,
AS1927819-00, TB 402, AS1932804-00 and warfarin. Search terms included combinations of
free text and medical subject headings (MeSH). The complete search strategies may be found
in Appendix S1. We also reviewed the citations of the retrieved studies, reviews and meta-
analyses obtained by searches of PubMed and Embase. No restriction with regard to
language or population size was applied.

Outcomes. The efficacy outcome was major thrombotic events defined as, depending of the

indication, proximal deep vein thrombosis or pulmonary embolism, stroke or myocardial
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infarction, or severe recurrent ischemia. The main safety outcome was major bleeding
defined by the International Society on Thrombosis and Haemostasis [11] or, the Bleeding
Academy Research Consortium [12] for acute coronary syndromes or the Guidelines of
European Medicines Agency for surgical patients [13], as reported in the individual trials.
Study selection. A single reviewer (SM) screened titles and abstracts. Then, two reviewers
(SM, JCL) independently screened the full-text articles. Studies were included if the following
criteria were fulfilled: randomized, controlled, phase Il trials conducted in patients with ACS,
NVAF, VTE, and MOS (including total knee and hip arthroplasties) thromboprophylaxis
comparing the QD and BID regimen with the same daily dose of oral factor Xa or thrombin
inhibitors. Patients in the control group had to receive an active referenced control or a
placebo. Studies were excluded if they were cohort, cross-over or case-control studies. In
case of conflict, consensus was reached through discussion.

Data extraction and quality assessment. Data from the included studies were
independently extracted by two authors (SM, JCL). For each included study, we extracted the
name of the study, first author's name, year of publication, indication (ACS, NVAF, VTE or
MOS), follow-up period, number of participants, patient characteristics (mean age, male
proportion), intervention drug and used doses, control drug and used dose and number of
thrombotic and major bleeding events. The studies quality was assessed using the revised
Cochrane tool for randomized trials [14]

Statistical analyses. Included studies were randomized controlled trials, therefore the risk
ratio (RR) was calculated, using QD as reference, using the inverse variance weighting for
pooling. The heterogeneity between studies was assessed using |* test. Random-effects
model was used if heterogeneity was detected (1°>50%); otherwise, fixed-effect model was

used. Subgroup and meta-regression analyses were planned to further investigate between-



study sources of significant heterogeneity. Four subgroups were defined for categorical
variables: DOAC mechanism of action (direct reversible thrombin inhibitor or direct reversible
Xa inhibitors), indication of DOAC (MOS, NVAF, VTE and ACS), the specific DOAC tested, and
the DOAC approved vs. not approved. The continuous variable selected in the meta-
regression was half-life of DOAC. Results were presented graphically (forest plots), including
the RR and corresponding 95% confidence intervals (95% Cl). The presence of publication
bias was evaluated with funnel plots. The statistical significance was reached when the p-
value of association was <0.05. Analyses were performed using R 3.1.2 (function metabin,

package meta; R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Study selection. Among the 1,025 records identified, 12 studies (10,716 patients) evaluating
DOAC for MOS (k=4) [15-18], NVAF (k=2) [19,20], VTE (k=2) [21,22], and ACS (k=4) [23-26]
were included in the quantitative meta-analysis, representing 24 dosing regimen
comparisons. The reasons for excluding studies are provided in Figure 1. Details about the
32 phase |l trials screened but not included because of the lack of comparison of the two
regimens (QD or BID) for a same daily dose are available in Table S1. All included studies
were randomized, controlled, phase Il trials sponsored by pharmaceutical industries. Patients
and study characteristics are shown in Table 1. Pharmacokinetic properties of the 5 factor Xa
inhibitors (apixaban, k=3 [15,21,23]; darexaban, k=3 [17,19,26]; edoxaban, k=1 [20];
rivaroxaban, k=2 [22,24]; and letaxaban, k=2 [18,25]) and 1 direct thrombin inhibitors
(dabigatran, k=1 [16]) evaluated are summarized in Table 2. The risk of bias assessment is

provided in Table 3. Four of the 12 studies were considered as high risk of bias, mostly



because intention-to-treat analysis was not correctly applied or missing data for which it was
not known how they were managed.

Major thrombotic and bleeding events. Major thrombotic events were reported in
188/4825 patients treated with DOAC BID, and in 177/4809 patients treated with DOAC QD
(RRgipap=1.06, 95%IC 0.86-1.30, 1°=0%; Figure 2A). Similarly, major bleeding events were
reported in 204/5306 patients treated with DOAC BID and in 198/5314 patients treated with
DOAC QD (RRgipap=1.02, 95%IC 0.84-1.23, 1°=0%; Figure 2B). The visual inspection of the
funnel plots did not suggest publication bias for thrombotic major bleeding events (Figure 3).
Subgroup analyses. In the subgroup analyses, there was no difference according to the
DOAC mechanism of action (Figure S1), DOAC indication (Figure S2), specific DOAC
evaluated (Figure S3), or approved vs. not approved DOAC (Figure S4) for thrombosis or
major bleeding. Consistently, there was no association between DOAC half-life and RR of
major thrombotic event ($=0.044, 95%IC -0.030 - 0.12, p=0.25) and major bleeding (=0.034,
95%IC -0.049 - 0.12, p=0.42) in meta-regression. When excluding the studies at high risk of
bias, thrombotic events (RRpp/qp=0.96, 95%IC 0.76-1.20, 1’=0%) and major bleeding
(RRgip/ap=1.02, 95%IC 0.82-1.25, 1*°=0%) remained non-significantly different between BID and

QD (Figure S5).

DISCUSSION

The present meta-analysis documented, using direct comparison from head to head phase I
randomized controlled trials totalizing more than 10,000 patients, that BID or QD DOAC
dosing regimens are associated with similar risk of thrombosis and major bleeding events
when used in the context of ACS, NVAF, VTE, and MOS thromboprophylaxis. These results

were also consistent across clinically relevant subgroups, including the primary indication for



DOAC, its mechanism of action or specific DOAC evaluated, supporting current dosing
regimens for DOAC.

Direct oral anticoagulants differ in their mechanism of action with two classes: direct
reversible thrombin (dabigatran) or factors Xa inhibitors (apixaban, darexaban, edoxaban,
letaxaban, rivaroxaban). Few of them are prodrugs (dabigatran and darexaban). Oral
availability largely differs between DOAC, ranging from 6% for dabigatran to 80-100% for
rivaroxaban [2,27], whereas half-life estimates range 5 from 18 hours [2,27-29]. The regimen
tested in the phase Il trials were chosen based on various considerations [30]. For
dabigatran, the QD dosing regimen was associated with a larger peak-trough difference
compared to BID, even if efficacy and bleeding rate were almost identical [16]. Dabigatran
QD was selected for VTE prevention to minimize the risk of bleeding [31,32], whereas
dabigatran BID was selected for VTE treatment due to the high risk of recurrent thrombosis
during the acute phase of VTE [33]. Similarly, only BID regimen was tested in phase Il for
dabigatran in NVAF [34]. For rivaroxaban, a robust database of phase Il data supported by a
pharmacological modeling and a population analysis of phase Il clinical data confirmed that
QD dosing does not expose patients to a greater risk of bleeding or thrombus progression in
VTE [35]. The same dose was used by inference in NVAF. Conversely, a BID rivaroxaban
dosing regimen was chosen for phase Il ACS study, based on its pharmacokinetic and
pharmacodynamic profile and a non-significant increase in clinically significant bleeding and
thrombotic events with QD regimen in phase Il ACS trials [24]. A population pharmacokinetic
analysis of the exposure-response associated with a regression analysis on the dose response
was performed to select the BID regimen for apixaban in NVAF [36], whereas the Apixaban
2.5mg BID was choosen based on the APROPOS trial reporting a non-significant decrease in

the primary outcome (including VTE events and death from any cause) with BID regimen



compared to QD [15]. BID edoxaban was associated with more bleeding than QD in a NVAF
phase Il trial [20], and the QD dose was therefore chosen for phase lll trials in all indications
tested [37,38].

These results thus challenged the usual pharmacokinetic considerations [39]. A BID regimen
should theoretically minimize daily fluctuations in plasma concentrations minimizing the
bleeding risk due to supratherapeutic peak plasma concentrations (Cnax) and maintaining
sufficient trough concentrations (Ciough) to prevent the development of thrombus, but the
impact on clinical outcome remains to be proven [7]. In the real world, the efficacy/safety
evaluation is also influenced by patient adherence to therapy. It is well admitted that QD
dose regimen is usually better for patient adherence, as the percentage of doses taken is
generally higher with less frequent dosing regimen [40,41]. Nevertheless, simulation of the
consequences of non-adherence indicates that BID DOAC could be beneficial for maintaining
continuity of drug action when there is variable drug exposure [7]. More importantly, current
treatment regimens were most determined using exposure-response regression analysis or
data from phase Il clinical trials that were generally underpowered to detect slight although
relevant differences in thrombotic and major bleeding events. Accordingly, the dosing
regimen, QD or BID, remains debated.

In that context, meta-analysis may provide a more precise estimate of the effect of the
dosing regimens on the thrombotic and major bleeding events than any individual study
contributing to the pooled analysis. Two previous meta-analyses thus explored the QD versus
BID regimens[8,42]. Importantly, both used an indirect comparison approach between single
arms from phase Il DOAC trials. Clemens et al. [8] first documented BID regimen to have
better risk-benefit balance in NVAF. With 71,683 patients included, this powerful meta-

analysis suffers from high heterogeneity, and common estimates are lacking especially
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concerning bleeding risk. BID regimens are composed with apixaban and dabigatran,
whereas QD included rivaroxaban and edoxaban. The conclusion of the paper is supported
by two significant HR, respectively dabigatran vs rivaroxaban and edoxaban in stroke and
systemic embolism (HR 0.75 95%CI 0.58-0.96), and dabigatran and apixaban vs rivaroxaban in
intracranial hemorrhage (HR 0.57 95%Cl 0.37-0.88). Other HR remain non-significant. Wang
et al[42] focused on 6,496 Asian patients. No significant difference in thrombotic risk and
major bleeding was reported. Their results are comforted by a network analysis. However, as
DOAC are used in several indications with a large diversity of patient’s characteristics, indirect
comparisons are at high risk of inconsistency related to confounders for comparing BID and
QD regimens. The present meta-analysis included phase Il studies and direct comparisons
were available, limiting the inconsistency. Interestingly, the same question — BID vs. QD -
arose with low molecular weight heparins in the management of venous thromboembolism.
Several meta-analyses on the subject have been published [43,44], using direct or indirect
comparisons, and none of them showed any significant difference in terms of thrombotic
recurrence and bleeding event.

We acknowledge some limitations in this study. First, we pooled thrombotic and major
bleeding events from trials evaluating DOAC for numerous indications, including VTE
prophylaxis after MOS, stroke reduction related to NVAF, treatment of VTE, and ACS. The
major efficacy outcome included therefore VTE, stroke and myocardial infarction. However,
beyond the discrepancies of the patients’ characteristics, the weight of outcomes should be
considered as similar irrespective of anticoagulant indications, confirmed by the absence of
significant heterogeneity amongst trials and the subgroup analyses. Second, not all drugs
were evaluated in every indication for BID vs. QD regimens, which could mean that only the

safest regimens were tested. On the other part, we also included drugs that were not
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approved after phase Il trials, to maximize the number of patients included and increase the
power. Third, more than a third of the trials had a high risk of bias. Nevertheless, sensitivity
analyses carried out after removing these studies found overlapping results. Four, despite the
inclusion of more than 10,000 patients in the meta-analysis, we could not exclude a lack of
power to detect a difference between dosing regimens. However, it is important to note that
in our meta-analysis without substantial heterogeneity the bound of confidence interval did
not exceed 30% of risk augmentation neither for thrombosis nor bleeding. The 30% increase
in risk is less than most often chosen as a limit in non-inferiority studies comparing DOAC
and warfarin [45,46]. At last, the included studies contain little information on drug
adherence, even if this issue is central to the management of anticoagulants and can have an
impact on outcomes. Of the included studies, only three (ODIXa-DVT, ONYX-3, Botticelli DVT)
addressed treatment compliance. In one study, results were not reported. In the other two,

compliance was above 80%.

CONCLUSION

Our meta-analysis using direct comparison from head to head phase Il randomized
controlled trials suggest similar safety and efficacy for DOAC prescribed OD and BID for the
various specific DOAC and indications evaluated to date. These results thus question the
appropriateness of some currently approved dosing regimens. However, they are not
applicable in real-life population, because providing from not recommended regimens.
Moreover, patients from RCT are specific, with high compliance, and potential selection bias.
To answer the question, a large real-life study comparing different dosing regimen should

provide the strongest evidence.

12



REFERENCES

[1]

[2]

L.H. Lee, DOACs — advances and limitations in real world, Thromb. J. 14 (2016) 17.
https://doi.org/10.1186/s12959-016-0111-3.

B. Paravattil, H. Elewa, Approaches to Direct Oral Anticoagulant Selection in
Practice, J. Cardiovasc. Pharmacol. Ther. 24 (2019) 95-102.
https://doi.org/10.1177/1074248418793137.

V. Mai, C.-A. Guay, L. Perreault, S. Bonnet, L. Bertoletti, Y. Lacasse, S. Jardel, J.-C.
Lega, S. Provencher, Extended Anticoagulation for VTE, Chest. 155 (2019) 1199-
1216. https://doi.org/10.1016/j.chest.2019.02.402.

V. Mai, L. Bertoletti, M. Cucherat, S. Jardel, C. Grange, S. Provencher, J.-C. Lega,
Extended anticoagulation for the secondary prevention of venous
thromboembolic events: An updated network meta-analysis, PLOS ONE. 14
(2019) e0214134. https://doi.org/10.1371/journal.pone.0214134.

R.C.P. Makam, D.C. Hoaglin, D.D. McManus, V. Wang, J.M. Gore, F.A. Spencer, R.
Pradhan, H. Tran, H. Yu, RJ. Goldberg, Efficacy and safety of direct oral
anticoagulants approved for cardiovascular indications: Systematic review and
meta-analysis, PLOS ONE. 13 (2018) e0197583.
https://doi.org/10.1371/journal.pone.0197583.

L. Monaco, C. Biagi, V. Conti, M. Melis, M. Donati, M. Venegoni, A. Vaccheri, D.
Motola, Safety profile of the direct oral anticoagulants: an analysis of the WHO
database of adverse drug reactions: Comparative safety profile of DOACs, Br. J.
Clin. Pharmacol. 83 (2017) 1532-1543. https://doi.org/10.1111/bcp.13234.

B. Vrijens, H. Heidbuchel, Non-vitamin K antagonist oral anticoagulants:
considerations on once- vs. twice-daily regimens and their potential impact on
medication adherence, Europace. 17 (2015) 514-523.
https://doi.org/10.1093/europace/euu311.

A. Clemens, H. Noack, M. Brueckmann, G.Y.H. Lip, Twice- or Once-Daily Dosing
of Novel Oral Anticoagulants for Stroke Prevention: A Fixed-Effects Meta-
Analysis with Predefined Heterogeneity Quality Criteria, PLoS ONE. 9 (2014)
€99276. https://doi.org/10.1371/journal.pone.0099276.

A. Glenny, D. Altman, F. Song, C. Sakarovitch, J. Deeks, R. D'Amico, M. Bradburn,
A. Eastwood, Indirect comparisons of competing interventions, Health Technol.
Assess. 9 (2005). https://doi.org/10.3310/hta9260.

PRISMA-P Group, D. Moher, L. Shamseer, M. Clarke, D. Ghersi, A. Liberati, M.
Petticrew, P. Shekelle, L.A. Stewart, Preferred reporting items for systematic
review and meta-analysis protocols (PRISMA-P) 2015 statement, Syst. Rev. 4
(2015) 1. https://doi.org/10.1186/2046-4053-4-1.

S. Schulman, C. Kearon, the subcommittee on control of anticoagulation of the
scientific and standardization commitee of the internation society on thrombosis
and haemostasis, Definition of major bleeding in clinical investigations of
antihemostatic medicinal products in non-surgical patients: Definitions of major
bleeding in clinical studies, J. Thromb. Haemost. 3 (2005) 692-694.
https://doi.org/10.1111/j.1538-7836.2005.01204 .x.

13



[12] R. Mehran, S.V. Rao, D.L. Bhatt, C.M. Gibson, A. Caixeta, J. Eikelboom, S. Kaul, S.D.
Wiviott, V. Menon, E. Nikolsky, V. Serebruany, M. Valgimigli, P. Vranckx, D.
Taggart, J.F. Sabik, D.E. Cutlip, M.W. Krucoff, EEM. Ohman, P.G. Steg, H. White,
Standardized Bleeding Definitions for Cardiovascular Clinical Trials: A Consensus
Report From the Bleeding Academic Research Consortium, Circulation. 123
(2011) 2736-2747. https://doi.org/10.1161/CIRCULATIONAHA.110.009449.

[13] Committee for Medicinal Products for Human Use (CHMP), European Medicines
Agency, Guideline on clinical investigation of medicinal products for prevention
of venous thromboembolism (VTE) in patients undergoing high VTE-risk surgery,
(2013).

[14] J.A.C. Sterne, J. Savovi¢, M.J. Page, R.G. Elbers, N.S. Blencowe, |. Boutron, C.J.
Cates, H.-Y. Cheng, M.S. Corbett, S.M. Eldridge, J.R. Emberson, M.A. Hernan, S.
Hopewell, A. Hrobjartsson, D.R. Junqueira, P. Jini, J.J. Kirkham, T. Lasserson, T. Li,
A. McAleenan, B.C. Reeves, S. Shepperd, I. Shrier, L.A. Stewart, K. Tilling, I.R.
White, P.F. Whiting, J.P.T. Higgins, RoB 2: a revised tool for assessing risk of bias
in randomised trials, BMJ. (2019) 14898. https://doi.org/10.1136/bm;.14898.

[15] M.R. Lassen, B.L. Davidson, A. Gallus, G. Pineo, J. Ansell, D. Deitchman, The
efficacy and safety of apixaban, an oral, direct factor Xa inhibitor, as
thromboprophylaxis in patients following total knee replacement, J. Thromb.
Haemost. 5 (2007) 2368-2375. https://doi.org/10.1111/j.1538-7836.2007.02764.x.

[16] B.I. Eriksson, O.E. Dahl, H.R. Buller, R. Hettiarachchi, N. Rosencher, M.-L. Bravo, L.
Ahnfelt, F. Piovella, J. Stangier, P. Kalebo, P. Reilly, FOR THE BISTRO Il STUDY
GROUP***, A new oral direct thrombin inhibitor, dabigatran etexilate, compared
with enoxaparin for prevention of thromboembolic events following total hip or
knee replacement: the BISTRO Il randomized trial, J. Thromb. Haemost. 3 (2005)
103-111. https://doi.org/10.1111/j.1538-7836.2004.01100.x.

[17] B. Eriksson, G. Agnelli, A. Gallus, M. Lassen, M. Prins, R. Renfurm, M. Kashiwa, A.
Turpie, Darexaban (YM150) versus enoxaparin for the prevention of venous
thromboembolism after total hip arthroplasty: a randomised phase llb dose
confirmation study (ONYX-3), Thromb. Haemost. 111 (2014) 213-225.
https://doi.org/10.1160/TH13-04-0296.

[18] J.I. Weitz, C. Cao, B.I. Eriksson, W. Fisher, S. Kupfer, G. Raskob, J. Spaeder, A.G.G.
Turpie, A dose-finding study with TAK-442, an oral factor Xa inhibitor, in patients
undergoing elective total knee replacement surgery, Thromb. Haemost. 104
(2010) 1150-1157. https://doi.org/10.1160/TH10-05-0273.

[19] G.Y.H. Lip, J.L. Halperin, P. Petersen, G.M. Rodgers, D. Pall, RW. Renfurm, A Phase
I, double-blind, randomized, parallel group, dose-finding study of the safety and
tolerability of darexaban compared with warfarin in patients with non-valvular
atrial fibrillation: the oral factor Xa inhibitor for prophylaxis of stroke in atrial, J.
Thromb. Haemost. 13 (2015) 1405-1413. https://doi.org/10.1111/jth.13025.

[20] J. Weitz, S. Connolly, I. Patel, D. Salazar, S. Rohatagi, J. Mendell, H. Kastrissios, J.
Jin, S. Kunitada, Randomised, parallel-group, multicentre, multinational phase 2
study comparing edoxaban, an oral factor Xa inhibitor, with warfarin for stroke

14



[24]

[27]

[28]

[29]

prevention in patients with atrial fibrillation, Thromb. Haemost. 104 (2010) 633-
641. https://doi.org/10.1160/TH10-01-0066.

ON BEHALF OF THE BOTTICELLI INVESTIGATORS,1 THE WRITING COMMITTEE, H.
Buller, D. Deitchman, M. Prins, A. Segers, Efficacy and safety of the oral direct
factorXa inhibitor apixaban for symptomatic deep vein thrombosis. The Botticelli
DVT dose-ranging study, J. Thromb. Haemost. 6 (2008) 1313-1318.
https://doi.org/10.1111/j.1538-7836.2008.03054 x.

G. Agnelli, A. Gallus, S.Z. Goldhaber, S. Haas, M.V. Huisman, R.D. Hull, A.K. Kakkar,
F. Misselwitz, S. Schellong, for the ODIXa-DVT Study Investigators, Treatment of
Proximal Deep-Vein Thrombosis With the Oral Direct Factor Xa Inhibitor
Rivaroxaban (BAY 59-7939): The ODIXa-DVT (Oral Direct Factor Xa Inhibitor BAY
59-7939 in Patients With Acute Symptomatic Deep-Vein Thrombosis) Study,
Circulation. 116 (2007) 180-187.
https://doi.org/10.1161/CIRCULATIONAHA.106.668020.

APPRAISE Steering Committee and Investigators, Apixaban, an Oral, Direct,
Selective Factor Xa Inhibitor, in Combination With Antiplatelet Therapy After
Acute Coronary Syndrome: Results of the Apixaban for Prevention of Acute
Ischemic and Safety Events (APPRAISE) Trial, Circulation. 119 (2009) 2877-2885.
https://doi.org/10.1161/CIRCULATIONAHA.108.832139.

J. Mega, E. Braunwald, S. Mohanavelu, P. Burton, R. Poulter, F. Misselwitz, V.
Hricak, E. Barnathan, P. Bordes, A. Witkowski, V. Markov, L. Oppenheimer, C.
Gibson, Rivaroxaban versus placebo in patients with acute coronary syndromes
(ATLAS ACS-TIMI 46): a randomised, double-blind, phase Il trial, The Lancet. 374
(2009) 29-38. https://doi.org/10.1016/S0140-6736(09)60738-8.

S. Goldstein, E.R. Bates, D.L. Bhatt, C. Cao, D. Holmes, S. Kupfer, F. Martinez, J.
Spaeder, J.I. Weitz, Z. Ye, F. Zannad, the AXIOM Investigators, Phase 2 study of
TAK-442, an oral factor Xa inhibitor, in patients following acute coronary
syndrome, Thromb. Haemost. 111 (2014) 1141-1152.
https://doi.org/10.1160/TH13-07-0543.

Ph.G. Steg, S.R. Mehta, J.W. Jukema, G.Y.H. Lip, C.M. Gibson, F. Kovar, P. Kala, A.
Garcia-Hernandez, R.W. Renfurm, C.B. Granger, RUBY-1: a randomized, double-
blind, placebo-controlled trial of the safety and tolerability of the novel oral
factor Xa inhibitor darexaban (YM150) following acute coronary syndrome, Eur.
Heart J. 32 (2011) 2541-2554. https://doi.org/10.1093/eurheartj/ehr334.

l.Y. Gong, R.B. Kim, Importance of Pharmacokinetic Profile and Variability as
Determinants of Dose and Response to Dabigatran, Rivaroxaban, and Apixaban,
Can. J. Cardiol. 29 (2013) S24-S33. https://doi.org/10.1016/j.cjca.2013.04.002.

S. Harder, Pharmacokinetic and pharmacodynamic evaluation of rivaroxaban:
considerations for the treatment of venous thromboembolism, Thromb. J. 12
(2014) 22. https://doi.org/10.1186/1477-9560-12-22.

G. Lippi, R. Gosselin, E.J. Favaloro, Current and Emerging Direct Oral
Anticoagulants: State-of-the-Art, Semin. Thromb. Hemost. 45 (2019) 490-501.
https://doi.org/10.1055/5-0039-1692703.

15



[30]

[31]

[35]

[36]

[38]

G. Renda, R. De Caterina, The new oral anticoagulants in atrial fibrillation: Once
daily or twice daily?, Vascul. Pharmacol. 59 (2013) 53-62.
https://doi.org/10.1016/j.vph.2013.07.003.

B.I. Eriksson, O.E. Dahl, N. Rosencher, A.A. Kurth, C.N. Van Dijk, S.P. Frostick, P.
Kalebo, A.V. Christiansen, S. Hantel, R. Hettiarachchi, J. Schnee, H.R. Biiller, FOR
THE RE-MODEL STUDY GROUP, Oral dabigatran etexilate vs. subcutaneous
enoxaparin for the prevention of venous thromboembolism after total knee
replacement: the RE-MODEL randomized trial, J. Thromb. Haemost. 5 (2007)
2178-2185. https://doi.org/10.1111/j.1538-7836.2007.02748 x.

B.I. Eriksson, O.E. Dahl, N. Rosencher, A.A. Kurth, C.N. van Dijk, S.P. Frostick, M.H.
Prins, R. Hettiarachchi, S. Hantel, J. Schnee, H.R. Blller, Dabigatran etexilate
versus enoxaparin for prevention of venous thromboembolism after total hip
replacement: a randomised, double-blind, non-inferiority trial, The Lancet. 370
(2007) 949-956. https://doi.org/10.1016/S0140-6736(07)61445-7.

S. Schulman, C. Kearon, A.K. Kakkar, P. Mismetti, S. Schellong, H. Eriksson, D.
Baanstra, J. Schnee, S.Z. Goldhaber, Dabigatran versus Warfarin in the Treatment
of Acute Venous Thromboembolism, N. Engl. J. Med. 361 (2009) 2342-2352.
https://doi.org/10.1056/NEJM0a0906598.

M.D. Ezekowitz, P.A. Reilly, G. Nehmiz, T.A. Simmers, R. Nagarakanti, K. Parcham-
Azad, K.E. Pedersen, D.A. Lionetti, J. Stangier, L. Wallentin, Dabigatran with or
without concomitant aspirin compared with warfarin alone in patients with
nonvalvular atrial fibrillation (PETRO Study), Am. J. Cardiol. 100 (2007) 1419-
1426. https://doi.org/10.1016/j.amjcard.2007.06.034.

W. Mueck, AW.A. Lensing, G. Agnelli, H. Décousus, P. Prandoni, F. Misselwitz,
Rivaroxaban, Clin. Pharmacokinet. 50 (2011) 675-686.
https://doi.org/10.2165/11595320-000000000-00000.

R.D. Lopes, J.H. Alexander, S.M. Al-Khatib, J. Ansell, R. Diaz, J.D. Easton, B.J. Gersh,
C.B. Granger, M. Hanna, J. Horowitz, E.M. Hylek, J.J.V. McMurray, F.W.A. Verheugt,
L. Wallentin, ARISTOTLE Investigators, Apixaban for reduction in stroke and other
Thromboembolic events in atrial fibrillation (ARISTOTLE) trial: design and
rationale, Am. Heart J. 159 (2010) 331-339.
https://doi.org/10.1016/j.ahj.2009.07.035.

P. Vranckx, M. Valgimigli, L. Eckardt, J. Tijssen, T. Lewalter, G. Gargiulo, V.
Batushkin, G. Campo, Z. Lysak, I. Vakaliuk, K. Milewski, P. Laeis, P.-E. Reimitz, R.
Smolnik, W. Zierhut, A. Goette, Edoxaban-based versus vitamin K antagonist-
based antithrombotic regimen after successful coronary stenting in patients with
atrial fibrillation (ENTRUST-AF PCl): a randomised, open-label, phase 3b trial,
Lancet Lond. Engl. 394 (2019) 1335-1343. https://doi.org/10.1016/S0140-
6736(19)31872-0.

A. Plitt, R.P. Giugliano, Edoxaban: Review of Pharmacology and Key Phase | to llI
Clinical Trials, J. Cardiovasc. Pharmacol. Ther. 19 (2014) 409-416.
https://doi.org/10.1177/1074248414523675.

16



[39] M. Gibaldi, D. Perrier, eds., Pharmacokinetics, Second Edition, CRC Press, 1982.
https://doi.org/10.1201/b14095.

[40] F. Laliberté, W.W. Nelson, P. Lefebvre, J.R. Schein, J. Rondeau-Leclaire, M.S. Duh,
Impact of daily dosing frequency on adherence to chronic medications among
nonvalvular atrial fibrillation patients, Adv. Ther. 29 (2012) 675-690.
https://doi.org/10.1007/s12325-012-0040-x.

[41] AJ. Claxton, J. Cramer, C. Pierce, A systematic review of the associations between
dose regimens and medication compliance, Clin. Ther. 23 (2001) 1296-1310.
https://doi.org/10.1016/S0149-2918(01)80109-0.

[42] K.-L. Wang, C.-C. Chiu, D. Su-Yin Tan, C.-Y. Lin, E.-Y. Lai, S. Goto, R.P. Giugliano,
C.-E. Chiang, Once- or twice-daily non-vitamin K antagonist oral anticoagulants
in Asian patients with atrial fibrillation: A meta-analysis of randomized controlled
trials, J. Formos. Med. Assoc. 116 (2017) 591-598.
https://doi.org/10.1016/j.jfma.2017.05.015.

[43] J. Niu, Y. Song, C. Li, H. Ren, W. Zhang, Once-daily vs. twice-daily dosing of
enoxaparin for the management of venous thromboembolism: A systematic
review and meta-analysis, Exp. Ther. Med. 20 (2020) 3084-3095.
https://doi.org/10.3892/etm.2020.9036.

[44] S. Bhutia, P.F. Wong, Once versus twice daily low molecular weight heparin for
the initial treatment of venous thromboembolism, Cochrane Database Syst. Rev.
(2013). https://doi.org/10.1002/14651858.CD003074.pub3.

[45] C.B. Granger, J.H. Alexander, J.J.V. McMurray, R.D. Lopes, E.M. Hylek, M. Hanna,
H.R. Al-Khalidi, J. Ansell, D. Atar, A. Avezum, M.C. Bahit, R. Diaz, J.D. Easton, J.A.
Ezekowitz, G. Flaker, D. Garcia, M. Geraldes, B.J. Gersh, S. Golitsyn, S. Goto, A.G.
Hermosillo, S.H. Hohnloser, J. Horowitz, P. Mohan, P. Jansky, B.S. Lewis, J.L.
Lopez-Sendon, P. Pais, A. Parkhomenko, F.W.A. Verheugt, J. Zhu, L. Wallentin,
Apixaban versus Warfarin in Patients with Atrial Fibrillation, N. Engl. J. Med. 365
(2011) 981-992. https://doi.org/10.1056/NEJMoa1107039.

[46] M.R. Patel, KW. Mahaffey, J. Garg, G. Pan, D.E. Singer, W. Hacke, G. Breithardt, J.L.
Halperin, G.J. Hankey, J.P. Piccini, R.C. Becker, C.C. Nessel, J.F. Paolini, S.D.
Berkowitz, K.A.A. Fox, R.M. Califf, the ROCKET AF Steering Committee,
Rivaroxaban versus Warfarin in Nonvalvular Atrial Fibrillation, N. Engl. J. Med.
365 (2011) 883-891. https://doi.org/10.1056/NEJMoa1009638.

17



TABLES

Table 1 - Characteristics of included studies

Table 2 - Pharmacokinetic properties of direct oral anticoagulants analyzed in the present
meta-analysis

Table 3 - Assessment of risk of bias according to the Revised Cochrane risk-of-bias tool for

randomized trials (RoB2)

FIGURES

Figure 1 - PRISMA flow diagram showing the selection process of trials for meta-analysis
Figure 2 - Forest plot of major thrombotic events (A) and major bleeding events (B). A
relative risk (RR) > 1 mean that direct oral anticoagulants (DOAC) twice daily (BID) was
associated with more thrombotic event (A) or more bleeding (B) that DOAC once daily (QD).
Studies are classified according to the half-life of DOAC (from shortest to longest)

Figure 3 - Funnel plot of thrombotic events (A) and major bleeding (B)

18



Table 1 - Characteristics of included studies

Patients characteristics

s Mean
Study, year Indication Intervention drug Comparator drug M Stamt'fal follow-up Randomization method
ean age Men (%) analysis
(years) o (months)
APROPOS, Apixaban Enoxaparin 30 mg BID (n=152) Efficacy:
2007 Maior orthopedic surge 2.5mg BID (n=153) /5 mg QD (n=157) and 66.7 36.7 T 1 Computer-generated
5] ! P gery 5 mg BID (n=157) / 10 mg QD (n=156) warfarin, INR 1.8-3 ‘ : Safety: PP allocation
10 mg BID (n=154) / 20 mg QD (n=156) (n=153) y
Botticelli . Efficacy:
Venous thrombo- Apixaban
DVT, 2008 ) _ _ LMWH/VKA, INR 2-3 (n=128) 59 62 mITT 2.8 IVRS
[21] embolism 10 mg BID (n=134) / 20 mg QD (n=128) Safety: PP
APPRAISE, . Efficacy:
Acute coronary Apixaban
2009 _ _ Placebo (n=611) 60.5 75.9 ITT 6 IVRS
23] syndrome 10 mg BID (n=248) / 20 mg QD (n=221) Safety: PP
Darexaban
RUBY-1, Acute coronary 5 mg BID (n=160) / 10 mg QD (n=163) _
2011[26] syndrome 15 mg BID (n=161) / 30 mg QD (n=158) Placebo (n=324) 269 796 miTT 6 IVRS
30 mg BID (n=158) / 60 mg QD (n=155)
ONYX-3, Darexaban Efficacy: Computer-generated
2014 Major orthopedic surgery 15 mg BID (n=374) / 30 mg QD (n=383) Enoxaparin 40 mg QD (n=393) 60 484 mITT 1 randomisation schedule
[17] 30 mg BID (n=387) / 60 mg QD (n=385) Safety: PP prepared by the study sponsor
OPAL-2 Darexaban
2014 ' Non-valvular atrial 15 mg BID (n=162) / 30 mg QD (n=161) Warfarin, INR 2-3 65.2 68.7 pp NR Computer-generated
[19] fibrillation 30 mg BID (n=162) / 60 mg QD (n=163) (n=324) ' ’ randomisation schedule

60 mg BID (n=162) / 120 mg OD (n=163)
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Patients characteristics

A Mean
Study, year Indication Intervention drug Comparator drug Mean age ) S;?‘:Is;::l follow-up Randomization method
years) Men (%) (months)

Wezlt()z1J()TH, Non-valvular atrial Edoxaban Warfarin, INR 2-3 65 62.1 PP NR Central, interactive, automated

[20] fibrillation 30 mg BID (n=245) / 60 mg QD (n=235) (n=251) ’ telephone system

Weitz, Letaxaban

2010 Major orthopedic surgery 20 mg BID (n=129) / 40 mg QD (n=163) Enoxaparin 30 mg BID (n=163) 64.8 371 PP 1 IVRS

[18] 40 mg BID (n=163) / 80 mg QD (n=163)

Letaxaban

Goldstein, _ _ Efficacy:

2014 Acute coronary 20 mg BID (n=250) / 40 mg QD (n=250) Placebo (n=745) 57 75 T 6 IVRS

[25] syndrome 40 mg BID (n=253) / 80 mg QD (n=252) Safety: PP

80 mg BID (n=253) / 160 mg QD (n=251) y:
ODIXa-

DVT, 2007 Venous thrombo- Rivaroxaban LMWH/VKA, INR 2-3

(22] embolism 20 mg BID (n=117) / 40 mg QD (n=121) (n=126) 291 608 PP ! By central computer
AIC.\;-LQ:/II Rivaroxaban Efficacy:

46, Acute coronary 2.5 mg BID (n=153) / 5 mg QD (n=155) Placebo (n=1160) 57.4 77.2 T 6 NR

2009 syndrome 5mg BID (n=527) / 10 mg QD (n=529) Safety: PP

[24] 10 mg BID (n=307) / 20 mg QD (n=304) y
BISTRO II, Dabigatran Efficacy:

2[(1)215 Major orthopedic surgery 150 mg BID (n=390) / 300 mg QD (n=385) Enoxaparin 40 mg QD (n=392) 66 39 Safle'[}'l; o 1 Computer-generated scheme

BID: twice daily; ITT: intention-to-treat analysis; IVRS: interactive voice-response system; mITT: modified intention-to-treat analysis; PP: Per Protocol analysis; QD: once daily.
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Table 2 - Pharmacokinetic properties of direct oral anticoagulants analyzed in the present meta-analysis

Apixaban

Dabigatran

Darexaban

Edoxaban

Letaxaban Rivaroxaban

Mechanism of action

Direct Factor Xa inhibitor

Direct thrombin inhibitor

Direct Factor Xa inhibitor

Direct Factor Xa inhibitor

Direct Factor Xa Direct Factor Xa inhibitor

inhibitor
Prodrug No Yes Yes No No No
Oral bioavailability ~66 6.5 ~50 50 80-100
(%)
Fraction unbound in
13 ~65-70 ~41-60 ~5-10
plasma (%)
tmax (h) 1.0-3.0 1.25-3.0 1-1.5 1.0-2.0 1-2 2.0-4.0
tz (h) 8-15 12-14 14-18 6-11 9-13 5-13
. 36% unchanged via active renal secretion;
~25% renal; 80% renal; Equally via fecal and renal ~35-39% renal;
Elimination 30% renal 30% renal excretion of inactive metaboli
~75% hepatobiliary 20% hepatobiliary routes ~61-65% hepatobiliary o renal exaetion or in ites;
34% hepatobiliary (7% unchanged)
Minimal food interactions CYP3A4, CYP2J2 and CYP-
CYP3A4; CYP3A4;
Metabolism P-gp substrate and no reported drug-drug NR independent mechanisms;

P-gp substrate

P-gp substrate

interaction P-gp substrate
Dose in

- VTE prevention 5 mg BID 220 OD or 150 mg QD Not approved Not approved 10 mg QD

- VTE treatment 5 mg BID 150 mg BID 60 mg QD 15mgBID 21d, then 20mg QD

- NVAF 5 mg BID . . 20 mg QD

g or2.5mgBID 60 mg QD (30 mg for risk categories) or
110 mg BID or 150 mg BID .
for risk categories 30mg OD (15 mg for risk categories) (15 mg QD if CrCI30-49)
- ACS 2.5mgBID

ACS: acute coronary syndrome; BID: twice a day; CrCl: creatinine clearance, CYP: cytochrome P450; NVAF: non valvular atrial fibrillation; P-gp: P-glycoprotein; tv.: half-life; QD:
once a day; tmax: time to maximum concentration; VTE: venous thrombo-embolism
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Table 3 - Assessment of risk of bias according to the Revised Cochrane risk-of-bias tool for
randomized trials (RoB2)

§
5 e 3
T § o:
S
8 w 3 £ o
E 8§ = & § _
Study ID Experimental Comparator & a 2 2 a 3
APPRAISE (2009) Apixaban Placebo . ‘ . . ‘ . ‘ Low risk
APROPOS (2007) poixaban vk @ @ 2 @ @ @ 7 someconcems
Botticelli DVT (2008) poixaban vkaivwH @ 2 2 @ @ @ @ vionri
BISTRO Il (2010) pwigaran Wi @ @ * © © @
ONYX-3 (2014) parexaban M @O @ @® © @ @
OPAL-2 (2015) Darexaban w 0 000 60 @
RUBY-1 (2011) Darexaban Placebo . . . . ‘ .
Weitz JTH (2010) Edoxaban w @ * 2 @ @® (@
Goldstein (2014) Letaxaban Placebo ‘ ? ’ ‘ ‘ @
Weitz (2010) letaxaban v @ @ 2 @ © @
ATLAS ACS-TIMI 46 2009)  Rivaroxaban  Placcbo 2 @ @ @ @ @
ODIXa-DVT (2007) Rvaroxaban vkaimwH @ 2 2 @ @ (@



FIGURES

Figure 1 - PRISMA flow diagram showing the selection process of trials for meta-analysis
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Figure 2 - Forest plot of major thrombotic events (A) and major bleeding events (B). A

relative risk (RR) > 1 mean that direct oral anticoagulants (DOAC) twice daily (BID) was

associated with more thrombotic event (A) or more bleeding (B) that DOAC once daily (QD).

Studies are classified according to the half-life of DOAC (from shortest to longest)
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Figure 3 - Funnel plot of thrombotic events (A) and major bleeding (B)
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