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Learning objectives
You will learn:

• To consider the differences between trial-related factors and drug-related factors in the major 
direct oral anticoagulant (DOAC) trials and the value of meta-analyses

• That real-world data are useful for descriptive analyses and event rates, although caution is 
required for non-randomised comparisons of drug effects

• That all DOACs are of similar efficacy and their use is generally supported by guidelines for 
stroke prevention in the patient with atrial fibrillation (AF).

Introduction

The care of the patient with AF can be complicated, with a myriad of considerations 
around their lifestyle interactions and the need to address any drivers of AF such as 
alcohol use, sleep apnoea and obesity, as well as the treatment of risk factors for 
cardiovascular disease including lipid abnormalities, blood pressure and diabetes. 
Considerations specific to AF are rate versus rhythm control and medication versus 
ablation. One of the most feared complications of AF is embolic stroke. 

It has been three decades since the practice of thromboprophylaxis in AF patients 
was shown to be effective for prevention of stroke, with data from four different 
trials indicating unequivocal benefit of a vitamin K antagonist (VKA), warfarin, versus 
placebo.1 Professor Marc Bonaca shares current opinion on thromboprophylaxis in 
the patient with AF, using clinical trial and real-world data to debunk some of the 
common misconceptions regarding anticoagulation and the use of DOACs.
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Underdosing 
for lower 
intensities of 
anticoagulation 
is not effective 
at preventing 
thrombo-
embolism

Approach to anticoagulation 
Although it has been well established that 
anticoagulation works for stroke preven-
tion in the patient with AF there is a narrow 
therapeutic window through which antico-
agulants, particularly the VKAs, operate effi-
caciously and safely. Underdosing for lower 
intensities of anticoagulation is not effective 
at preventing thromboembolism, and studies 
show worse outcomes in terms of intracranial 
haemorrhage, disabling ischaemic stroke or 
non-disabling ischaemic stroke associated 
with low fixed doses of warfarin compared to 
doses adjusted to reach a targeted INR; this 

underscores the importance of ensuring the 
correct intensity of anticoagulation for each 
patient.2,3

Anticoagulants are safe for use in patients 
with a CHA2DS2-VASc risk stratification 
score ≥1 and are recommended for use in 
those with a CHA2DS2-VASc ≥2. A DOAC, 
either a direct thrombin inhibitor or a Factor 
Xa inhibitor, is usually favoured depending 
on whether the patient has had a stroke and 
whether they have had warfarin, although a 
VKA is favoured in certain situations.

Comparative pharmacological parameters of DOACs
Comparative aspects of the different DOACs 
are described in Table 1. The agents are gener-
ally quite similar to each other, although there 

is much greater renal clearance of the direct 
thrombin inhibitor, dabigatran (80%), com-
pared to the Factor Xa inhibitors (<50%).

Table 1. Comparative pharmacodynamics and pharmacokinetics of DOACs

Dabigatran Rivaroxaban Apixaban Edoxaban 

Target IIa (thrombin) Xa Xa Xa

Hours to Cmax 1-3 2-4 3-4 1-2

Half-life (hours) 12-17 5-13 12 10-14

Renal clearance (%) 80 33* 27 50

Transporters P-glycoprotein P-glycoprotein P-glycoprotein P-glycoprotein

CYP metabolism (%) None 32 <32 <4

*33% renally cleared, 33% excreted unchanged in urine

Although there are drug-specific differences 
between the DOACs, cross-trial comparisons 
are not always appropriate for determining 
superiority, as the major DOAC trials differed 
in terms of size (14 000-21 000 patients) and 
complexity (Table 2). Populations differed 

in terms of aspirin use and, for example, the 
patient population of ROCKET-AF was con-
siderably more ill (CHA2DS2-VASc 3-6) than the 
cohorts of the other trials; these factors influ-
ence event rates and may influence the findings 
of any particular trial more than the drug itself.4

Table 2. Baseline characteristics of different DOAC trial cohorts4

RE-LY 
(Dabigatran)

ROCKET-AF 
(Rivaroxaban)

ARISTOTLE 
(Apixaban)

ENGAGE AF 
(Edoxaban)

# Randomised 18 113 14 264 18 201 21 105

Age, years 72±9 73 (65–78) 70 (63–76) 72 (64–78)

Female, % 37 40 35 38

Paroxysmal AF 32 18 15 25

VKA naive 50 38 43 41

Aspirin use 40 36 31 29

0–1

2

3–6

CHADS2

3233

35

13

87

3430

36
4753
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In comparing 
bleeding rates 
from ROCKET-AF 
to the real-
world XANTUS 
pooled dataset, 
annualised 
event rates for 
major bleeding, 
intracranial 
haemorrhage 
and 
gastrointestinal 
bleeding are 
much lower for 
rivaroxaban in 
the real-world 
population

Meta-analysis of the four major DOAC trials 
show that all four drugs are better than war-
farin for stroke and systemic embolic events 
(SEEs) and the p-value >0.05 indicates that 
the effects are essentially consistent between 
the DOACs for preventing stroke or an SEE 
(Figure 1). In those cases where the line of 
unity is crossed, this is largely accounted for 
by the way in which the trials were powered 
as seen with ROCKET-AF, the smallest but 
highest-risk trial. The dominant advantage 
of DOACs over VKAs is a reduction in 
haemorrhagic stroke of ~51% and reduced 

intracranial bleeding with no heterogene-
ity between the DOACs, although there 
was a trend to more gastrointestinal bleed-
ing than with VKAs. Patients in ROCKET 
AF and ENGAGE AF had a much higher 
bleeding risk than those in the RE-LY and 
ARISTOTLE cohorts (Figure 2).4-8 In com-
paring bleeding rates from ROCKET-AF 
to the real-world XANTUS pooled dataset, 
annualised event rates for major bleeding, 
intracranial haemorrhage and gastrointestinal 
bleeding are much lower for rivaroxaban in 
the real-world population (Figure 3).9

Figure 1. DOACs vs warfarin – stroke and SEEs4

Figure 2. DOAC trial cohort HAS-BLED score patient distribution5-8

Figure 3. Main safety outcomes of rivaroxaban (on-treatment analysis) – ROCKET AF and XANTUS pooled9
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Real-world 
data show a 
significantly 
increased hazard 
ratio for stroke 
if using a low-
dose DOAC

Myth 2: There is less bleeding with a lower dose 
twice daily than with higher dose once daily
The misconception that a lower-dose DOAC 
twice daily is safer for bleeding is often under-
pinned by the notion that it is the peak of the 
concentration of DOAC exposure that drives 
the bleeding risk; it is actually the trough 
exposure that determines bleeding risk and so 

a once-daily dose can be safer than a twice-
daily dose. In the case of edoxaban, risk of 
bleeding with 30mg twice daily is significantly 
higher than with 60mg once daily (Figure 
5).11,12 

When should a VKA be considered? 

Situations in which warfarin should be con-
sidered include:
• Patients who are already using warfarin 

and have their time in therapeutic range 
>65% without any bleeding - Professor 
Bonaca always offers a switch to a DOAC 
to these patients, but notes that ‘they are 
likely to do okay continuing on warfarin’ 

• Mechanical heart valves, moderate or 
severe mitral stenosis – using a DOAC is 
contraindicated

• Where DOACs are cost prohibitive 
• Drug-drug interactions in patients being 

treated for other comorbidities such as 
HIV and those with severe chronic kidney 
disease (CKD).

Myth 1: A lower dose of a DOAC provides 
sufficient protection but less bleeding 
It is known that underdosing of DOACs is a 
problem; many clinicians have the misconcep-
tion that lower doses provide protection with-
out the associated bleeding risk. Real-world 

data show a significantly increased hazard 
ratio for stroke if  using a low-dose DOAC 
(Figure 4).10 

Figure 4. Underdosing of DOACs is associated with significantly higher stroke risk and no bleeding advantage10
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Myth 3: Apixaban does not increase bleeding
As seen in Figure 1, there is no heterogeneity 
between DOACs in terms of severe bleeding 
events such as intracranial haemorrhage. The 
AVERROES trial, a head-to-head compari-
son between apixaban and aspirin in patients 
with AF and one additional risk factor for 
stroke, showed that there was no significant 
difference in bleeding. In patients with AF 
and acute coronary syndrome (ACS) how-
ever, there was a 2.6-fold increase in major 

bleeding (including a risk of intracranial 
haemorrhage) using the same dose of apixa-
ban. The same drug at the same dose will 
have different outcomes depending on the 
population and the background therapy.13,14 
Professor Bonaca’s view is: “All the DOACs 
will cause bleeding in vulnerable patients; 
bleeding risk is less about the drug and more 
about the patient.”

Myth 4: Dosing frequency does not impact 
adherence
While it has already been established that 
lower doses twice daily are not safer than 
once-daily dosing and do not provide 
adequate protection, does the frequency of 
dosing affect adherence? A patient preference 
study found that frequency of dosing was the 
greatest contributor of relative importance to 
taking their prescribed regimen (Figure 6).15-17

Figure 5. Correlation between bleeding events and trough levels of edoxaban in patients with AF11

Figure 6. Patient preference study – reasons for non-
adherence15-17

*Discrete-choice-experiment in 758 patients.
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AF, venous 
thrombosis 
and arterial 
disease are very 
different

Myth 5: Once-daily dosing does not provide 
sufficient exposure to prevent stroke
Single-dose studies of exposure time over 24 
hours and the half-life of rivaroxaban 10mg 
and 20mg in healthy individuals show that a 
therapeutic level is achieved with continuous 
exposure and Factor Xa inhibition over 24 

hours.18-20 Meta-analyses of the major out-
comes trials show no heterogeneity in terms 
of efficacy, indicating that once-daily options 
are sufficient for stroke protection.4

Myth 6: Rivaroxaban should be dosed twice daily
Rivaroxaban is an extensively studied car-
diovascular drug (including trials such as 
COMPASS and VOYAGER-PAD that 
looked at very low doses), 2.5mg twice daily 
or 25% of the total dose (twice daily) used 
in AF, for arterial indications. AF, venous 
thrombosis and arterial disease are very 
different (Table 3). In the case of arterial 
thrombosis where patients develop a platelet-
rich clot, usually as a response to plaque 
rupture, a combination of a very low-dose 
anticoagulant and antiplatelet therapy is used 
for thromboprophylaxis. In venous disease, 

all of which includes AF, the clot is fibrin-
rich and so the treatment strategy involves 
anticoagulation without antiplatelet therapy 
for the prevention of embolic stroke and pul-
monary embolism (PE). Rivaroxaban once-
daily dosing has been studied in a number of 
trials, including the four RECORD trials, the 
EINSTEIN DVT, PE and Extension studies, 
and ROCKET AF; in each of these studies, 
rivaroxaban met its efficacy objective, sup-
porting the use of once-daily dosing for AF 
and venous disease.18-20 

Table 3. Rivaroxaban dosing strategy depends on the indication

Venous clots  
(DVT, PE)

AF clots Arterial clots  
(ACS)

Clot type Venous Venous-like Arterial 

Composition Fibrin-rich Fibrin-rich Platelet-rich

Size Large Large Small 

Growth Slow Slow Rapid* 

Location Large venous vessels Atria (usually left 
appendage)

Small arterial vessels 
(coronary artery)

Potential outcome PE Ischaemic stroke MI

Antiplatelet 
therapy required

No Not recommended Yes, evidence-based 
drug therapy

*Usually rapid response to plaque rupture
Note: TWICE DAILY dosing of rivaroxaban in ACS is because of pathology and because the maximal once-daily dose in the presence of other 
antithrombotics would be too low to maintain a therapeutic plasma concentration over 24 hours.

Myth 7: Dose of DOACs is only important in the 
patient with impaired kidney function

Meta-analysis of the four major DOAC tri-
als shows that the efficacy of these agents is 
preserved in patients with low or impaired 
renal function and the advantage for bleed-
ing is largely consistent between the drugs, 
although the bleeding advantage may be 
attenuated in patients with creatinine clear-
ance (CrCl) >80ml/min (Figure 7).4 Inverse 

probability treatment weighting analysis of 
rivaroxaban and warfarin patients with stage 
4/5 CKD or dialysis in US MarketScan 1:3 
matched analysis of apixaban and warfarin 
patients in US Renal Data System undergo-
ing dialysis indicate that DOACs may reduce 
major bleeding in AF patients with severe 
CKD (Figure 8).21,22
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In terms of 
renal function 
and dosing, 
Professor 
Bonaca advises 
to always 
dose adjust as 
indicated, to 
read the labels 
carefully and to 
entertain shared 
decision-making 
with the patient

In patients with high renal function, the effi-
cacy of dabigatran and rivaroxaban is largely 
preserved but there may be a higher risk of 
stroke for apixaban (HR 1.35) and edoxaban 
(HR 1.58) versus warfarin. The edoxaban 
label has noted that the drug should not be 
used by those who have a CrCl >95ml/min 

because there is an increased risk of ischae-
mic stroke compared to warfarin. In terms of 
renal function and dosing, Professor Bonaca 
advises to always dose adjust as indicated, 
to read the labels carefully and to entertain 
shared decision-making with the patient. 

Key learnings

• DOACs are now considered to be safe for use in AF patients with a CHA2DS2-VASc of ≥1

• The correct dosage and exposure are critical for DOAC safety and efficacy: underdosing is harmful for 
both ischaemic risk and for bleeding and lower doses twice daily are not safer than higher doses once 
daily

• DOACs show consistent efficacy and superior safety relative to VKAs; DOACs are favoured for use in most 
AF patients

• There are few data showing superiority of one DOAC over another, although dabigatran should be 
avoided in those with a low eGFR and edoxaban should be avoided in those with a very high eGFR.

Figure 7. Meta-analysis of DOACs vs warfarin – subgroups by renal function4

Figure 8. DOACs may reduce major bleeding in AF patients with severe CKD21,22
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