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Objectives

1) Review clinical trial data on the efficacy and safety of non-

vitamin K oral anticoagulants (NOAC) vs. warfarin for stroke 

prevention in atrial fibrillation. 

2) Discuss the use of NOAC agents for AF-related stroke 

prevention in high-risk patient subsets.

3) Propose a framework for individualization when we prescribe 

NOAC agents to patients for AF-related stroke prevention. 



Terminology: NOAC or DOAC?

NOAC
“Novel / New oral anticoagulant”

or

“Non-vitamin K oral anticoagulant”

DOAC “Direct oral anticoagulant”

Both terms are commonly and interchangeably used in clinical practice and 

research publications. 



Use of oral anticoagulation for stroke 

prevention for AF patients: 

Data from randomized controlled trials



Efficacy of oral anticoagulant in stroke prevention for 

patients with clinical AF: Randomized data

Adjusted-dose warfarin resulted in a 64% relative risk reduction (95% CI: 49% to 

74%) for ischemic and hemorrhagic stroke when compared to placebo/no treatment.

Hart RG et al. Ann Intern Med. 2007 Jun 19;146(12):857-67



The relationship between INR levels and 

stroke / bleeding risk

From: ACC/AHA/ESC 2006 AF guidelines.

The more time spent in 

therapeutic range (TTR), 

the better



Mechanism of action of clinically 

approved NOAC agents

Eriksson BI, et al. Annu Rev Med 2011;62:41–57;  Hankey GJ, Eikelboom JW. Circulation 2011;123:1436-1450.
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Pivotal randomized controlled trials 

comparing NOAC agents to warfarin

Dabigatran (Pradaxa®) (RE-LY)

Rivaroxaban (Xarelto®) (ROCKET-AF)

Apixaban (Eliquis®) (ARISTOTLE)

Edoxaban (Lixiana®) (ENGAGE-AF)

Connolly SJ et al. NEJM 2009;361:1139-1151;   Patel M et al. NEJM 2011;365:883-891;   

Granger CB et al NEJM 2011;365:981-992; Giugliano RP et al. NEJM 2013;369(22):2093-2104.

RCT name



Key Phase III NOAC Trials: 

Efficacy and Safety vs. Warfarin

Ruff CT et al. Lancet 2014;383:955-962.



Time in therapeutic range (TTR) in warfarin-treated 

patients in NOAC vs. Warfarin RCTs 

Connolly SJ, et al. N Engl J Med 2009; 361:1139–51; Patel MR, et al. N Engl J Med 2011;365:883–91; 

Granger CB et al. N Engl J Med 2011;365:981–92. Giugliano RP, et al. N Engl J Med 2013;369:2093-104. 



All NOACs: Efficacy and Safety 

Benefits vs. Warfarin



Oral anticoagulation for AF-related stroke 

prevention: Relative and absolute risk reduction 



What are the benefits / risks of NOAC vs. warfarin for 

stroke prevention among AF patients?

Baker W and Phung O. Circulation: CV Quality & Outcomes 2012;5:711-719.

If you treat 1000 AF patients with NOAC 

agents instead of warfarin, you will 

prevent, on average, 7 strokes or 

systemic embolic events. 

If you treat 1000 AF patients with 

NOAC agents instead of warfarin, 

you will prevent, on average, 4 

intracranial bleeds.

Pooled analysis from 3 RCTs: ARISTOTLE, 

ROCKET-AF, RE-LY



When might NOACs be favoured over 

warfarin in AF-related stroke prevention?

1. INR not well-controlled (TTR <65%)

2. Event on warfarin (stroke or major bleed)

3. Patient preference (e.g. monitoring, frequent dose 

adjustment, diet adherence)

4. Drug interaction with warfarin (on/off)

5. Moderate-high risk of bleeding 

6. Elderly (e.g. >75 years)

7. Mild-moderate renal dysfunction (CKD stages 2-3)



Ruff et al. Lancet 2014;383:955–962.

Meta-analysis of NOACs vs Warfarin: 

Subgroups by Renal Function



Oral anticoagulation for stroke prevention 

in atrial fibrillation: CCS AF guidelines

Verma A  et al. Can J Cardiol. 2014;30:1114-1130.



From key phase III RCTs, can we 

make any inferences on whether 

one NOAC agent is “better” than 

the other?



Baseline characteristics in key phase III NOAC trials 

1 Prior stroke or TIA or systemic embolism; 2 Dose reduced as per pre-specified guidelines

Increasing co-morbidity profile



Comparing the annual absolute event rates 

between NOAC and warfarin: RCTs

Two points of note:

#1: The absolute event rates vary among trials. 

#2: The absolute differences in stroke or systemic embolism rates (∆ %) within each trial 

are not very large. 



From the key phase III RCTs, can 

we make any inferences on whether 

one NOAC agent is “better” than the 

other?

The best way to compare whether one NOAC is more 

effective and/or safer than another NOAC is to conduct a 

head-to-head RCT (“gold standard”). It will probably require a 

very large trial to demonstrate a difference (if any) among the 

various NOAC agents in terms of stroke/bleeding outcomes.



Objectives
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vitamin K oral anticoagulants (NOAC) vs. warfarin for stroke 
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prevention in high-risk patient subsets.
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Concomitant antiplatelet therapy for AF 

patients who are treated with oral 

anticoagulation



AF patients who require antiplatelet therapy 

due to coronary artery disease
 Approximately 20% of patients with AF will require 

percutaneous coronary intervention (PCI) at some time.

 Up to 21% of patients with acute coronary syndrome (ACS) 

will have new or established AF.

 Among AF patients who are anticoagulated with a NOAC 

agent or warfarin, concomitant treatment with an antiplatelet 

agent is associated with a ≈50% increased risk of major 

bleeding. 

 Decisions on the antithrombotic regimen for these patients 

must account for the following risks: (i) ischemic stroke; (ii) 

future coronary ischemic events; (iii) clinically significant 

bleeding.
Metha SR et al. Canadian Journal of Cardiology 2018;34(3):214-233.



Metha SR et al. Canadian Journal of Cardiology 2018;34(3):214-233.

2018 CCS antiplatelet therapy guidelines:

High-risk clinical and angiographic features for 

thrombotic events



Need for OAC in addition to DAPT

Age ≥75 years

Frailty

Anemia (hemoglobin <110 g/dL)

Chronic renal failure (CrCl <40 mL/min)

Low body weight (<60 kg)

Hospitalization for bleeding within last year

Prior stroke or intracranial bleed

Regular need for NSAIDs or prednisone

2018 CCS antiplatelet therapy guidelines:

Factors associated with increased bleeding risk

CrCL = creatinine clearance; DAPT = dual antiplatelet therapy; NSAID 

= non-steroidal anti-inflammatory drug; OAC = oral anticoagulation.

Metha SR et al. Canadian Journal of Cardiology 2018;34(3):214-233.



2018 CCS antiplatelet therapy guidelines: 
AF patients undergoing PCI for ACS or elective PCI with high-risk features

Metha SR et al. Canadian 

Journal of Cardiology 

2018;34(3):214-233.



AF-related thromboembolic 

consequences and impact of oral 

anticoagulation therapy: Focus on 

Asian patients  



The risk of stroke and intracranial bleeding are 

higher among Asian AF patients: Data from RCTs

Lip GYH et al. International Journal of Cardiology 2015;180:246-254.



Reduction of stroke or systemic embolism risk with NOAC agents 

vs. warfarin among Asians with AF: Data from RCTs

Wang K-L et al. Stroke 

2015;46:2555-2561.



Reduction of major bleeding risk with NOAC agents vs. warfarin  

among Asians with AF: Data from RCTs

Wang K-L et al. Stroke 

2015;46:2555-2561.



Reduction of intracranial bleeding risk with NOAC 

agents vs. warfarin among Asians with AF: 

Data from RCTs

Wang K-L et al. Stroke 2015;46:2555-2561.



Individualization of NOAC 

therapy for AF-related stroke 

prevention: Is there a role?  



What are some potential factors which may 

influence the selection of 1 NOAC agent over 

another?

1. Patient preference (e.g. daily vs. twice daily 

dosing).

2. Renal function.

3. Drug interaction (CYP 3A4).

4. Subgroup insights from pivotal RCT data.



PK/PD of 4 NOACs in AF

Dabigatran Rivaroxaban Apixaban Edoxaban

Target IIa (thrombin) Xa Xa Xa

Dosing BID QD BID QD

Bioavailability 7% 80%* 66% 62%

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

Transporters P-gp P-gp P-gp P-gp

Half-life 12-14h 9-13h 8-15h 10-14h

Renal elimination 80% 33%† 27% 50%

CYP metabolism None 18-32% 15-25% <4%

Protein binding 35% >90% 87% 55%

Gonzalez-Quesada CJ.  Am J Cardiovasc Drugs. 2014;14:111-27; Grip LT. Hot Topics. 2013:31:7-18;

Plitt A. J Cardiovasc Pharmacol Ther. 2014;19(5):409-16; Ericksson BI. Clin Pharmacokinet. 2009; 48:1-22.

* Nearly 100% if taken with food

† Another 33% is excreted unchanged in the urine

CYP = cytochrome P450; NR = not reported; P-gp = P-glycoprotein



Adapted from Steffel JA et al.  EHJ 2018;39:1330–1393.

Dosing of NOAC in the presence of renal 

impairment: AF indications
Approved Canadian dosing recommendations

Dabigatran: Dosing at 110 mg bid is recommended if there is a renal impairment (CrCl <50ml/min), age ≥80, or age ≥75 with ≥1 risk 

factor(s) for bleeding.

Apixaban: Dosing at 2.5 mg bid is recommended if the patient has 2 of the following: creatinine ≥133 umoL;  age ≥80; weight ≤60kg.

Edoxaban: Dosing at 30 mg daily is recommended if 1 of the following is present: CrCl 30-50 ml/min; weight ≤60 kg; use of a strong 

P-glycoprotein inhibitor such as verapamil or quinidine.

• Note: Renal function for NOAC dosing is estimated from the creatinine clearance (CrCL) derived from the Cockcroft-Gault 

formula.



Which NOAC agent should I select for 

my patient? A personal view

Some factors to consider:

 Once daily {edoxaban, rivaroxaban} versus twice daily 

{apixaban, dabigatran} dosing.

 Cost / formulary coverage. 

 High risk of bleeding {consider: edoxaban, apixaban, 

dabigatran 110 mg}.

 Fluctuating renal function (i.e. CrCL +/- 50 mL/min) {consider 

apixaban}.

 High risk of GI bleeding {consider apixaban, dabigatran 110 

mg, warfarin}.

 Patients in whom dose reduction is indicated and has high 

bleeding risk {consider edoxaban, apixaban}.

 Bioprosthetic heart valves {consider edoxaban} (off-label).

 Post PCI {consider rivaroxaban 15 mg or dabigatran}.



Conclusions

1. NOAC agents are more efficacious than warfarin in 

preventing stroke or systemic embolism among AF 

patients with risk factors for thromboembolism. 

2. The safety profile of NOAC agents is favourable when 

compared to warfarin among AF patients. In particular, 

the risk of intracranial hemorrhage was significantly 

lower among patients treated with NOAC (vs. warfarin).

3. The efficacy and safety of NOAC agents over warfarin 

appear to be more pronounced among Asians with AF.

4. An understanding of the similarities and differences 

among NOAC agents can allow us to individualize 

therapy based on the patient’s specific characteristics. 



Thank you for your attention

andrew.ha@uhn.ca


