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Abstract 

Background In non-valvular atrial fibrillation (AF), oral anticoagulation reduces the risk of 

thromboembolism such as stroke and systemic embolism (SSE), but increases the risk of 

major bleeding such as intracranial haemorrhage (ICH). The risk-benefit balance between 

SSE versus ICH can be expressed as the net clinical benefit (NCB); however, the risk of SSE 

and ICH varies according to clinical factors that can be assessed using CHADS2, CHA2DS2-

VASc (both quantifying risk of stroke) and HAS-BLED (quantifying risk of major bleeding) 

scores, respectively.  

Methods  Using established modelling based on event rates for thromboembolism and 

haemorrhage in the Danish nationwide cohort study, we tested the hypothesis that 

edoxaban has a superior NCB compared with warfarin.  

Results  In our overall model, compared to no treatment, warfarin had a NCB of 0.26 

(95% CI 0.24,0.28) events prevented per 100 patient years, edoxaban 60 mg daily a NCB of 

0.71 [0.69,0.76], and edoxaban 30 mg daily a NCB of 0.71 [0.0.68,0.73]. When compared to 

no treatment, both doses of edoxaban have superior NCB values than those of warfarin at all 

CHADS2 and CHA2DS2-VASc scores. At CHADS2 ≥2 and CHA2DS2-VASc ≥2, edoxaban 60 mg 

dose had a better NCB than the 30 mg dose or warfarin, when compared to no treatment.    

With HAS-BLED score ≥3, both doses of edoxaban had a positive NCB compared to warfarin, 

at CHADS2 or CHA2DS2-VASc ≥2. 

Conclusion   Our modelling study suggests that both 30 mg and 60 mg doses of edoxaban 

have a favourable NCB compared to warfarin, and the degree of benefit differs according to 

CHADS2, CHA2DS2-VASc and HAS-BLED scores.  At CHA2DS2-VASc score ≥2, both edoxaban 
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doses were superior to warfarin, but compared to no treatment, the 60 mg dose had a 

better NCB than the 30mg dose or warfarin.  
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Introduction 

As non-valvular atrial fibrillation (AF) confers an increased risk of stroke and systemic 

embolism, guidelines recommend oral anticoagulation (OAC) to reduce this risk1. However, 

OAC also brings an increased risk of major bleeding, such as gastrointestinal and intracranial 

haemorrhage (ICH). The concept of net clinical benefit (NCB) has been used to quantify the 

balance between a reduced risk of stroke and systemic embolism compared to an increased 

risk of ICH with OAC in the setting of stroke prevention in patients with AF. Indeed, patients 

at highest risk of stroke and systemic embolism gain the greatest benefit from OAC2.  

 

The risk of stroke and systemic embolism in AF is not homogeneous, but depends upon the 

presence of certain clinical factors, alone or in combination. Major stroke risk factors have 

been combined to give the CHADS2 (Chronic heart failure, Hypertension, Age >75 years, 

Diabetes mellitus (all 1 point), Stroke or transient ischaemic attack (2 points)) and CHA2DS2-

VASc (Chronic heart failure, Hypertension, Age >75 years (2 points), Diabetes mellitus, 

Stroke, systemic embolism or transient ischaemic attack (2 points), Vascular disease, Age 65-

74, Sex category i.e. female) scores3,4.  Both scores are used to assess the risk of stroke and 

systemic embolism in AF, and incorporated to guidelines for risk stratification1.   The use of 

OAC is also associated with bleeding (including ICH), and once more, certain risk factors 

have been used to develop the HAS-BLED (Hypertension, Abnormal liver/renal function, 

prior Stroke/thromboembolism, Bleeding tendency, Labile international normalised ratio, 

Elderly (e.g. age over 65 years), Drugs (e.g. concomitant use of aspirin or NSAIDs, or alcohol 

excess) score for bleeding risk stratification6.    
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The vitamin K antagonists (VKAs, e.g. warfarin) have traditionally been the only available 

OAC. More recently, several non-VKA oral anticoagulants (NOACs) have shown favourable 

efficacy and safety results, compared with warfarin7-10. Of these NOACs, the oral factor Xa 

inhibitor edoxaban, at low and high doses of 30 mg or 60 mg (respectively) once daily, was 

found to be non-inferior to warfarin in protecting against stroke and systemic embolism in 

AF, and was associated with significantly less ICH, major bleeding and death from 

cardiovascular causes than warfarin10.  

 

Highly structured randomised controlled trials of NOACs may fail to translate to a ‘real 

world’ population, where the value of these agents also needs to be determined and 

compared with that of a VKA. In data from the Danish National Patient Registry on patients 

with AF diagnosed between 1997 and 200811, we demonstrated that dabigatran, 

rivaroxaban and apixaban would each be likely to have a favourable NCB (i.e. fewer cases of 

stroke and systemic embolism and fewer cases of ICH) compared to warfarin12. It is unclear 

whether or not edoxaban offers the same advantages, as each of the NOACs has different 

characteristics, and so any such data would be a potentially valuable addition to our 

management of these drugs. Using the same modelling approach, we hypothesised a 

superior ‘real world’ NCB for edoxaban with respect to warfarin, and that this benefit would 

vary according to the risk of stroke or systemic embolism and ICH (as defined by CHADS2, 

CHA2DS2-VASc and HAS-BLED scores, respectively) on the basis of clinical trial outcome 

data10.   
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Methods 

Study population 

The cohort used in this model was patients with non-valvular AF from the Danish National 

Patient Registry11 who were diagnosed with AF between 1997 and 2008. AF was defined by a 

discharge diagnosis of AF or atrial flutter, absence of previous diagnosis of mitral or aortic 

valve disease, and absence of mitral or aortic valve surgery. The Danish National Patient 

Registry has registered all hospital admissions since 1978. At discharge each admission is 

coded by one primary and, if necessary one or more secondary diagnoses according to the 

International Classification of Diseases. The diagnosis of AF has been well-validated from 

Danish registries and the Patient Registry is linked to the Danish Registry of Medicinal 

Product Statistics (prescription registry), the National Causes of Death Registry, and the civil 

registration system providing a permanent and unique person registration number for all 

Danish citizens. Detailed history, including pharmacotherapy, and risk stratification scores 

for stroke and systemic embolism and major bleeding (i.e., CHADS2, CHA2DS2-VASc and HAS-

BLED) were available for all patients3,4,6. Published data of 96,308 patients (58,883 not 

treated with either an anti-platelet or with warfarin, and 37,425 patients treated with 

warfarin)  followed up for up to 12 years with a mean of 3.83 years (= 368,860 person years) 

also included outcomes, including rates of ischaemic stroke, ICH, thromboembolism, 

cardiovascular death and acute coronary syndromes11. Treatment periods were determined 

for each patient by dividing the number of tables dispensed with the estimated daily 

dosage, a method described in detail previously and which allows the patient to be 

considered as at risk only during treatment periods13-15. These data were compared with 

those from the ENGAGE AF-TIMI 48 trial of edoxaban10. 
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Model assumptions 

The event rates per 100 person-years for ischaemic stroke and systemic embolism and 

major bleeding  (ICH, gastrointestinal bleeding, bleeding from the urinary tract, etc.) were 

calculated using data from the Danish nationwide cohort study population for patients on 

no treatment with and on warfarin, stratified by stroke risk as predicted by their CHADS2 

and CHA2DS2VASc scores11. Using the modified intention to treat primary end points of 

stroke and systemic embolic event data (table 2), and the ICH data (table 3) of the ENGAGE 

AF study10, the equivalent event rates were estimated for the Danish population.  For this 

model, the ’real world’ hazard ratios of the sum of stroke and systemic embolic event with 

edoxaban compared to warfarin were taken to be 0.79 for edoxaban 60 mg od and 1.07 for 

edoxaban 30 mg od. The ’real world’ hazard ratios of ICH with edoxaban compared to 

warfarin were assumed to be 0.47 for edoxaban 60 mg od and 0.26 for edoxaban 30 mg 

od10. The relative risks of stroke, systemic embolic event and ICH were assumed to be 

constant across all categories of thrombosis risk and bleeding risk.  

 

The number of patients needed to treat (NNT) to prevent one ischaemic stroke and systemic 

embolism per year was calculated as the reciprocal of the absolute risk reduction (i.e. 

1/ARR), that is, the event rate on no treatment minus the event rate on treatment12. NNTs 

were also calculated for ICH with a negative value denoting the ‘number needed to harm’ 

(NNH)12, that is, the number of patients treated in order to cause one ICH. The NCB of each 

anticoagulant compared with no treatment was calculated using the formula: (stroke and 

systemic embolism rate on no treatment minus stroke and systemic embolism rate on 

anticoagulant) - 1.5 (ICH rate on anticoagulant minus ICH rate on no treatment)2. The 
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weighting of 1.5 reflects the relative impact, in terms of death and disability, of an ICH. NNTs 

and NNHs are adjusted for a one-year period.  

 

Results 

Table 1 shows the event rates for stroke and systemic embolism per 100 patient years, and 

classified according to risk. In order to estimate the rates of stroke and systemic embolism 

whilst taking edoxaban, we multiplied the hazard ratios from the ENGAGE trial10 with the 

rates from the Danish cohort12.  The overall rate of stroke and systemic embolism whilst on 

warfarin was 0.53 [0.51,0.56] events/100 patient years12, whilst on edoxaban 60 mg once 

daily the rate of 0.42 [0.40,0.44]) was well under half that of no treatment (1.0 [0.96,1.05]12 

events/100 patient-years). These data translate to NNT of 212 patients with AF for warfarin 

and 172 for edoxaban 60 mg. The event rate for edoxaban 30 mg daily (0.57 [0.55,0.60] 

events/100 patient-years) and NNT of 232 patients was equivalent to that of warfarin, but 

was higher than that of edoxaban 60 mg.   For both anticoagulants the event rates were 

greater with increasing CHADS2 and CHA2DS2-VASc scores. NNTs for those on edoxaban and 

warfarin were lower with increasing scores.   

 

Table 2 shows the event rates for ICH per 100 patient years, and when classified according 

to risk of thromboembolism. The overall rate of ICH whilst on warfarin (0.44 [0.42,0.45] 

events/100 patient-years) was worse than for no treatment (0.30 [0.29,0.31] events/100 

patient-years)12. These data translate to warfarin causing one ICH per 714 patients treated 

in a year (i.e. a NNH of -714).  In order to estimate the rates of ICH whilst taking edoxaban, 

we multiplied the hazard ratios for ICH from the ENGAGE trial10 with the rates of ICH from 

the Danish cohort12.  In this model, both doses of edoxaban had significantly lower adjusted 
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rates of ICH than that of warfarin and no treatment (edoxaban 30 mg 0.11 [0.11,0.12] 

events/100 patient-years, NNT 526; edoxaban 60 mg 0.21 [0.20,0.21] events/100 patient-

years, NNT 1,111) and the rate of ICH of 30 mg dose of edoxaban was superior to that of the 

60 mg dose. As with stroke and systemic embolism, for both anticoagulants, the event rates 

were greater with increasing CHADS2 and CHA2DS2-VASc scores whilst the NNTs fell with 

increasing scores, except for warfarin and CHADS2 score.  

 

NCB of warfarin and edoxaban when compared with no treatment  

Table 3 presents the NCB of warfarin and edoxaban when compared with no treatment. 

Warfarin use is associated with a reduced rate of stoke and systemic embolism (Table 1) but 

an increased rate of ICH (Table 2) compared with no treatment. For any AF patient requiring 

OAC, the NCB is 0.26 [0.24,0.28] events prevented/100 patient-years if treated with 

warfarin. Similarly, the NCB for edoxaban 30 mg is 0.71 [0.68,0.73] events prevented, and for 

edoxaban 60 mg, 0.71 [0.69,0.76] events prevented.   

In considering risk profiles with the CHADS2 and CHA2DS2-VASc scores, differences emerge. 

At all CHADS2 scores, and CHA2DS2-VASc score 2-9, warfarin has a positive NCB compared to 

no treatment, but at CHA2DS2-VASc scores 0 and 1, warfarin has no positive benefit over no 

treatment. At all CHADS2 and CHA2DS2-VASc scores, both doses of edoxaban have superior 

NCB values than no treatment. At CHADS2 scores 0 and 1, the two edoxaban doses bring 

similar NCBs compared to each other, and are superior to no treatment [Table 3], but at 

CHADS2 2-6, the 60 mg dose had a better NCB than the 30mg dose or warfarin.   At CHA2DS2-

VASc scores 0 and 1, both doses of edoxaban had marginally positive NCBs compared to no 

treatment, but the 30mg dose had superior NCBs than the 60 mg dose. At CHA2DS2-VASc 
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score 2-9, the 60 mg dose had a better NCB than the 30 mg dose or warfarin.  For both 

OACs, NCBs increased with increasing CHADS2 and CHA2DS2-VASc scores. 

 

NCB for edoxaban 30 mg and 60 mg compared with warfarin  

Table 4 shows the NCB for edoxaban 30 mg and 60 mg compared with warfarin, according to 

CHADS2, CHA2DS2-VASc and HAS-BLED scores. At low bleeding risk (HAS-BLED score <2), both 

edoxaban doses had superior NCB to warfarin regardless of CHADS2 or CHA2DS2-VASc score.  

At a high risk of bleeding (HAS-BLED score ≥3), and at CHADS2 0 and CHA2DS2-VASc score 1, 

neither dose of edoxaban had superior NCB to warfarin and the two edoxaban doses had 

similar NCBs. At all other CHADS2 and CHA2DS2-VASc scores, both doses of edoxaban had 

superior NCBs than warfarin, and was similar for the two edoxaban doses. These results are 

illustrated in figure 1. 

 

Sensitivity analysis 

We performed a further analysis based on the likelihood that the rate of ICH were twice that 

observed in the trial, and that the rate of stroke and systemic embolism were lowered by 

50%.  Results presented in supplementary table 1 indicate that outcome would not be the 

same, with in some cases the NCB of warfarin would become not significant, whereas all 

cases of the use of edoxaban would still be significant, except that for patients with 

CHA2DS2VASc 1, edoxaban 30mg od would provide no clear NCB advantage. This translates, 

in supplementary table 2, to no changes in the extent to which either doses of edoxaban are 

or are not preferable to warfarin.    
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Discussion 

In this modelling analysis, we have shown that the NCBs and NNTs of the 30 mg and 60 mg 

doses of edoxaban, with respect to warfarin, are favourable but differ according to CHADS2, 

CHA2DS2-VASc and HAS-BLED scores.  At high stroke risk (i.e. CHA2DS2-VASc score ≥2), both 

edoxaban doses were superior to warfarin, but compared to no treatment, the 60 mg dose 

had a better NCB than the 30mg dose or warfarin.  With high bleeding risk (HAS-BLED ≥3), 

both doses of edoxaban had a positive NCB compared to warfarin, at CHADS2 or CHA2DS2-

VASc scores ≥2. 

 

When using an OAC in AF patients, the benefit of a reduction in the risk of a thrombotic 

event such as stroke and systemic embolisation must be weighed against the risk of major 

bleeding such as ICH. However, the risk of stroke and thromboembolism in an individual 

varies markedly according to the sum of certain risk factors. As we previously reported11,12, 

the NCB is only negative with warfarin at a CHA2DS2-VASc score 0 or 1, reflecting the ‘truly 

low risk’ status of these patients. In our model for the present study, without risk factor 

stratification, both doses of edoxaban are predicted to result in lower rates of both types of 

events (thrombotic and haemorrhagic, and so equivalent NCBs) compared with warfarin.  

Our prediction that a NOAC brings a reduction of over 50% in the risk of ICH in a real world 

database is entirely in line with a recent meta-analysis16. However, these data assume each 

risk regardless of concurrent clinical and demographic features. 

 

Classifying stroke risk by the CHADS2 method, at low and moderate risk of stroke, both 

doses of edoxaban provide similar improved NCB over warfarin. At the high risk of stroke, 

high-dose (60 mg) edoxaban is superior to both low dose (30 mg) edoxaban and warfarin. 
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The CHA2DS2-VASc system recognises a limitation inherent in CHADS2, in that the latter 

places more patients at low risk of stroke than the former, potentially denying treatment to 

some4. This is borne out by data indicating that at low CHA2DS2-VASc scores of 0 and 1, 

when compared to no treatment, warfarin causes more harm than good whereas at a 

CHADS2 score of 0, the use of warfarin can be justified in some patients. At a low and 

moderate CHA2DS2-VASc risk of stroke (scores 0 and 1), edoxaban 30 mg provides more 

benefit than edoxaban 60 mg, whereas at high risk (CHA2DS2-VASc score 2-9), edoxaban 60 

mg is preferred.   

 

Practitioners and patients alike fear haemorrhage, the risk of which can be determined by 

the HAS-BLED score5. When risk of bleeding is low (HAS-BLED score <2), our modelling data 

predict that edoxaban 30 mg is the preferred dose regardless of stroke risk, except when 

defined by CHADS2 2-6, where the two doses bring equivalent benefit. Patients with a high 

HAS-BLED score (≥3), and a low risk of stroke according to CHADS2 (score 1) or a moderate 

risk of stroke according CHA2DS2-VASc (score 1) will benefit equally from any oral 

anticoagulant. Due to low numbers of patients and events, our analyses of CHA2DS2VASc 

score 0 and high bleeding risk may be unreliable. Patients at high risk of stroke according to 

CHADS2 score 2-6 or CHA2DS2VASc score 2-9 gain the same benefit from either dose of 

edoxaban. The NCB data are broadly comparable with those of other NOACs, which have 

NCBs between 0.58 and 3.76 events prevented/100 patient-years12.  

Limitations 

We note several limitations of this analysis. Our model calls for merging of data from a 

formal clinical trial10 with that from a community population11, two groups who may differ 

in clinical profiles. Indeed, we assume the relative risk observed in a RCT would be similar to 
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the one happening in the real-world population, which may be an oversimplification; 

indeed, patients in RCTs are generally not representative of the general population and 

therefore, the risks that are observed in RCTs cannot be assumed to be the same in the ‘real 

world’ population. In addition, other models have been used, so results may be different. 

Accordingly, there may be error in the estimates of the effects of edoxaban compared to 

warfarin. The mean (standard deviation) CHADS2 score in the ENGAGE AF-TIMI 48 trial was 

2.8 (1.0)10, that for the Danish cohort11 is estimated to be perhaps 1.25 (0.8), indicating that 

the latter are at considerably less risk of stroke. Furthermore, we cannot determine the 

degree of warfarin anticoagulation control in the two groups and assume they are equal: it 

is possible that INR control is less rigorous in the community and this may impact on 

outcomes 17,18. Furthermore, since warfarin doses vary frequently, we acknowledge the 

limitation that this is difficult to extrapolate daily dosage and thus drug coverage based on 

administrative data. The equation of Singer et al2 balances risk of ischaemic stroke and 

systemic emboli with those of any ICH, and did not include a sudden neurological deficit 

lasting less than 24 hours (i.e. a transient ischaemic attack (TIA). Olesen et al11 defined 

thromboembolism as peripheral artery embolism, TIA and ischaemic stroke, and bleeding as 

gastrointestinal, urinary tract and airways as well as intracranial. These differences may also 

lead to error. Statistical differences at p<0.05 are assumed if 95% confidence intervals fail to 

overlap, but these intervals are defined by power in terms of number of events and number 

of patients (in the Danish cohort11, 38,546 patients had a HAS-BLED score >3, whereas 

93,826 (2.4x more) had a HAS-BLED score <2). This may explain why, at a CHADS2 score of 0, 

a 56% better NCB for edoxaban 30 mg at HAS-BLED score >3 compared to edoxaban 60 mg 

is not significant (table 4), whereas a smaller 31% at CHADS2 score of 1 and 26% at 

CHA2DS2VASc score of 2-9 of the respective better NCB for the 30 mg dose at HAS-BLED 
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score >2 is statistically significant. Accordingly, we note the caveat that wide (and so 

overlapping) confident intervals consequent to low power may give rise to false negatives. 

Finally, we note that Danish cohort was studied between 1997 and 2008, whilst the 

ENGAGE-AF trial was conducted between 2008 and 2010. Accordingly, differences in general 

clinical practice and different drugs and other treatments over more than a decade may also 

lead to error or residual confounding.  A further limitation is that the results from the 

Engage AF-TIMI 48 trial of edoxaban10 may not reflect the real world, and that one might 

expect that the risk of ICH would be greater. In addressing this point our sensitivity analysis 

based on the likelihood that the rate of ICH were twice that observed in the trial, and that 

the rate of stroke and systemic embolism were lowered by 50% translated, to no profound 

changes in the extent to which either doses of edoxaban are or are not preferable to 

warfarin.    

 

In conclusion, based on this modelling analysis of NCB, edoxaban is preferable over warfarin 

for ‘all comers’ with AF, with the two edoxaban doses apparently bringing the same 

favourable NCB compared to warfarin. However, degree of benefit differs according to 

CHADS2, CHA2DS2-VASc and HAS-BLED scores. At CHA2DS2-VASc score ≥2, both edoxaban 

doses were superior to warfarin, but compared to no treatment, the 60 mg dose had a 

better NCB than the 30mg dose or warfarin.  Assessment of the patient’s risk profile may 

allow a more tailored and efficient approach to stroke prevention. 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

15 
 

Acknowledgements 

 

GL provided the idea for the article and contributed to drafting and subsequent revisions. 

ADB performed the analyses and contributed to manuscript revisions. AB, DAL and CTP 

contributed to analyses and revisions of the manuscript. Funding – Supported by Daiichi 

Sankyo. 

 

Competing interests 

Dr. Blann has received funding for research from Boehringer Ingelheim, and been on the 

speaker bureau for Bayer, BMS/Pfizer and Boehringer Ingelheim. Prof. Lip has served as a 

consultant for Bayer, Astellas, Merck, AstraZeneca, Sanofi, BMS/Pfizer and Boehringer 

Ingelheim and has been on the speakers bureau for Bayer, BMS/Pfizer, Boehringer 

Ingelheim, Roche and Sanofi. Dr. Banerjee and Dr Torp-Pedersen have no conflicts to 

declare. Dr. Lane has received investigator initiated educational grants from Bayer 

Healthcare and Boehringer Ingelheim and has been on the speaker bureau for Boehringer 

Ingelheim, Bayer, and BMS/ Pfizer, and is a member of the AEGEAN Steering committee.  

  



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

16 
 

References 

1. Camm AJ, Lip GYH, De Caterina R, Savelieva I, Atar D, Hohnloser SH, Hindricks G, 

Kirchhof P. 2012 focused update of the ESC Guidelines for the management of atrial 

fibrillation. An update of the 2010 ESC Guidelines for the management of atrial 

fibrillation. Developed with the special contribution of the European Heart Rhythm 

Association. Eur Heart J 2012; 33: 2719–47 

2. Singer DE, Chang Y, Fang MC, Borowsky LH, Pomernacki NK, Udaltsova N, Go AS. The 

net clinical benefit of warfarin anticoagulation in atrial fibrillation. Ann Intern Med 

2009; 151: 297–305. 

3. Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, Radford MJ. Validation 

of clinical classification schemes for predicting stroke: results from the National 

Registry of Atrial Fibrillation". J Amer Med Assoc 2001; 285:2864–70. 

4. Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining clinical risk stratification 

for predicting stroke and thromboembolism in atrial fibrillation using a novel risk 

factor-based approach: the Euro Heart Survey on atrial fibrillation. Chest. 2010; 

137:263-72. 

5. Landefeld CS, Beyth RJ. Anticoagulant-related bleeding: clinical epidemiology, 

prediction, and prevention. Am J Med. 1993;95:315-28 

6. Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJ, Lip GY. A novel user-friendly 

score (HAS-BLED) to assess 1-year risk of major bleeding in patients with atrial 

fibrillation: the Euro Heart Survey. Chest. 2010; 138: 1093-100. 

 

 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

17 
 

7. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, Pogue J, Reilly 

PA, Themeles E, Varrone J, Wang S, Alings M, Xavier D, Zhu J, Diaz R, Lewis BS, Darius 

H, Diener HC, Joyner CD, Wallentin L; RE-LY Steering Committee and Investigators. 

Dabigatran versus warfarin in patients with atrial fibrillation. New Engl J Med. 

2009;361:1139-51. 

8. Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, Breithardt G, Halperin JL, 

Hankey GJ, Piccini JP, Becker RC, Nessel CC, Paolini JF, Berkowitz SD, Fox KA, Califf 

RM; ROCKET AF Investigators. Rivaroxaban versus warfarin in nonvalvular atrial 

fibrillation. New Engl J Med. 2011;365:883-91. 

9. Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM, Hanna M, Al-Khalidi 

HR, Ansell J, Atar D, Avezum A, Bahit MC, Diaz R, Easton JD, Ezekowitz JA, Flaker G, 

Garcia D, Geraldes M, Gersh BJ, Golitsyn S, Goto S, Hermosillo AG, Hohnloser SH, 

Horowitz J, Mohan P, Jansky P, Lewis BS, Lopez-Sendon JL, Pais P, Parkhomenko A, 

Verheugt FW, Zhu J, Wallentin L; ARISTOTLE Committees and Investigators. Apixaban 

versus warfarin in patients with atrial fibrillation. New Engl J Med. 2011;365:981-92. 

10. Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD, Halperin JL, Waldo AL, 

Ezekowitz MD, Weitz JI, Špinar J, Ruzyllo W, Ruda M, Koretsune Y, Betcher J, Shi M, 

Grip LT, Patel SP, Patel I, Hanyok JJ, Mercuri M, Antman EM; ENGAGE AF-TIMI 48 

Investigators. Edoxaban versus warfarin in patients with atrial fibrillation. New Engl J 

Med. 2013;369:2093-104. 

 

 

 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

18 
 

11. Olesen JB, Lip GY, Lindhardsen J, Lane DA, Ahlehoff O, Hansen ML, Raunsø J, Tolstrup 

JS, Hansen PR, Gislason GH, Torp-Pedersen C. Risks of thromboembolism and 

bleeding with thromboprophylaxis in patients with atrial fibrillation: A net clinical 

benefit analysis using a 'real world' nationwide cohort study. Thromb Haemost 

2011;106:739-49. 

12. Banerjee A, Lane DA, Torp-Pedersen C, Lip GY. Net clinical benefit of new oral 

anticoagulants (dabigatran, rivaroxaban, apixaban) versus no treatment in a ‘real 

world’ atrial fibrillation population: a modelling analysis based on a nationwide 

cohort study. Thromb Haemost 2012;107:584-9. 

13. Olesen JB, Hansen PR, Abildstrøm SZ, Andersson C, Weeke P, Schmiegelow M, Erdal 

J, Torp-Pedersen C, Gislason GH. Valproate attenuates the risk of myocardial 

infarction in patients with epilepsy: a nationwide cohort study. Pharmacoepidemiol 

Drug Saf. 2011;20:146-53. 

14. Hansen ML, Sørensen R, Clausen MT, Fog-Petersen ML, Raunsø J, Gadsbøll N, 

Gislason GH, Folke F, Andersen SS, Schramm TK, Abildstrøm SZ, Poulsen HE, Køber L, 

Torp-Pedersen C. Risk of bleeding with single, dual, or triple therapy with warfarin, 

aspirin, and clopidogrel in patients with atrial fibrillation. Arch Intern Med. 

2010;170:1433-41. 

15. Sørensen R, Hansen ML, Abildstrom SZ, Hvelplund A, Andersson C, Jørgensen C, 

Madsen JK, Hansen PR, Køber L, Torp-Pedersen C, Gislason GH. Risk of bleeding in 

patients with acute myocardial infarction treated with different combinations of 

aspirin, clopidogrel, and vitamin K antagonists in Denmark: a retrospective analysis 

of nationwide registry data. Lancet 2009;374:1967-74. 

 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

19 
 

 

 

16. Caldeira D, Barra M, Pinto FJ, Ferreira JJ, Costa J. Intracranial haemorrhage risk with 

the new oral anticoagulants: a systematic review and meta-analysis. J Neurol. 

2015;262:516-22.  

17. Gallego P, Roldan V, Marin F, Galvez J, Valdes M, Vicente V, Lip GYH. SAMe-TT2R2 

Score, Time in Therapeutic Range, and Outcomes in Anticoagulated Patients with 

Atrial Fibrillation. Am J Med 2014; 127: 1083-1088.  

18. Gallagher AM, Setakis E, Plumb JM, Clemens A, van Staa TP. Risks of stroke and 

mortality associated with suboptimal anticoagulation in atrial fibrillation patients. 

Thromb Haemost 2011;106:968-77.  

 

 

 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

20 
 

Table 1: Event rates (95% confidence interval) modelled for stroke and systemic embolism 

per 100 patient years in a real world cohort adjusted for effect size for no treatment, 

warfarin, or 30 mg or 60 mg dose of edoxaban. 

 

 No 

Treatment 

Warfarin 

(dose 

adjusted) 

NNT Edoxaban 

(30 mg) 

 

NNT Edoxaban  

(60 mg) 

 

NNT 

All  

subjects 

1.00 

(0.96,1.05) 

0.53 

(0.51,0.56) 

212 0.57 

(0.55,0.60) 

232 0.42  

(0.40,0.44) 

172 

        

CHADS2 score        

0 0.20 

(0.18,0.22) 

0.10 

(0.09,0.11) 

1000 0.11 

(0.10,0.12) 

1111 0.08  

(0.07,0.09) 

833 

1 1.00 

(0.92,1.09) 

0.50 

(0.46,0.55) 

200 0.53 

(0.49,0.59) 

213 0.39  

(0.36,0.43) 

164 

2-6 3.01 

(2.85,3.16) 

1.65 

(1.56,1.74) 

74 1.76 

(1.67,1.86) 

80 1.30  

(1.23,1.38) 

58 

CHA2DS2-VASc 

score 

       

0 0.07 

(0.06,0.09) 

0.04 

(0.03,0.05) 

3333 0.04 

(0.03,0.05) 

3703 0.03  

(0.02,0.05) 

2500 

1 0.10 

(0.09,0.12) 

0.05 

(0.04,0.06) 

2000 0.05 

(0.04,0.06) 

2128 0.04  

(0.03,0.05) 

1667 

2-9 2.00 

(1.91,2.10) 

1.08 

(1.02,1.12) 

109 1.16  

(1.09,1.22) 

119 0.85  

(0.81,0.88) 

87 

 

 

NNT (number needed to treat): number of patients needed to treat to prevent one ischaemic 

stroke or systemic embolism per year. NNT is calculated as 1/ARR, where ARR is the absolute risk 

reduction, i.e. event rate on no treatment-event rate on treatment.  
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Table 2: Event rates (95% confidence interval) modelled for intra-cranial haemorrhage per 

100 patient years in a ‘real world cohort’ taking 30 mg or 60 mg dose of edoxaban 

adjusted for effect size for no treatment and warfarin. 

 

 No 

Treatment* 

Warfarin 

(dose 

adjusted)* 

NNH Edoxaban 

(30 mg) 

 

NNT Edoxaban 

(60 mg) 

 

NNT 

All subjects 0.30 

(0.29,0.31) 

0.44 

(0.42,0.45) 

714 0.11 

(0.11,0.12) 

 

526 0.21 

(0.20,0.21) 

 

1,111 

CHADS2 score        

0 0.10 

(0.09,0.11) 

0.15 

(0.14,0.17) 

2000 0.04 

(0.04,0.04) 

1667 0.07 

(0.07,0.08) 

3,333 

1 0.30 

(0.28,0.32) 

0.39 

(0.37,0.42) 

1111 0.10 

(0.10,0.11) 

500 0.18 

(0.17,0.20) 

833 

2-6 0.40 

(0.38,0.42) 

0.44 

(0.41,0.46) 

2500 0.11 

(0.11,0.12) 

345 0.21 

(0.19,0.22) 

526 

CHA2DS2-VASc 

score 

       

0 0.05 

(0.04,0.06) 

0.09 

(0.08,0.11) 

2500  0.02 

(0.02,0.03) 

3,333 0.04 

(0.04,0.05) 

10,000 

1 0.10 

(0.09,0.11) 

0.14 

(0.13,0.16) 

2500 0.04 

(0.03,0.04) 

1,667 0.07 

(0.06,0.08) 

3,333 

2-9 0.30 

(0.29,0.31) 

0.36 

(0.34,0.37) 

1667 0.09 

(0.09,0.10) 

476 0.17 

(0.16,0.17) 

769 

 

NNT: number of patients needed to treat to prevent one ICH per year. NNH = number 

needed to harm, i.e. the number of patients needed to treat to cause an ICH. NNT and NNH 

are calculated as 1/ARR, where ARR is the absolute risk reduction, i.e. event rate on no 

treatment-event rate on treatment. *Data from reference 11.  
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Table 3: Net clinical benefit (95% confidence interval) of warfarin and 30 mg and 60 mg 

doses of edoxaban compared to no treatment.  

 

 

 

 

Warfarin 

(dose  

adjusted) 

Edoxaban 

(30 mg) 

Edoxaban 

(60 mg) 

    

All  

subjects 

0.26 

(0.24,0.28) 

0.71 

(0.68,0.73) 

0.71 

(0.69,0.76) 

    

CHADS2 score    

0 0.02 

(0.01,0.03) 

0.18 

(0.15,0.20) 

0.16 

(0.14,0.17) 

1 0.36 

(0.32,0.39) 

0.77  

(0.70,0.81) 

0.79 

(0.72,0.84) 

2-6 1.3 

(1.2,1.4) 

1.68  

(1.58,1.75) 

1.99 

(1.90,2.08) 

    

CHA2DS2-VASc 

score 

   

0 -0.03 

(-0.03, -0.035) 

0.07  

(0.06,0.08) 

0.05 

(0.04,0.05) 

1 -0.01 

(-0.01, -0.015) 

0.14  

(0.14,0.16) 

0.10 

(0.10,0.11) 

2-9 0.83 

(0.81,0.89) 

1.15  

(1.12,1.19) 

1.34  

(1.29,1.43) 

 

Net clinical benefit (NCB)[Events prevented per 100 person-years (95% confidence interval)] 

is calculated as annualised (stroke and systemic embolism rate off treatment – stroke and 

systemic embolism rate on treatment) - 1.5 x (ICH rate on treatment – ICH rate off treatment)
2.  
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Table 4: Net clinical benefit (95% confidence interval) of 30 mg and 60 mg doses of 

edoxaban versus warfarin on the risk of stroke, systemic embolism and ICH risk as 

assessed by the CHADS2, CHA2DS2-VASc and HAS-BLED scores. 

 

  

HAS-BLED Score ≤2 

 

HAS-BLED Score ≥3 

 

Edoxaban  

(30 mg) 

 

 

Edoxaban 

(60 mg) 

 

Edoxaban  

(30 mg) 

 

 

Edoxaban  

(60 mg) 

CHADS2 

0 1.80  

(1.59,2.05) 

1.16 

(1.01,1.34) 

1.20 

(-0.74,3.36) 

0.77 

(-0.99,2.64) 

1 2.34 

(2.10,2.61) 

1.78  

(1.58,2.01) 

1.96 

(1.34,2.60) 

1.44 

(0.91,1.98) 

2-6 3.29 

(2.94,3.64) 

2.77  

(2.46,3.09) 

3.84 

(3.40,4.30) 

3.36 

(2.96,3.78) 

CHA2DS2-VASc 

0 2.06 

(1.65,2.49) 

1.30 

(1.00,1.58) 

- - 

1 1.65  

(1.34,1.97) 

1.05 

(0.81,1.29) 

1.21 

(-0.25,2.89) 

0.82 

(-0.48,2.19) 

2-9 2.63 

(2.42,2.84) 

2.09 

(1.91,2.26) 

3.43 

(3.07,3.80) 

2.94 

(2.61,3.28) 

 

Net clinical benefit (NCB) = events prevented per 100 patient-years (95% confidence 

interval) of edoxaban is calculated as annualised NCB on warfarin12 - [1-relative risk of 

stroke and systemic embolism for edoxaban10 x stroke and systemic embolism rate on 

warfarin11]+[1.5x (1-relative risk for ICH on edoxaban10 x rate of ICH on warfarin11)], 

modified from Singer et al2 .  
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Fig. 1 


