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Summary 
The concept of net clinical benefit has been used to quantify the bal-
ance between risk of ischaemic stroke (IS) and risk of intracranial haem-
orrhage (ICH) with the use oral anticoagulant therapy (OAC) in the set-
ting of non-valvular atrial fibrillation (AF), and has shown that patients 
at highest risk of stroke and thromboembolism gain the greatest bene-
fit from OAC with warfarin. There are no data for the new OACs, that is, 
dabigatran, rivaroxaban and apixaban, as yet. We calculated the net 
clinical benefit balancing IS against ICH using data from the Danish 
National Patient Registry on patients with non-valvular AF between 
1997–2008, for dabigatran, rivaroxaban and apixaban on the basis of 
recent clinical trial outcome data for these new OACs. In patients with 
CHADS2=0 but at high bleeding risk, apixaban and dabigatran 110 mg 
bid had a positive net clinical benefit. At CHA2DS2-VASc=1, apixaban 
and both doses of dabigatran (110 mg and 150 mg bid) had a positive 
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net clinical benefit. In patients with CHADS2 score≥1 or 
CHA2DS2-VASc≥2, the three new OACs (dabigatran, rivaroxaban and 
apixaban) appear superior to warfarin for net clinical benefit, regard-
less of risk of bleeding. When risk of bleeding and stroke are both high, 
all three new drugs appear to have a greater net clinical benefit than 
warfarin. In the absence of head-to-head trials for these new OACs, our 
analysis may help inform decision making processes when all these 
new OACs become available to clinicians for stroke prevention in AF. 
Using ‘real world’ data, our modelling analysis has shown that when 
the risk of bleeding and stroke are both high, all three new drugs appear 
to have a greater net clinical benefit compared to warfarin.  
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Introduction 

The concept of net clinical benefit has been used to quantify the 
balance between risk of ischaemic stroke (IS) and risk of intracran-
ial haemorrhage (ICH) with oral anticoagulant therapy (OAC) in 
the setting of non-valvular atrial fibrillation (AF), and has shown 
that patients at highest risk of stroke and thromboembolism gain 
the greatest benefit from OAC (1). Warfarin has traditionally been 
the only available OAC, but several new OACs (dabigatran, rivar-
oxaban and apixaban) have been the subject of recent published, 
randomised controlled clinical trials, showing favourable effects 
on both IS/thromboembolism and bleeding risk (2–5). Currently, 
dabigatran is the only agent licensed in Europe and North Ameri-
ca, and rivaroxaban was recently approved in the USA. Apixaban 
may become available in the near future, subject to regulatory ap-
proval.  

The net clinical benefit of warfarin has been studied in a ‘real 
world’ population, but there are no data for the new OACs as yet 
(6). Using our previously published data for net clinical benefit cal-
culated from the Danish National Patient Registry on patients with 
non-valvular AF between 1997–2008 (6), we modelled the ex-
pected net clinical benefit of dabigatran, rivaroxaban and apixaban 
on the basis of recent clinical trial outcomes.  

Methods 

Study population 

The study population used for our model was the Danish National 
Patient Registry. Published data regarding all patients with non-
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valvular AF in the study period 1997–2008 from the National Pa-
tient Registry were used. Non-valvular AF was defined by a dis-
charge diagnosis of AF or atrial flutter, absence of previous diag-
noses of mitral or aortic valve disease, and absence of mitral or aor-
tic valve surgery. Detailed history, including pharmacotherapy, and 
premorbid risk stratification scores for stroke/thromboembol-
ism(TE) (that is, CHADS2 [7], CHA2DS2-VASc [8]) and bleeding 
(HAS-BLED) are available for all patients. Published data also in-
clude outcomes, comprised of rates of stroke and thromboembol-
ism. 

Model assumptions 

The event rates per 100 person years for IS (�Table 1) and ICH 
(�Table 2) were calculated using data from the Danish study 
population (6) for patients on no treatment and on warfarin, strat-
ified by stroke risk as predicted by the CHADS2

 (7) and 
CHA2DS2-VASc scores (8). 

Using data from recent trials of the new OACs, the event rates 
for IS and ICH were estimated for the Danish population. For this 
model, the “real world” relative risks of IS with the new agents 
compared to warfarin were assumed to be 0.91 for dabigatran 110 
mg bid (3), 0.66 for dabigatran 150 mg bid (3), 0.88 for rivar-
oxaban (intention-to-treat analysis) (4), 0.79 (on-treatment analy-
sis) (4) and 0.79 for apixaban (5). The “real world” relative risks of 
ICH with the new agent compared to warfarin were assumed to be 
0.31 for dabigatran 110 mg bid (3), 0.40 for dabigatran 150 mg bid 
(3), 0.67 for rivaroxaban (4) and 0.42 for apixaban (5). The relative 
risks of IS and ICH were assumed to be constant across all cat-
egories of stroke risk and bleeding risk.  

The event rates per 100 person years for IS (�Table 1) and ICH 
(�Table 2) were calculated using these relative risks and event 
rates on no treatment and on warfarin in the Danish study popu-
lation (6), and stratified by stroke risk as predicted by the CHADS2

 

(7) and CHA2DS2-VASc scores (8). The number of patients needed 
to treat (NNT) to prevent one IS per year was calculated as 1/ARR, 
where ARR was the absolute reduction, i.e. event rate on no treat-
ment-event rate on treatment. NNT were also calculated for ICH. 
A negative value for NNT denotes the “number needed to harm”, i.e. 
the number of patients needed to treat to cause an ICH. 

The net clinical benefit was calculated using the formula [(IS 
rate on no treatment- IS rate on anticoagulant)-1.5(ICH rate on no 
treatment- ICH rate on anticoagulant)] as previously used by 
Singer et al. (1) for the different risk categories and stratified by 
CHADS2

 (7),CHA2DS2-VASc (8) and HAS-BLED (9) scoring sys-
tems.  

Results 

�Table 1 shows the event rates for IS per 100 person years. The 
overall rate of IS on no treatment was 1.00 (0.96,1.05) per 100 per-
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son years. On warfarin, the overall rate was 0.53 (0.51,0.56) per 100 
person years and the NNT to prevent 1 IS was 213 per year. In our 
model, all of the new OACs had lower predicted IS rates than war-
farin, with dabigatran 150 mg bid having the lowest rate of 0.35 
(0.34,0.37) per 100 person years with a NNT of 154. For all new 
OACs, the IS event rate increased with increasing CHADS2 and 
CHA2DS2-VASc scores.  

The NNTs at CHADS2≥2 were 74 for warfarin, 66 for dabigatran 
110 mg bid, 52 for dabigatran 150 mg bid, 60 for rivaroxaban (in-
tention-to-treat analysis) and 59 for apixaban, respectively. The 
corresponding NNTs at CHA2DS2-VASc ≥2 were 109 for warfarin, 
97 for dabigatran 110 mg bid, 78 for dabigatran 150 mg bid, 88 for 
rivaroxaban (intention-to-treat analysis) and 87 for apixaban, re-
spectively.  

�Table 2 shows the event rates for haemorrhagic stroke per 100 
person years. The overall rate of ICH on no treatment was 
0.30(0.29,0.31) per 100 person years. On warfarin, the overall rate 
was 0.44(0.42,0.45) per 100 person years and the NNH to cause 1 
ICH was 714 per year. In our model, all of the new OACs had lower 
predicted ICH rates than warfarin, in that the NNTs were all posi-
tive. Dabigatran 110 mg bid had the lowest rate of ICH of 0.14 
(0.13,0.14) per 100 person years and the NNT was 625 to prevent 1 
ICH. As with IS, for all agents, the event rate increased with increas-
ing CHADS2 and CHA2DS2-VASc scores.  

The NNTs at CHADS2≥2 were –2500 for warfarin, 385 for da-
bigatran 110 mg, 435 for 150 mg, 909 for rivaroxaban and 455 for 
apixaban, respectively. The corresponding NNTs at 
CHA2DS2-VASc ≥2 were –1667 for warfarin, 526 for dabigatran 
110 mg bid, 625 for dabigatran 150 mg bid, 667 for rivaroxaban 
(intention-to-treat analysis) and 87 for apixaban, respectively. 

�Table 3 shows the net clinical benefit of warfarin and new 
OACs versus no treatment by stroke and bleeding risk as assessed 
by the CHADS2, CHA2DS2-VASc and HAS-BLED scores. As pre-

viously shown (6), the net clinical benefit balancing IS against ICH 
is only negative with warfarin at a CHA2DS2-VASc score=0. Warfa-
rin had a positive net clinical benefit at CHADS2≥1 or 
CHA2DS2-VASc≥2. All new OACs were predicted to have a positive 
net clinical benefit in all categories of patient except those with 
CHADS2=0 (or CHA2DS2-VASc=0) and HAS-BLED≥3 (�Fig. 1). 

In patients with CHADS2=0 but at high bleeding risk, apixaban 
and dabigatran 110 mg bid have a positive net clinical benefit. At 
CHA2DS2-VASc=1, apixaban and both doses of dabigatran (110 
mg and 150 mg bid) have a positive net clinical benefit. In patients 
with CHADS2 score≥1 or CHA2DS2-VASc≥2, the three new OACs 
(dabigatran, rivaroxaban and apixaban) appear superior to warfa-
rin for net clinical benefit, regardless of risk of bleeding. When risk 
of bleeding and stroke are both high, all three new drugs had a 
greater net clinical benefit than warfarin (�Fig. 1). 

Discussion 

In our model for the present study, all new OACs (dabigatran, ri-
varoxaban and apixaban) are predicted to lead to lower rates of 
events than warfarin (�Tables 1 and 2). When risk of stroke and 
bleeding are low, all the new OACs (dabigatran, rivaroxaban and 
apixaban) are superior to warfarin in terms of net clinical benefit 
(�Table 3). As we previously reported (6), the net clinical benefit 
is only negative with warfarin at a CHA2DS2-VASc score=0, reflect-
ing the ‘truly low risk’ status of these patients. Whilst the net clini-
cal benefit for the new OACs at CHA2DS2-VASc=0 was generally 
favourable in this modelling exercise, the absolute event rates may 
be so low that a pragmatic common sense approach is needed on 
the necessity of even treating such ‘truly low risk’ patients with 
antithrombotic therapy.  

© Schattauer 2012 Thrombosis and Haemostasis 107.3/2012
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 No treatment Warfarin Rivaroxaban NNT Apixaban NNT 

CHADS2 score 

0 0.10 (0.09,0.11) 0.15 (0.14,0.17) 0.10 (0.10,0.11) - 0.06 (0.06,0.07) 2500 

1 0.30 (0.28,0.32) 0.39 (0.37,0.42) 0.26 (0.25,0.28) 2500 0.16 (0.15,0.18) 714 

2–6 0.40 (0.38,0.42) 0.44 (0.41,0.46) 0.29 (0.28,0.31) 909 0.18 (0.17,0.19) 455 

CHA2DS2-VASc score 

0 0.05 (0.04,0.06) 0.09 (0.08,0.11) 0.06 (0.05,0.07) –10000 0.04 (0.03,0.05) 10000 

1 0.10 (0.09,0.11) 0.14 (0.13,0.16) 0.09 (0.08,0.10) 10000 0.06 (0.05,0.07) 2500 

2–9 0.30 (0.29,0.31) 0.36 (0.34,0.37) 0.24 (0.23,0.25) 1667 0.15 (0.14,0.15) 667 

Overall 0.30 (0.29,0.31) 0.44 (0.42,0.45) 0.29 (0.28,0.30) 10000 0.18 (0.18,0.19) 833 

ITT: Intention-to-treat analysis; OTA: On treatment analysis. NNT: number of patients needed to treat to prevent one intracranial haemorrhage per year. A negative 
value for NNT denotes the “number needed to harm”, i.e. the number of patients needed to treat to cause an intracranial haemorrhage. NNT is calculated as 
1/ARR, where ARR is the absolute reduction, i.e. event rate on no treatment-event rate on treatment. These data were derived from the Danish National Patient 
Registry, where all patients discharged with non-valvular AF in Denmark were identified (n=132,372) as described by Olesen et al. (6). Patients were followed up 
from index AF discharge and throughout the study period, i.e. maximum 12 years of follow-up. 

NNT 

–2000 

–1111 

–2500 

–2500 

–2500 

–1667 

–714 

Dabigatran 
110 mg 

0.05 (0.04,0.05) 

0.12 (0.11,0.13) 

0.14 (0.13,0.14) 

0.03 (0.02,0.03) 

0.04 (0.04,0.05) 

0.11 (0.11,0.11) 

0.14 (0.13,0.14) 

NNT 

2000 

556 

385 

5000 

1667 

526 

625 

Dabigatran 
150 mg 

0.06 (0.06,0.07) 

0.16 (0.15,0.17) 

0.17 (0.16,0.18) 

0.04 (0.03,0.04) 

0.06 (0.05,0.06) 

0.14 (0.14,0.15) 

0.18 (0.17,0.18) 

NNT 

2500 

714 

435 

10000 

2500 

625 

833 

Table 2: Event rates (95% confidence interval) for intracranial haemorrhage (ICH) per 100 person years in a ‘real world’ cohort adjusted for 
effect size from dabigatran, rivaroxaban and apixaban. 
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In patients with CHADS2=0 but at high bleeding risk, we found 
apixaban and dabigatran 110 mg bid have a positive net clinical 
benefit, when compared to others. At CHA2DS2-VASc=1, only api-
xaban and both doses of dabigatran (110 mg and 150 mg bid) ap-
peared have a positive net clinical benefit. In patients with 
CHADS2 score≥1 or CHA2DS2-VASc≥2, the three new drugs did 
better than warfarin for net clinical benefit, regardless of risk of 
bleeding.  

When risk of bleeding and stroke are both high, all three new 
OACs demonstrated a greater net clinical benefit compared to war-
farin. For net clinical benefit. Patients with a high HAS-BLED score 
≥3 generally had a greater net clinical benefit with any OAC 
(whether warfarin or a new agent), given that higher bleeding risk 
individuals would also be at high IS risk, and have a much greater 
absolute reduction in stroke risk with OAC, which would outweigh 
the small absolute increase in ICH (or major bleeding) events (10). 

Limitations 

Whereas the Danish National Registry does reflect a ‘real world’ 
setting, this does not hold true for the three new OAC trials, and 
therefore, modelling the expected net clinical benefit of the new 
OACs on the basis of trial outcomes may not be the same as if de-
rived from a ‘real world’ clinical registry of these new drugs (and 
such data are not available as yet). Indeed, it must be emphasised 
that all the new OACs are powerful anticoagulants, and would 
work well if used correctly, and in the appropriate patients. Clearly, 
when used inappropriately (e.g. in AF patients with renal failure), 
the risk of major adverse events is high. 

Thrombosis and Haemostasis 107.3/2012 © Schattauer 2012
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What is known about this topic? 
● Several new oral anticoagulants (dabigatran, rivaroxaban and api-

xaban) have been the subject of recent published, randomised con-
trolled clinical trials, showing favourable effects on both ischaemic 
stroke/thromboembolism and bleeding risk. 

● The net clinical benefit balancing ischaemic stroke against intra-
cranial haemorrhage is only negative with warfarin at a 
CHA2DS2-VASc score=0, reflecting the ‘truly low risk’ status of 
these patients.  

What does this paper add? 
● In patients with CHADS2=0 but at high bleeding risk, apixaban and 

dabigatran 110 mg bid have a positive net clinical benefit.  
● At CHA2DS2-VASc=1, apixaban and both doses of dabigatran (110 

mg and 150 mg bid) have a positive net clinical benefit.  
● In patients with CHADS2 score≥1 or CHA2DS2-VASc≥2, the three 

new OACs (dabigatran, rivaroxaban and apixaban) appear su-
perior to warfarin for net clinical benefit, regardless of risk of 
bleeding.  

● When risk of bleeding and stroke are both high, all three new drugs 
appear to have a greater net clinical benefit than warfarin. 
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We have also made no assumptions on quality of anticoagu-
lation control with warfarin (as measured by the time in thera-
peutic range), which may be fairly variable in ‘real world’ cohorts 
and related to prognosis (11, 12). Residual confounding may also 
be possible given the current ‘holistic’ approach to stroke risk re-
duction in AF populations (13).  

Conclusion 

Using ‘real world’ data from the Danish National Patient Registry, 
we have modelled net clinical benefit data balancing IS against ICH 
in patients with non-valvular AF, for dabigatran, rivaroxaban and 
apixaban on the basis of recent clinical trial outcome data for these 
new OACs. When the risk of bleeding and stroke are both high, all 
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Figure 1: Net clinical 
benefit for warfarin, 
dabigatran, rivar-
oxaban and apixaban 
by CHA2DS2-VASc and 
HAS-BLED scores. A) 
HAS-BLED ≤2. B) HAS-
BLED ≥3. For HAS-BLED 
≥3, there were no data 
with CHA2DS2-VASc 
score=0. Rivaroxaban 
(intention-to-treat) data 
shown. D110: dabigatran 
110 mg; D150: dabig-
atran 150 mg. 

A 

B 
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three new drugs appear to have a greater net clinical benefit com-
pared to warfarin. In the absence of head-to-head trials for these 
new OACs, our analysis may help inform decision making pro-
cesses when all these new OACs become available for clinicians to 
prescribe for stroke prevention in AF. 
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