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ORIGINAL RESEARCH

Performance of the HAS- BLED, ORBIT, and 
ATRIA Bleeding Risk Scores on a Cohort 
of 399 344 Hospitalized Patients With 
Atrial Fibrillation and Cancer: Data From 
the French National Hospital Discharge 
Database
Daniele Pastori , MD, PhD; Amélie Marang , MD; Arnaud Bisson , MD; Julien Herbert, MSc;  
Gregory Yoke Hong Lip , MD*; Laurent Fauchier , MD*

BACKGROUND: The association between cancer types and specific bleeding events in patients with atrial fibrillation has been 
scarcely investigated. Also, the performance of bleeding risk scores in this high- risk subgroup of patients is unclear. We 
investigated the rate of any bleeding, intracranial hemorrhage, major bleeding, and gastrointestinal bleeding according to 
cancer types in patients with atrial fibrillation. We also tested the predictive value of HAS- BLED, ATRIA, and ORBIT bleeding 
risk scores.

METHODS AND RESULTS: Observational retrospective cohort study including hospitalized patients with atrial fibrillation and 
cancer from the French National Hospital Discharge Database (Programme de Medicalisation des Systemes d’Information) 
from January 2010 to December 2019. Major bleeding was defined according to Bleeding Academic Research Consortium 
definitions. Patients with HAS- BLED ≥3, ATRIA ≥5, or ORBIT ≥4 were classified as at high bleeding risk. Receiver operat-
ing characteristic analysis for each score against any bleeding, major bleeding, gastrointestinal bleeding, and intracranial 
hemorrhage was performed. Areas under the curve (AUCs) were then compared. We included 399 344 patients. Mean age 
was 77.9±10.2 years, and 63.2% were men. The highest intracranial hemorrhage rates were found in leukemia (1.89%/year), 
myeloma (1.52%/year), lymphoma and liver (1.45%/year), and pancreas cancer (1.41%/year). Receiver operating characteristic 
analysis showed that ORBIT score predicted best for any bleeding. In addition, ORBIT score ≥4 had the highest predictivity 
for major bleeding (AUC, 0.805), followed by HAS- BLED ≥3 and ATRIA ≥5 (AUCs, 0.716 and 0.700, respectively). HAS- BLED 
and ORBIT performed best for intracranial hemorrhage (AUCs, 0.744 and 0.742 for continuous scores, respectively), better 
than ATRIA (AUC, 0.635). For gastrointestinal bleeding, ORBIT ≥4 had the highest predictivity (AUC, 0.756), followed by the 
HAS- BLED ≥3 (AUC, 0.702) and ATRIA ≥5 (AUC, 0.662).

CONCLUSIONS: Some cancer types carry a greater bleeding risk in patients with atrial fibrillation. The identification and manage-
ment of modifiable bleeding risk factors is crucial in these patients, as well as to flag up high bleeding risk patients for early 
review and follow- up.
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The prevalence of atrial fibrillation (AF) is rapidly 
increasing with the aging of the general popula-
tion.1 Recent data on >8 million people showed 

that the prevalence of AF in the elderly population, 
aged ≥65 years, is up to 12.7%.2 Most elderly patients 
with AF have multiple cardiovascular comorbidities,3 
accounting for the increased mortality risk associated 
with this arrhythmia.4 However, a substantial propor-
tion of deaths in the population with AF is not attrib-
utable to the effect of cardiovascular risk factors5 but 
relates to noncardiovascular causes, such as renal fail-
ure and cancer.6

Both AF and cancer incidences are aging related, 
explaining the rapidly increasing proportion of elderly 
patients with AF surviving cancer and living with both 
these conditions.7,8 Previous studies showed that the 
coexistence of cancer complicates the prognosis of 
patients with AF by increasing all- cause and cardio-
vascular mortality.9 In addition, cancer may increase 
the risk of major bleeding (MB) and intracranial hem-
orrhage (ICH) in AF,10– 12 which is associated with an 
increased risk of mortality.13,14 However, the risks of 

bleeding may vary according to cancer site, as well as 
the interplay of nonmodifiable and modifiable bleeding 
risk factors, but data on this aspect are sparse. In addi-
tion, clinical characteristics of patients with cancer and 
AF experiencing MB, gastrointestinal bleeding (GB), 
and ICH are not well described.

Another still open issue is the limited validation of 
existing bleeding risk scores used for patients with AF 
and no cancer. A recent network metanalysis showed 
some differences on the predictivity of bleeding risk 
scores in the general population with AF,15 whereas an 
independent systematic review and evidence appraisal 
found that the HAS- BLED score had the best predic-
tive value,16 including for ICH prediction.17 The appro-
priate use of bleeding risk scores is to draw attention to 
modifiable bleeding risk factors for mitigation, as well 
as to flag up patients with high bleeding risk for early 
review and follow- up.18

In a large cohort of nearly 400 000 patients with AF 
and cancer, our aim was to investigate the risk of MB, 
GB, and ICH according to cancer types, and second, 
to determine the predictive value of 3 commonly used 
bleeding risk scores: HAS- BLED,19 ATRIA,20 and ORBIT.21

METHODS
Data are presented as per the Reporting of Studies 
Conducted Using Observational Routinely Collected 
Data guidelines. The authors declare that all supporting 
data are available within the article and its supplemental 
files. This longitudinal cohort study was based on a na-
tional hospitalization database in France covering hos-
pital care across the entire population. In France, each 
hospital discharge, whether from a public or a private 
hospital, must be registered in the National Hospital 
Discharge Database (Programme de Medicalisation 
des Systemes d’Information). A standardized dis-
charge summary is collected for every hospital stay in 
France based on the diagnosis and procedures codes, 
inspired by the US Medicare system. Since 2004, 
each hospital’s budget has been linked to the medi-
cal activity described in this specific program, which 
compiles discharge abstracts related to all admissions 
for inpatients in the 1546 French health care facilities, 
and the International Classification of Diseases, Tenth 
Revision (ICD- 10) is used to code discharge diagno-
ses. A unique patient identification number makes it 
possible to link multiple hospital stays corresponding 
to a single patient without revealing his or her iden-
tity. Data for all patients admitted with AF in France 
from January 2010 to December 2019 were collected 
from the National Hospital Discharge Database using 
the annually updated versions of the ICD- 10 for the 
years 2010 to 2019 (Table S1). All medical procedures 
are recorded according to the national nomenclature, 

CLINICAL PERSPECTIVE

What Is New?
• Our results provide novel insights on the pre-

dictive value of 3 commonly used bleeding risk 
scores (namely, HAS- BLED, ORBIT, and ATRIA 
scores) in patients with atrial fibrillation and can-
cer, showing that HAS- BLED and ORBIT per-
formed best for intracranial hemorrhage (areas 
under the curve, 0.744 and 0.742, respectively), 
better than ATRIA (area under the curve, 0.635), 
with similar results for any and major bleedings.

What Are the Clinical Implications?
• Some cancer types are associated with an 

excess risk of major bleeding and intracranial 
hemorrhage, especially leukemia, myeloma, 
lymphoma, and liver and pancreas cancer, sug-
gesting that a careful bleeding risk stratification 
in patients with atrial fibrillation diagnosed with 
these cancers should be performed to tailor an-
tithrombotic therapy and to reduce the risk of 
bleeding.

Nonstandard Abbreviations and Acronyms

GB gastrointestinal bleeding
ICH intracranial hemorrhage
IR incidence rate
MB major bleeding
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Classification Commune des Actes Medicaux. The 
reliability of National Hospital Discharge Database 
data has already been assessed and used previously 
to study patients with AF and stroke.22 The National 
Hospital Discharge Database does not contain data on 
anticoagulants.

The medical information contained in the database 
is anonymous and protected by professional confiden-
tiality. Consequently, ethics review was not required. 
Patient consent was not sought. The study was con-
ducted retrospectively, patients were not involved in 
its conduct, and there was no impact on their care. 
This type of study was approved by the institutional 
review board of the Pole Coeur Thorax Vaisseaux from 
the Trousseau University Hospital (Tours, France) on 
December 1, 2015, and registered as a clinical audit. 
Procedures for data collection and management were 
approved by the Conseil National de l’Informatique et 
des Libertés, the independent national ethics commit-
tee protecting human rights in France, which ensures 
that all information is kept confidential and anonymous 
(authorization No. 1749007). From January 2010 to 
December 2019, 2 435 541 adults (aged ≥18 years) 
were hospitalized with a diagnosis of AF (code I48) 
as the principal diagnosis (ie, the condition justifying 
hospital admission), a related diagnosis (ie, potential 
chronic disease or health state during the hospital 
stay), or an associated diagnosis (ie, comorbidity or 
associated complication). For each hospital stay, com-
bined diagnoses at discharge were obtained.

Cancer was defined by the specific ICD- 10 indicat-
ing its site; patients may have experienced >1 cancer 
type during follow- up. Furthermore, metastatic cancer 
definition included any primary cancer location in met-
astatic phase.

Bleeding Risk Score Calculation
The ATRIA bleeding risk was calculated according to 
the original work by Fang et al20 as follows: anemia, 
severe renal disease (eg, dialysis), age ≥75 years, prior 
bleeding, and hypertension. High bleeding risk was 
defined as an ATRIA score ≥5. The HAS- BLED score 
was developed from the European Heart Survey da-
tabase,19 including uncontrolled hypertension (systolic 
blood pressure >160 mm Hg), abnormal kidney (dialy-
sis or transplant)/liver function (ie, cirrhosis), previous 
stroke, bleeding history or predisposition, elderly age 
(≥65 years), and drug (antiplatelet, nonsteroidal anti- 
inflammatory drugs)/alcohol abuse. Labile international 
normalized ratio was unavailable, as in most admin-
istrative databases using ICD- 10 codes, and it was 
scored 0 point. Patients were classified at high risk 
when the HAS- BLED score was ≥3. The ORBIT score 
was derived from the ORBIT- AF (Outcomes Registry 
for Better Informed Treatment of Atrial Fibrillation)21 and 

included older age ≥75 years, anemia, bleeding history, 
and chronic kidney disease. Treatment with antiplatelet 
drugs was scored 0 as this information is lacking in the 
administrative data set.

Use of medication was identified from a 1 of 97 
permanent random sample of the complete French 
nationwide claims database (Echantillon Généraliste 
de Bénéficiaires: general sample of health care benefi-
ciary, which has been previously used to study patients 
with AF in France23) for patients with same inclusion 
criteria as those in the present analysis. Patients were 
considered to be included in a treatment group if 
they received a treatment from that class of drugs for 
≥60 days within 6 months after enrollment.

Follow- Up and Definition of Outcomes
The follow- up started at the date of hospitalization, and 
all bleeding events occurring during the in- hospital stay 
or during follow- up after discharge were recorded. We 
defined MB using the Bleeding Academic Research 
Consortium definitions.24 Major Bleeding Academic 
Research Consortium bleeding was defined as bleed-
ing with a reduction in the hemoglobin level of at least 
20 g/L, or with transfusion of at least 1 unit of blood, 
or symptomatic bleeding in a critical area or organ (eg, 
intracranial, intraspinal, intraocular, retroperitoneal, 
intra- articular or pericardial, or intramuscular with com-
partment syndrome) or bleeding that causes death.

Any bleeding definition included MB with the addi-
tion of other bleeding (see Table S1 for ICD- 10 codes).

Statistical Analysis
Qualitative variables were described using counts and 
percentages, and continuous quantitative variables were 
described as mean and SD. Comparisons were made 
using parametric or nonparametric tests, as appropriate. 
The Student t test or Wilcoxon rank sum test was used 
for comparing values between 2 independent groups, 
and the χ2 test was used to compare categorical data. 
Standardized differences were calculated as the differ-
ence in means or proportions divided by a pooled esti-
mate of the SD and multiplied by 100. A standardized 
difference of >10 was consider as significant.

Incidence rates (IRs) with 95% CIs were calculated 
for bleeding events and by univariable Cox proportional 
hazards regression models to calculate the relative 
hazard ratio (HR) and 95% CI for each clinical variable. 
Different Cox proportional hazards models were used 
to identify independent characteristics associated with 
the occurrence of each clinical outcome.

Nonparametric receiver operating characteristic 
(ROC) curves were constructed, and Harrell C indexes 
(ie, area under the curve [AUC]) were calculated to in-
vestigate the predictive value of HAS- BLED, ATRIA, 
and ORBIT scores. The ROC curve was plotted by 

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 13, 2022



J Am Heart Assoc. 2022;11:e026388. DOI: 10.1161/JAHA.121.026388 4

Pastori et al Bleeding Risk in Atrial Fibrillation and Cancer

Ta
b

le
 1

. 
C

h
a

ra
c

te
ri

st
ic

s 
o

f 
P

at
ie

n
ts

 W
it

h 
A

F 
a

n
d

 C
a

n
c

e
r 

E
xp

e
ri

e
n

c
in

g
 D

if
fe

re
n

t 
B

le
e

d
in

g
 T

yp
e

C
h

ar
ac

te
ri

st
ic

A
ll 

p
at

ie
n

ts
 

(n
=

39
9 

34
4)

A
ny

 b
le

ed
in

g

S
ta

nd
ar

d
iz

ed
 

d
iff

er
en

ce

M
aj

o
r 

b
le

ed
in

g

S
ta

nd
ar

d
iz

ed
 

d
if

fe
re

nc
e

IC
H

S
ta

nd
ar

d
iz

ed
 

d
if

fe
re

nc
e

G
B

S
ta

nd
ar

d
iz

ed
 

d
if

fe
re

nc
e

N
o

Y
es

N
o

Y
es

N
o

Y
es

N
o

Y
es

(n
=2

73
 9

49
)

(n
=1

25
 3

95
)

(n
=

35
6 

08
7)

(n
=

43
 2

57
)

(n
=

39
1 

80
0)

(n
=7

54
4)

(n
=

37
9 

31
9)

(n
=

20
 0

25
)

A
ge

, y
77

.9
±1

0.
2

77
.8

±1
0.

3
78

.0
±

9.
9

2.
0

77
.9

±1
0.

3
77

.4
±

9.
5

−
4.

9
77

.8
±1

0.
2

78
.9

±
9.

0
11

.1
77

.9
±1

0.
2

77
.7

±
9.

3
−

2.
2

S
ex

, m
en

25
2 

30
0 

(6
3.

2)
16

5 
96

5 
(6

0.
6)

86
 3

35
 

(6
8.

9)
17

.4
22

1 
92

7 
(6

2.
3)

30
 3

73
 

(7
0.

2)
16

.7
24

7 
35

0 
(6

3.
1)

49
50

 
(6

5.
6)

5.
2

23
8 

54
3 

(6
2.

9)
13

 7
57

 
(6

8.
7)

12
.3

C
H

A
2D

S
2V

A
S

c 
sc

or
e

3.
4±

1.
5

3.
4±

1.
5

3.
6±

1.
5

14
.9

3.
4±

1.
5

3.
5±

1.
5

3.
1

3.
4±

1.
5

3.
6±

1.
5

11
.1

3.
4±

1.
5

3.
5±

1.
5

2.
4

H
yp

er
te

ns
io

n
25

5 
73

3 
(6

4.
0)

16
8 

69
2 

(6
1.

6)
87

 0
41

 (6
9.

4)
16

.5
22

6 
39

7 
(6

3.
6)

29
 3

36
 (6

7.
8)

8.
9

25
0 

67
9 

(6
4.

0)
50

54
 (6

7.
0)

6.
3

24
2 

28
5 

(6
3.

9)
13

 4
48

 (6
7.

2)
6.

9

D
ia

b
et

es
89

 7
68

 (2
2.

5)
58

 0
58

 
(2

1.
2)

31
 7

10
 (2

5.
3)

9.
7

78
 6

61
 

(2
2.

1)
11

 1
07

 (2
5.

7)
8.

4
87

 9
06

 
(2

2.
4)

18
62

 (2
4.

7)
5.

3
84

 7
63

 
(2

2.
3)

50
05

 (2
5.

0)
6.

2

H
ea

rt
 fa

ilu
re

11
4 

24
3 

(2
8.

6)
89

 8
93

 
(3

2.
8)

49
 3

97
 (3

9.
4)

13
.7

12
3 

52
3 

(3
4.

7)
15

 7
67

 (3
6.

4)
3.

7
13

6 
74

9 
(3

4.
9)

25
41

 (3
3.

7)
−

2.
6

13
2 

06
7 

(3
4.

8)
72

23
 (3

6.
1)

2.
6

D
ila

te
d 

ca
rd

io
m

yo
pa

th
y

23
 9

10
 (6

.0
)

15
 4

15
 (5

.6
)

84
95

 (6
.8

)
4.

8
21

 0
95

 (5
.9

)
28

15
 (6

.5
)

2.
4

23
 4

55
 (6

.0
)

45
5 

(6
.0

)
0.

2
22

 6
16

 (6
.0

)
12

94
 (6

.5
)

2.
1

C
or

on
ar

y 
ar

te
ry

 
d

is
ea

se
98

 2
60

 (2
4.

6)
60

 4
98

 
(2

2.
1)

37
 7

62
 (3

0.
1)

18
.4

85
 8

74
 

(2
4.

1)
12

 3
86

 
(2

8.
6)

10
.3

96
 3

52
 

(2
4.

6)
19

08
 (2

5.
3)

1.
6

92
 7

44
 

(2
4.

5)
55

16
 (2

7.
5)

7.
1

P
re

vi
ou

s 
m

yo
ca

rd
ia

l 
in

fa
rc

tio
n

17
 6

43
 (4

.4
)

10
 5

56
 (3

.9
)

70
87

 (5
.7

)
8.

5
15

 6
13

 (4
.4

)
20

30
 (4

.7
)

1.
5

17
 3

61
 (4

.4
)

28
2 

(3
.7

)
−

3.
5

16
 7

93
 (4

.4
)

85
0 

(4
.2

)
−

0.
9

P
re

vi
ou

s 
P

C
I

16
 6

92
 (4

.2
)

97
16

 (3
.5

)
69

76
 (5

.6
)

9.
7

14
 6

19
 (4

.1
)

20
73

 (4
.8

)
3.

3
16

 3
92

 (4
.2

)
30

0 
(4

.0
)

−1
.0

15
 8

19
 (4

.2
)

87
3 

(4
.4

)
0.

9

P
re

vi
ou

s 
C

A
B

G
19

65
 (0

.5
)

74
56

 (2
.7

)
61

39
 (4

.9
)

11
.4

11
 5

53
 (3

.2
)

20
42

 (4
.7

)
7.

6
13

 3
08

 (3
.4

)
28

7 
(3

.8
)

2.
2

12
 7

23
 (3

.4
)

87
2 

(4
.4

)
5.

2

Va
sc

ul
ar

 d
is

ea
se

77
 2

24
 (1

9.
3)

46
 3

34
 

(1
6.

9)
30

 8
90

 (2
4.

6)
19

.1
67

 4
78

 
(1

8.
9)

97
46

 (2
2.

5)
8.

8
75

 7
74

 
(1

9.
3)

14
50

 (1
9.

2)
−

0.
3

72
 9

87
 

(1
9.

2)
42

37
 (2

1.
2)

4.
8

D
ys

lip
id

em
ia

95
 8

20
 (2

4.
0)

60
 9

46
 

(2
2.

2)
34

 8
74

 (2
7.

8)
4.

5
84

 2
73

 
(2

3.
7)

11
 5

47
 (2

6.
7)

7.
0

93
 9

50
 

(2
4.

0)
18

70
 (2

4.
8)

1.
9

90
 6

26
 

(2
3.

9)
51

94
 (2

5.
9)

4.
7

Is
ch

em
ic

 s
tr

ok
e

22
 5

93
 (5

.7
)

14
 5

97
 (5

.3
)

79
96

 (6
.4

)
4.

5
20

 3
82

 (5
.7

)
22

11
 (5

.1
)

−
2.

7
22

 0
01

 (5
.6

)
59

2 
(7

.8
)

8.
9

21
 6

34
 (5

.7
)

95
9 

(4
.8

)
−

4.
1

P
re

vi
ou

s 
IC

H
79

48
 (2

.0
)

0 
(0

.0
)

79
48

 (6
.3

)
36

.8
66

20
 (1

.9
)

13
28

 (3
.1

)
7.

8
79

48
 (2

.0
)

0 
(0

.0
)

−
20

.3
76

86
 (2

.0
)

26
2 

(1
.3

)
−

5.
6

Lu
ng

 d
is

ea
se

87
 5

69
 (2

1.
9)

56
 4

81
 

(2
0.

6)
31

 0
88

 (2
4.

8)
10

.0
78

 4
76

 
(2

2.
0)

90
93

 (2
1.

0)
−

2.
5

86
 2

66
 

(2
2.

0)
13

03
 (1

7.
3)

−1
2.

0
83

 3
80

 
(2

2.
0)

41
89

 (2
0.

9)
−

2.
6

C
O

P
D

55
 8

91
 (1

4.
0)

35
 7

07
 

(1
3.

0)
20

 1
84

 (1
6.

1)
8.

7
49

 7
75

 
(1

4.
0)

61
16

 (1
4.

1)
0.

5
55

 1
02

 
(1

4.
1)

78
9 

(1
0.

5)
−1

1.
0

53
 0

61
 

(1
4.

0)
28

30
 (1

4.
1)

0.
4

Li
ve

r 
d

is
ea

se
23

 2
65

 (5
.8

)
13

 4
35

 (4
.9

)
98

30
 (7

.8
)

12
.0

20
 4

78
 (5

.8
)

27
87

 (6
.4

)
2.

9
22

 8
93

 (5
.8

)
37

2 
(4

.9
)

−
4.

0
21

 9
66

 (5
.8

)
12

99
 (6

.5
)

2.
9

Th
yr

oi
d 

d
is

ea
se

s
39

 9
55

 (1
0.

0)
27

 0
88

 (9
.9

)
12

 8
67

 (1
0.

3)
1.

2
35

 8
44

 
(1

0.
1)

41
11

 (9
.5

)
−1

.9
39

 2
17

 
(1

0.
0)

73
8 

(9
.8

)
−

0.
8

38
 0

28
 

(1
0.

0)
19

27
 (9

.6
)

−1
.4

In
fla

m
m

at
or

y 
d

is
ea

se
30

 9
25

 (7
.7

)
18

 5
06

 (6
.8

)
12

 4
19

 (9
.9

)
11

.4
27

 2
04

 (7
.6

)
37

21
 (8

.6
)

3.
5

30
 4

33
 (7

.8
)

49
2 

(6
.5

)
−

4.
8

29
 3

18
 (7

.7
)

16
07

 (8
.0

)
1.

1

C
og

ni
tiv

e 
im

pa
irm

en
t

33
 2

05
 (8

.3
)

22
 4

16
 (8

.2
)

10
 7

89
 (8

.6
)

1.
5

30
 6

97
 (8

.6
)

25
08

 (5
.8

)
−1

0.
9

32
 5

80
 (8

.3
)

62
5 

(8
.3

)
−

0.
1

32
 0

63
 (8

.5
)

11
42

 (5
.7

)
−1

0.
7  (C

on
tin

ue
d

)

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 13, 2022



J Am Heart Assoc. 2022;11:e026388. DOI: 10.1161/JAHA.121.026388 5

Pastori et al Bleeding Risk in Atrial Fibrillation and Cancer

C
h

ar
ac

te
ri

st
ic

A
ll 

p
at

ie
n

ts
 

(n
=

39
9 

34
4)

A
ny

 b
le

ed
in

g

S
ta

nd
ar

d
iz

ed
 

d
iff

er
en

ce

M
aj

o
r 

b
le

ed
in

g

S
ta

nd
ar

d
iz

ed
 

d
if

fe
re

nc
e

IC
H

S
ta

nd
ar

d
iz

ed
 

d
if

fe
re

nc
e

G
B

S
ta

nd
ar

d
iz

ed
 

d
if

fe
re

nc
e

N
o

Y
es

N
o

Y
es

N
o

Y
es

N
o

Y
es

(n
=2

73
 9

49
)

(n
=1

25
 3

95
)

(n
=

35
6 

08
7)

(n
=

43
 2

57
)

(n
=

39
1 

80
0)

(n
=7

54
4)

(n
=

37
9 

31
9)

(n
=

20
 0

25
)

A
b

no
rm

al
 r

en
al

 
fu

nc
tio

n
35

 3
44

 (8
.9

)
19

 8
55

 (7
.2

)
15

 4
89

 (1
2.

4)
17

.2
30

 5
44

 (8
.6

)
48

00
 (1

1.
1)

8.
5

34
 6

53
 (8

.8
)

69
1 

(9
.2

)
1.

1
33

 3
74

 (8
.8

)
19

70
 (9

.8
)

3.
6

M
od

ifi
ab

le
 r

is
k 

fa
ct

or
s

S
m

ok
er

41
 3

07
 (1

0.
3)

26
 11

7 
(9

.5
)

15
 1

90
 (1

2.
1)

8.
3

36
 7

88
 

(1
0.

3)
45

19
 (1

0.
4)

0.
4

40
 7

12
 

(1
0.

4)
59

5 
(7

.9
)

−
8.

7
39

 3
86

 
(1

0.
4)

19
21

 (9
.6

)
−

2.
6

O
b

es
ity

60
 1

34
 (1

5.
1)

38
 3

12
 

(1
4.

0)
21

 8
22

 (1
7.

4)
9.

4
52

 9
82

 
(1

4.
9)

71
52

 (1
6.

5)
4.

5
59

 0
88

 
(1

5.
1)

10
46

 (1
3.

9)
−

3.
5

56
 8

31
 

(1
5.

0)
33

03
 (1

6.
5)

4.
2

A
lc

oh
ol

- r
el

at
ed

 
d

ia
gn

os
es

27
 4

38
 (6

.9
)

16
 3

16
 (6

.0
)

11
 1

22
 (8

.9
)

11
.1

23
 9

86
 (6

.7
)

34
52

 (8
.0

)
4.

8
26

 9
76

 (6
.9

)
46

2 
(6

.1
)

−
3.

1
25

 8
25

 (6
.8

)
16

13
 (8

.1
)

4.
8

S
le

ep
 a

p
ne

a 
sy

nd
ro

m
e

22
 7

52
 (5

.7
)

14
 4

56
 (5

.3
)

82
96

 (6
.6

)
5.

7
20

 0
37

 (5
.6

)
27

15
 (6

.3
)

2.
7

22
 3

26
 (5

.7
)

42
6 

(5
.6

)
−

0.
2

21
 4

96
 (5

.7
)

12
56

 (6
.3

)
2.

6

A
ne

m
ia

11
3 

13
2 

(2
8.

3)
63

 3
63

 
(2

3.
1)

65
 5

35
 (5

2.
3)

63
.0

10
8 

02
6 

(3
0.

3)
20

 8
72

 
(4

8.
3)

37
.3

12
6 

74
3 

(3
2.

3)
21

55
 (2

8.
6)

−
8.

2
12

1 
04

7 
(3

1.
9)

78
51

 (3
9.

2)
15

.3

D
en

ut
rit

io
n

59
 9

19
 (1

5.
0)

37
 8

15
 

(1
3.

8)
22

 1
04

 (1
7.

6)
10

.5
54

 5
24

 
(1

5.
3)

53
95

 (1
2.

5)
−

8.
2

59
 0

94
 

(1
5.

1)
82

5 
(1

0.
9)

−1
2.

4
57

 5
44

 
(1

5.
2)

23
75

 (1
1.

9)
−

9.
7

B
le

ed
in

g 
ris

k 
sc

or
es

H
A

S
- B

LE
D

 s
co

re
2.

5±
1.

2
2.

1±
1.

0
3.

4±
1.

0
12

7.
5

2.
4±

1.
1

3.
6±

1.
0

10
9.

0
2.

5±
1.

2
3.

5±
1.

0
95

.3
2.

5±
1.

1
3.

5±
1.

0
98

.7

H
A

S
- B

LE
D

 s
co

re
 

≥3
19

5 
51

6 
(4

9.
0)

90
 6

53
 

(3
3.

1)
10

4 
86

3 
(8

3.
6)

11
9.

4
15

7 
66

7 
(4

4.
3)

37
 8

49
 (8

7.
5)

10
2.

4
18

8 
88

8 
(4

8.
2)

66
28

 (8
7.

9)
93

.9
17

8 
04

4 
(4

6.
9)

17
 4

72
 (8

7.
3)

95
.0

AT
R

IA
 s

co
re

4.
6±

2.
7

3.
8±

2.
5

6.
3±

2.
5

10
1.

8
4.

3±
2.

6
7.

0±
2.

3
10

7.
6

4.
6±

2.
7

5.
8±

2.
5

46
.3

4.
5±

2.
7

6.
7±

2.
5

84
.9

AT
R

IA
 s

co
re

 ≥
5

18
6 

30
8 

(4
6.

7)
97

 1
84

 
(3

5.
5)

89
 1

24
 (7

1.
1)

76
.4

15
0 

72
5 

(4
2.

3)
35

 5
83

 
(8

2.
3)

90
.4

18
1 

86
0 

(4
6.

4)
44

48
 

(5
9.

0)
25

.3
17

0 
80

0 
(4

5.
0)

15
 5

08
 (7

7.
4)

70
.5

O
R

B
IT

 s
co

re
2.

6±
1.

8
1.

7±
1.

3
4.

4±
1.

2
21

3.
5

2.
3±

1.
7

4.
8±

1.
1

17
4.

2
2.

5±
1.

8
4.

0±
1.

2
97

.2
2.

5±
1.

8
4.

6±
1.

2
14

2.
6

O
R

B
IT

 s
co

re
 ≥

4
12

2 
96

0 
(3

0.
8)

30
 5

76
 

(1
1.

2)
92

 3
84

 (7
3.

7)
16

3.
3

86
 0

82
 

(2
4.

2)
36

 8
78

 
(8

5.
3)

15
5.

4
11

8 
55

2 
(3

0.
3)

44
08

 
(5

8.
4)

59
.1

10
7 

07
2 

(2
8.

2)
15

 8
88

 
(7

9.
3)

11
9.

4

A
F 

in
d

ic
at

es
 a

tr
ia

l f
ib

ril
la

tio
n;

 A
TR

IA
, 

an
em

ia
, 

se
ve

re
 r

en
al

 d
is

ea
se

 (
eg

, 
d

ia
ly

si
s)

, 
ag

e 
≥7

5 
ye

ar
s,

 p
rio

r 
b

le
ed

in
g,

 a
nd

 h
yp

er
te

ns
io

n;
 C

A
B

G
, 

co
ro

na
ry

 a
rt

er
y 

by
pa

ss
 g

ra
ft

in
g;

 C
H

A
2D

S
2-

 VA
S

c 
co

ng
es

tiv
e 

he
ar

t 
fa

ilu
re

, 
hy

p
er

te
ns

io
n,

 a
ge

 ≥
75

 (
d

ou
b

le
d

), 
d

ia
b

et
es

, 
st

ro
ke

 (
d

ou
b

le
d

), 
va

sc
ul

ar
 d

is
ea

se
, 

ag
e 

65
 t

o 
74

 a
nd

 s
ex

 c
at

eg
or

y 
(fe

m
al

e)
; 

C
O

P
D

, 
ch

ro
ni

c 
ob

st
ru

ct
iv

e 
p

ul
m

on
ar

y 
d

is
ea

se
; 

G
B

, 
ga

st
ro

in
te

st
in

al
 b

le
ed

in
g;

 H
A

S
- B

LE
D

, 
un

co
nt

ro
lle

d 
hy

p
er

te
ns

io
n 

(s
ys

to
lic

 b
lo

od
 p

re
ss

ur
e 

>1
60

 m
m

 H
g)

, a
b

no
rm

al
 k

id
ne

y 
(d

ia
ly

si
s 

or
 t

ra
ns

p
la

nt
)/

liv
er

 fu
nc

tio
n 

(ie
, c

irr
ho

si
s)

, p
re

vi
ou

s 
st

ro
ke

, b
le

ed
in

g 
hi

st
or

y 
or

 p
re

d
is

p
os

iti
on

, e
ld

er
ly

 a
ge

 (≥
65

 y
ea

rs
), 

an
d 

d
ru

g 
(a

nt
ip

la
te

le
t, 

no
ns

te
ro

id
al

 a
nt

i- i
nf

la
m

m
at

or
y 

d
ru

gs
)/a

lc
oh

ol
 a

b
us

e;
 IC

H
, i

nt
ra

cr
an

ia
l h

em
or

rh
ag

e;
 O

R
B

IT
, o

ld
er

 a
ge

 ≥
75

 y
ea

rs
, a

ne
m

ia
, b

le
ed

in
g 

hi
st

or
y,

 c
hr

on
ic

 k
id

ne
y 

d
is

ea
se

, a
nd

 tr
ea

tm
en

t w
ith

 a
nt

ip
la

te
le

t d
ru

gs
; a

nd
 

P
C

I, 
p

er
cu

ta
ne

ou
s 

co
ro

na
ry

 in
te

rv
en

tio
n.

Ta
b

le
 1

. 
(C

o
n

ti
n

u
e

d
)

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 13, 2022



J Am Heart Assoc. 2022;11:e026388. DOI: 10.1161/JAHA.121.026388 6

Pastori et al Bleeding Risk in Atrial Fibrillation and Cancer

computing the sensitivity and specificity using each 
value of the rating variable as a possible cut point (the 
cutoffs of HAS- BLED score ≥3 [versus <3], ATRIA 
score ≥5 [versus <5], and ORBIT score ≥4 [versus <4] 
were used on the basis of the original derivation work 

of each score). The ROC curves were then compared 
using the DeLong test.

Decision- curve analysis was used to quantify the 
clinical usefulness of the prediction models according 
to previously reported methods.25,26

Figure 1. Incidence rates (and 95% CIs) of any bleeding (left top panel), major bleeding (right top panel), GI bleeding (right 
lower panel), and ICH (left lower panel), according to the cancer site. GI indicates gastrointestinal; and ICH, intracranial 
hemorrhage.
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Table 2. Univariable Cox Regression Analysis for HAS- BLED, ATRIA, and ORBIT Scores for Bleeding Outcomes in Patients 
With AF and Cancer

Variable

Hazard ratio (95% CI)

Any bleeding Major bleeding ICH GB

HAS- BLED score (for each point) 1.82 (1.81– 1.83) 1.98 (1.97– 2.00) 1.78 (1.75– 1.82) 1.84 (1.82– 1.86)

HAS- BLED score ≥3 (vs <3) 5.00 (4.93– 5.08) 6.58 (6.39– 6.77) 5.80 (5.42– 6.22) 5.74 (5.50– 5.98)

ATRIA score (for each point) 1.25 (1.25– 1.26) 1.37 (1.37– 1.38) 1.13 (1.12– 1.14) 1.28 (1.27– 1.28)

ATRIA score ≥5 (vs <5) 2.88 (2.84– 2.91) 5.37 (5.24– 5.51) 1.47 (1.40– 1.54) 3.62 (3.50– 3.74)

ORBIT score (for each point) 1.86 (1.85– 1.86) 2.15 (2.14– 2.17) 1.47 (1.45– 1.49) 1.86 (1.84– 1.88)

ORBIT score ≥4 (vs <4) 6.70 (6.62– 6.79) 13.33 (12.98– 13.69) 2.58 (2.46– 2.70) 7.45 (7.20– 7.71)

AF indicates atrial fibrillation; ATRIA, anemia, severe renal disease (eg, dialysis), age ≥75 years, prior bleeding, and hypertension; GB, gastrointestinal bleeding; 
HAS- BLED, uncontrolled hypertension (systolic blood pressure >160 mm Hg), abnormal kidney (dialysis or transplant)/liver function (ie, cirrhosis), previous 
stroke, bleeding history or predisposition, elderly age (≥65 years), and drug (antiplatelet, nonsteroidal anti- inflammatory drugs)/alcohol abuse; ICH, intracranial 
hemorrhage; and ORBIT, older age ≥75 years, anemia, bleeding history, chronic kidney disease, and treatment with antiplatelet drugs.
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In all analyses, P values are 2 sided, and P<0.05 
was considered statistically significant. All analyses 
were performed using SAS Enterprise Guide 7.1 (SAS 
Institute Inc, Cary, NC) and STATA 16.0 (Stata Corp, 
College Station, TX).

RESULTS
Characteristics of the Study Population
Mean age was 77.9±10.2 years, and 63.2% were men. 
Clinical characteristics of the study cohort are reported 
in Table 1.

Overall, 43 257 patients had an MB event: of these, 
there were 7544 ICH events and 20 025 GB events 
(Table 1). Table 1 shows clinical characteristics of patients 
who experienced a bleeding event. Patients with bleeding 
of any type were more commonly men, had hypertension, 
had diabetes, and had abnormal renal function (Table 1). 
Patients with ICH were older than those without, whereas 
those with MB or GB tended to be younger compared 
with patients without bleeding. The prevalence of heart 
failure, liver disease, and anemia was higher in patients 
with MB and GB but lower in the ICH group.

In a random sample of 26 046 patients from the 
Echantillon Généraliste de Bénéficiaires, 8987 (34.0%) 
were treated with vitamin K antagonists, and 5115 
(19.4%) were treated with a direct oral anticoagulant 
(Table S2). Patients with AF and cancer had a lower 
use of anticoagulant drugs compared with those with-
out (22.5% versus 36.1% [P<0.0001] for vitamin K an-
tagonists; 14.5% versus 20.2% [P<0.0001] for direct 
oral anticoagulants).

Modifiable Bleeding Risk Factors
Patients with ICH had a lower prevalence of almost all 
modifiable risk factors, including obesity, alcohol, ane-
mia, and denutrition (Table 1). Conversely, patients with 
MB and GB had a higher prevalence of dyslipidemia, 
obesity, alcohol use, sleep apnea, and anemia (Table 1). 

Patients with GB had a lower prevalence of smoking and 
denutrition than those who did not bleed (Table 1).

Incidence of Bleeding According to 
Cancer Location
During a mean follow- up of 2.0 years, the IR of any 
bleeding was 25.60%/year, MB was 8.41%/year, GB 
was 3.61%/year, and ICH was 1.33%/year. Figure 1 left 
top panel shows the IR for any bleeding according to 
cancer site (numbers are reported in Table S3); can-
cers at highest risk were liver (44.64%/year), pancreas 
(41.3%/year), bladder (40.78%/year), gastric (40.69%/
year), and metastatic (40.24%/year).

MB (Figure 1 right top panel) was more frequent in 
liver (12.68%/year), leukemia (12.39%/year), pancreas 
(11.71%/year), bladder (11.67%/year), and myeloma 
(11.64%/year). The highest IR of ICH (Figure 1 left lower 
panel) was found in leukemia (1.89%/year), myeloma 
(1.52%/year), lymphoma and liver (1.45%/year), and 
pancreas cancer (1.41%/year). The IR of GB (Figure 1 
right lower panel) was highest in liver (7.54%/year), pan-
creas (7.42%/year), and gastric (5.51%/year) cancer.

Performance of Bleeding Risk Scores
All 3 bleeding risk scores were higher in patients ex-
periencing a bleeding event (Table  1). Although the 
proportion of patients categorized as “high risk” was 
similar for the 3 scores for MB, this figure was signifi-
cantly higher for the HAS- BLED score in patients with 
ICH (87.9% compared with 59.0% for ATRIA and 58.4% 
for ORBIT) and GB (87.3% compared with 77.4% for 
ATRIA and 79.3% for ORBIT) (Table 1).

Intracranial Hemorrhage
The high- risk HAS- BLED score category had the 
strongest association with ICH (HR, 5.803) when com-
pared with both ATRIA and ORBIT scores (Table  2). 
ROC curve analysis confirmed that HAS- BLED score 

Table 3. ROC Curves for Different Outcomes in Patients With AF and Cancer

Area under the curve (95% CI)

Variable Any bleeding Major bleeding ICH GB

HAS- BLED score (continuous) 0.809 (0.808– 0.810) 0.774 (0.772– 0.776) 0.744 (0.740– 0.748) 0.752 (0.749– 0.755)

HAS- BLED score ≥3 0.753 (0.751– 0.754) 0.716 (0.714– 0.718) 0.698 (0.694– 0.702) 0.702 (0.699– 0.704)

ATRIA score (continuous) 0.768 (0.766– 0.769) 0.777 (0.774– 0.779) 0.635 (0.629– 0.641) 0.728 (0.725– 0.731)

ATRIA score ≥5 0.678 (0.676– 0.680) 0.700 (0.698– 0.702) 0.563 (0.557– 0.568) 0.662 (0.659– 0.665)

ORBIT score (continuous) 0.918 (0.917– 0.918) 0.870 (0.869– 0.871) 0.742 (0.738– 0.745) 0.825 (0.822– 0.827)

ORBIT score ≥4 0.813 (0.811– 0.814) 0.805 (0.804– 0.807) 0.641 (0.635– 0.646) 0.756 (0.753– 0.758)

AF indicates atrial fibrillation; ATRIA, anemia, severe renal disease (eg, dialysis), age ≥75 years, prior bleeding, and hypertension; GB, gastrointestinal 
bleeding; HAS- BLED, uncontrolled hypertension (systolic blood pressure >160 mm Hg), abnormal kidney (dialysis or transplant)/liver function (ie, cirrhosis), 
previous stroke, bleeding history or predisposition, elderly age (≥65 years), and drug (antiplatelet, nonsteroidal anti- inflammatory drugs)/alcohol abuse; ICH, 
intracranial hemorrhage; ORBIT, older age ≥75 years, anemia, bleeding history, chronic kidney disease, and treatment with antiplatelet drugs; and ROC, receiver 
operating characteristic.
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had the highest predictive value (AUC, 0.698) (Table 3). 
Comparison of AUCs confirmed a better predic-
tive value of the HAS- BLED score over the ORBIT 
and ATRIA scores (P<0.0001 for all comparisons) 
(Table 4). We then investigated the association of HAS- 
BLED score with ICH, according to each cancer type 
(Table 5). The AUC for the HAS- BLED was generally 
good and >0.70 in all cancer types for continuous val-
ues, whereas it was slightly lower when we used high- 
risk categorization (HAS- BLED ≥3) for liver, bladder, 
and renal cancers (Table 5).

Major Bleeding
The ORBIT score showed the strongest association 
with MB, with an HR of 13.326 for the high- risk group, 
followed by HAS- BLED and ATRIA (Table 2). After the 
ORBIT, HAS- BLED score had the second highest HR 
of 6.575 (Table 2). ROC curve analysis showed that all 
3 scores had good predictive values (AUC, >0.7), with 
the highest AUC for the high- risk ORBIT score cate-
gory (AUC, 0.805) (Table 3). Comparison of AUCs for 
bleeding risk scores showed a stepwise improvement 
in performance when ATRIA was compared with HAS- 
BLED, and then ORBIT (Table 4).

Gastrointestinal Bleeding
HAS- BLED and ORBIT scores showed a similar associ-
ation with GB and were analyzed as continuous values, 
but the high- risk ORBIT score category was strongly as-
sociated with GB (Table 2). ROC curve analysis showed 
that all 3 scores had good predictive values (AUC, >0.7), 
with high- risk ORBIT score having the highest predictive 
value (AUC, 0.756) (Table 3). Comparison of AUCs for 
bleeding risk scores showed a stepwise improvement 
in performance when ATRIA was compared with HAS- 
BLED, and then ORBIT (Table 4).

Any Bleeding
All 3 scores were associated with the “any bleed-
ing” outcome, for each point and when categorized 
as “high risk” (Table  2). ROC curve analysis showed 
that HAS- BLED and ORBIT scores had good predic-
tive values (AUC, >0.7) (Table 3). Comparison of AUCs 
for bleeding risk scores showed a stepwise improve-
ment in performance when ATRIA was compared with 
HAS- BLED, and then ORBIT (Table 4). Decision- curve 
analysis (Figure 2) showed an overall clinical benefit of 
using ORBIT score for the prediction of any bleeding.

DISCUSSION
This is the first large cohort study investigating the in-
cidence of different bleeding complications in a large 
sample of patients with AF and cancer, according to Ta
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cancer location. We also tested in this high- risk group 
of patients the performance of 3 bleeding risk scores 
commonly used in the population with AF. We found 
that the risks of MB, GB, and ICH were considerably 
increased in some types of cancers, despite a lower 
use of anticoagulant drugs. We also found that the 
predictive value of the HAS- BLED, ORBIT, and ATRIA 
scores varied according to the outcome considered.

The analysis of clinical characteristics of patients 
with AF and cancer showed some important differ-
ences according to the type of bleeding. Indeed, 
bleeding rates varied by cancer type, which implies 
that cancer is not a yes/no diagnosis (or statistical ad-
justment in some studies)10,11,27 when determining the 
potential for serious bleeding during clinical evaluation 
or risk prediction. Also, although patients with MB and 
GB shared some clinical features, such as a high prev-
alence of heart failure, liver disease, and anemia and a 
relatively younger age, these factors were conversely 
less prevalent in those experiencing ICH, who were 
also older than patients without ICH. In particular, pa-
tients with ICH had a lower prevalence of modifiable 
risk factors, implying that bleeding risk in these pa-
tients is more difficult to address and may be driven 
by other factors, such as cerebral amyloid angiopathy, 
moyamoya disease, and coagulopathies.

The rate of ICH, which is the most serious and dis-
abling bleeding complication in patients with AF, re-
ported in the present study is remarkably higher than 
that previously observed in patients with AF and with-
out cancer. Thus, in the ROCKET- AF (Rivaroxaban 

Once Daily, Oral, Direct Factor Xa Inhibition Compared 
With Vitamin K Antagonism for Prevention of Stroke 
and Embolism Trial in Atrial Fibrillation), the rate of 
ICH was 0.67%/year.28 Similarly, in the warfarin arm 
of the RE- LY (Randomized Evaluation of Long- Term 
Anticoagulant Therapy) trial, the rate of ICH was 
0.76%/year and was reduced to 0.22%/year in pa-
tients on dabigatran.29 This incidence was a bit higher 
in a real- world study, reaching 0.8%/year.30 In our 
study, we found that the risk of ICH exceeded >1%/
year in several types of cancers, with those at high-
est risk (>1.4%/year) having leukemia, myeloma, renal, 
lymphoma, liver, and pancreas cancers. The choice 
of using or not using oral anticoagulation in these pa-
tients should be carefully evaluated as it may not give 
a clear benefit compared with the risk of bleeding and 
bleeding- related complications.

The analysis of the incidence of non- ICH bleed-
ing according to the cancer location identified some 
types of cancer showing a disproportionally high risk 
of bleeding. Above all, liver cancer was associated 
with an increased risk of any bleeding, MB, and GB, 
followed by pancreas, bladder, gastric, and hemato-
logical cancers. The risk of bleeding in these cancers 
even exceeded that observed in the pooled group of 
metastatic cancers of any origin. Conversely, breast 
and lung cancer showed the lowest risk of MB and 
GB. This finding, weighted with an increased risk of 
ischemic stroke in patients with breast9 (IR, 2.6%/year) 
and lung cancer,31 may warrant the need for anticoag-
ulant therapy in these patients.

Table 5. C- Statistics for HAS- BLED Score Against ICH, According to Each Cancer Type

Type of cancer No. of patients (descending order)

C- statistic (95% CI) for ICH

HAS- BLED score continuous HAS- BLED score ≥3

All cancers 399 344 0.74 (0.74– 0.75) 0.70 (0.69– 0.70)

Metastatic cancer 97 606 0.75 (0.73– 0.76) 0.71 (0.69– 0.72)

Prostatic cancer 62 710 0.72 (0.71– 0.73) 0.67 (0.67– 0.68)

Colorectal cancer 54 755 0.74 (0.73– 0.75) 0.69 (0.68– 0.70)

Lung cancer 49 737 0.75 (0.73– 0.76) 0.70 (0.68– 0.72)

Breast cancer 38 699 0.80 (0.79– 0.81) 0.75 (0.74– 0.76)

Bladder cancer 32 342 0.69 (0.67– 0.71) 0.64 (0.63– 0.65)

Leukemia 19 148 0.70 (0.68– 0.72) 0.66 (0.65– 0.68)

Lymphoma 17 986 0.74 (0.72– 0.76) 0.71 (0.69– 0.72)

Renal cancer 13 294 0.71 (0.68– 0.74) 0.64 (0.63– 0.66)

Myeloma 13 081 0.71 (0.69– 0.74) 0.67 (0.64– 0.69)

Liver cancer 9261 0.69 (0.65– 0.73) 0.61 (0.59– 0.63)

Gastric cancer 8470 0.75 (0.71– 0.79) 0.70 (0.67– 0.74)

Pancreas cancer 8409 0.78 (0.75– 0.82) 0.74 (0.71– 0.77)

Uterine cancer 7670 0.74 (0.70– 0.78) 0.69 (0.66– 0.72)

Ovarian cancer 4494 0.79 (0.73– 0.84) 0.73 (0.68– 0.78)

HAS- BLED indicates uncontrolled hypertension (systolic blood pressure >160 mm Hg), abnormal kidney (dialysis or transplant)/liver function (ie, cirrhosis), 
previous stroke, bleeding history or predisposition, elderly age (≥65 years), and drug (antiplatelet, nonsteroidal anti- inflammatory drugs)/alcohol abuse; and ICH, 
intracranial hemorrhage.
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Another novel finding of our study relies on the in-
vestigation of the predictive value of 3 commonly used 
bleeding risk scores, such as the HAS- BLED, ORBIT, 
and ATRIA scores, in patients with AF and cancer. 
Despite recent guidelines that suggested a risk factor– 
based approach to the evaluation of bleeding risk in 
the population with AF, mainly aimed at identifying 
modifiable risk factors,32 the use of scores may be 
helpful for the rapid identification of patients at higher 
bleeding risk, but more important, to address modifi-
able bleeding risk factors for mitigation, as well as to 
flag up patients with high bleeding risk for early review 
and follow- up.33 In this context, we found that a high 
proportion of patients with AF and cancer are classi-
fied at high risk of bleeding according to risk scores: 
49.0% with the HAS- BLED, 46.7% with the ATRIA, and 
30.8% with the ORBIT. These figures are much higher 
compared with patients with AF and no cancer, such 
as 36%, 14%, and 7%, for the 3 scores, respectively, in 
a large cohort of patients with similar age and clinical 

characteristics.34 In particular, the HAS- BLED score 
categorized more patients as high risk, especially for 
ICH, compared with ORBIT and ATRIA scores, which 
is in keeping with a previous report in patients without 
cancer.35 This finding suggests an increased bleeding 
risk conferred by the presence of cancer.

All the 3 scores showed a modest predictive value 
for ICH, with C indexes of nearly 0.70. Among all, the 
HAS- BLED score performed better than others for 
ICH prediction (the principal and most serious bleed-
ing outcome), whereas the ATRIA score showed un-
satisfactory discriminative value. Of note, the AUC 
of the HAS- BLED score was 0.698, which is higher 
than that reported in noncancer patients with AF (C 
index, 0.64).34,35 When analyzed according to cancer 
type, the HAS- BLED score had broadly similar pre-
dictive value for ICH (≈0.7). The association between 
HAS- BLED score and ICH overall is in keeping with a 
previous study in noncancer patients with AF from the 
AMADEUS (Evaluating the Use of SR34006 Compared 

Figure 2. Performances of scores in predicting bleeding events with decision- curve analysis: net number of true positives 
gained using different models compared with no model at a range of threshold probabilities.
Right top panel: any bleeding; left top panel: major bleeding; right lower panel: gastrointestinal bleeding; left lower panel: intracranial 
hemorrhage. ATRIA indicates anemia, severe renal disease (eg, dialysis), age ≥75 years, prior bleeding, and hypertension; HAS- 
BLED, uncontrolled hypertension (systolic blood pressure >160 mm Hg), abnormal kidney (dialysis or transplant)/liver function (ie, 
cirrhosis), previous stroke, bleeding history or predisposition, elderly age (≥65 years), and drug (antiplatelet, nonsteroidal anti- 
inflammatory drugs)/alcohol abuse; and ORBIT, older age ≥75 years, anemia, bleeding history, chronic kidney disease, and treatment 
with antiplatelet drugs.
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to Warfarin or Acenocoumarol in Patients With Atrial 
Fibrillation) trial that showed a C- index of 0.75.17 For 
non- ICH bleeding events, the ORBIT score showed 
the best predictivity for MB and GB (C indexes of 
0.805 and 0.756, respectively). These statistical differ-
ences need to be put into clinical and practical per-
spectives, whereby bleeding risk scores need to first 
address modifiable bleeding risk factors (and some 
[eg, ORBIT score] have mostly nonmodifiable bleeding 
risks and are poorly calibrated18); and second, to flag 
up patients with high bleeding risk for early review and 
follow- up. This appropriate use of bleeding risk scores 
is evidence based, being associated with lower MB at 
1 year, and an increase in oral anticoagulation uptake 
in a prospective trial.36

A comprehensive strategy to stratify bleeding risk in 
patients with AF and cancer may rely on the use of dif-
ferent bleeding risk scores, according to the outcome 
of interest and based on cancer location. Indeed, the 
use of the HAS- BLED score may turn useful for as-
sessing ICH bleeding risk, but the ORBIT score has 
better predictive value for MB.

Limitations
Limitations of this study include the lack of data on 
anticoagulant therapy, which affects the risk of bleed-
ing. In particular, anticoagulation could be an important 
confounder given that it is associated with both the 
exposure variables (the bleeding risk scores) and the 
outcome (bleeding). Indeed, patients with AF with high 
bleeding risk according to clinical scores may be less 
likely prescribed anticoagulation agents after the diagno-
sis of cancer. However, baseline data provided by most 
“real- life” studies and registries do not reflect changes 
of anticoagulant treatment occurring during follow- up, 
thus providing inconsistent associations. Data from the 
Medicare database showed that up to 30% of patients 
with AF have their anticoagulant drug discontinued after 
the diagnosis of cancer37 for several reasons, including 
surgery, radiotherapy, and chemotherapy. Thus, data 
from the subgroup of patients showed that <40% of pa-
tients were taking oral anticoagulants, confirming previ-
ous findings showing that cancer is a major reason for 
underprescription of anticoagulation in patients with AF, 
who are often left untreated.38

Also, data on antineoplastic drugs, which may in-
crease the risk of bleeding interacting with oral antico-
agulants, may help to understand the risk of bleeding 
in these patients. We also do not have data on surgery 
that may increase the risk of bleeding.

A limitation of the study relies on its retrospective 
design with its intrinsic potential biases. However, it 
was also based on administrative data obtained and 
manually filled by physicians and administrators, and 
coding is linked to reimbursement and is regularly 

checked, therefore ensuring a good quality of data. 
The observational design of the analysis leaves a risk 
of residual confounding factors. However, the large 
sample of the study population is likely to be repre-
sentative of the general French population. Finally, a 
proportion of asymptomatic patients with AF may not 
have been detected.

In conclusion, patients with AF and cancer represent 
a group of patients at high risk of bleeding in whom the 
clinical management should balance thrombotic and 
bleeding risk. Different types of cancer confer differ-
ent risks of bleeding, and the ability to identify those at 
particularly high risk of ICH may help clinicians in the 
choice of the most appropriate therapeutic strategy.
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Table S1. International Classification of Disease 10 (ICD-10) codes 

Comorbidity or medical history  Existing diagnoses  
AF management care  I48  
AF symptoms  

Tachycardia  R000  
Chest pain  R072, R073, R074  
Palpitations  R002  

Strokes  
Ischaemic stroke  I63, I66, I67  
Stroke, unspecified  I64  
Haemorrhagic stroke  I60–I62, I69  

Transient ischaemic attack G45  
Systemic embolism  I74.2–I74.9  
Haemorrhages  

Gastro-intestinal bleeding I850, I983, K226, K250-2-4-6, K260-2-4-6,  K270-2-4-6, K280-2-4-
6, K290, K625, K920-K922 

Haemorrhagic stroke I610-I616, I618, I619, I629 
Other haemorrhages and acute 
anemia post-haemorrhage  

I85.0, I98.3, K62.5, K92.2, D62 

Intracranial bleeding I60-I62, S064-S066 
Other bleeding D62 , D683, D698, D699, H113, H922, J942, K661, K762, R040-

R042, R048, R049, R58 , S271, T792 
Other critical organ or site 
bleeding 

H313, H356, H431, H450, I230, I312, I600-I609, I620, I621, M250, 
S064-S066, S260 

Blood Transfusion Z513 
Urogenital bleeding N020-N029, N421, N920-N924, N930, N938, N939, N950, R31  

Ischaemic heart disease  I20–I25  
Heart failure  I50, I110, I130, I132, I131, I139  

Including dyspnoea  R060  
Cardiac dysrhythmia  I47, I490–I493  
Abnormal cardiac conduction  I44, I45, I494, I495, Z450, Z950  
Valvular disease  I05–I091, I33–I39, Q22, Q23  
Mitral stenosis  I342, I050, I052, Q232  
Hypertension  I10–I15  
Diabetes mellitus  E10–E14  
Vascular diseases  

Myocardial infarction  I21, I252  
Peripheral arterial disease  I70–I73  
Occlusions  I65, I77  

Obesity  E65–E66  
Abnormal renal function  N17–N19 (+N28) codes for renal insufficiency, transplantation 

(Z940, T861) and dialysis (Z49, Z992), E102, I12, I13  
Liver disease  K70–K77, procedures for liver transplantation or resection 
Dyslipidaemia  E78  
Thyroid disease  E00–E07  
Anaemia  D50–D64  
Platelet or coagulation defect  D65–D69  
Lung disease  J40–J70, J961  

Including emphysema and 
chronic obstructive pulmonary 
disease  

J43, J44  

Alcohol-related diagnoses  E244, F10, G312, G621, G721, I426, K292, K70, K860, O354, P043, 
Q860, T51, Y90, Y91, Z502, Z714  
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Dementia  F00–F03  
Accidental falls  W00–W19, R26  
Cancer within preceding 5 years  Entire C-series  
Inflammatory diseases  M05–M14, M45, M46, K50–K52, K81, K85  
Digestive conditions  Entire K-series  
Rheumatology  Entire M-series  
Ophthalmology  Entire H-series  
Pulmonology  Entire J-series  
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Table S2. Rate of medication at discharge for AF patients with cancer or no cancer. Data from the 
Echantillon Généraliste des Bénéficiaires, EGB (general sample of healthcare beneficiaries) 

 
Cancer No Cancer p value All patients  
n= 3,977 n= 22,429 

 
n= 26,406 

Age, years  75.0 ± 10.6  75.4 ± 12.4 0.0253  75.4 ± 12.2 
Men, n (%)  2,507 (63.0%)  11,316 (50.5%) <0.0001  13,823 (52.3%) 

ACE inhibitor or ARB  1,171 (29.4%)  9,753 (43.5%) <0.0001  10,924 (41.4%) 
Beta-blocker  1,371 (34.5%)  10,349 (46.1%) <0.0001  11,720 (44.4%) 
Diuretic  1,197 (30.1%)  8,873 (39.6%) <0.0001  10,070 (38.1%) 
K-sparing diuretics  176 (4.4%)  1,496 (6.7%) <0.0001  1,672 (6.3%) 
Calcium channel blocker  604 (15.2%)  4,044 (18.0%) <0.0001  4,648 (17.6%) 
Digoxin  229 (5.8%)  1,838 (8.2%) <0.0001  2,067 (7.8%) 
Antiarrhythmic agents  966 (24.3%)  7,110 (31.7%) <0.0001  8,076 (30.6%) 
Amiodarone  759 (19.1%)  5,513 (24.6%) <0.0001  6,272 (23.8%) 
Vitamin K antagonist  896 (22.5%)  8,091 (36.1%) <0.0001  8,987 (34.0%) 
Direct oral anticoagulant  578 (14.5%)  4,537 (20.2%) <0.0001  5,115 (19.4%) 

Dabigatran  84 (2.1%)  811 (3.6%) <0.0001  895 (3.4%) 
Rivaroxaban  219 (5.5%)  1,960 (8.7%) <0.0001  2,179 (8.3%) 

Apixaban  282 (7.1%)  1,828 (8.2%) 0.0232  2,110 (8.0%) 
Aspirin  749 (18.8%)  5,314 (23.7%) <0.0001  6,063 (23.0%) 
P2Y12 inhibitor  179 (4.5%)  1,473 (6.6%) <0.0001  1,652 (6.3%) 

Use of medication was identified in a 1/97 permanent random sample from the French nationwide 
claims database (Echantillon Généraliste de Bénéficiaires, EGB) with ICD-10 code of AF (I48). 
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Table S3. Incidence rates of different bleeding types according to cancer site 

  Any bleeding Gastrointestinal bleeding Major bleeding ICH 

Cancer overall 25.60 (25.46-25.75) 3.61 (3.56-3.67) 8.41 (8.33-8.49) 1.33 (1.30-1.36) 

Breast  16.05 (15.71-16.40) 2.67 (2.53-2.80) 5.53 (5.33-5.73) 1.30 (1.21-1.40) 

Ovarian  29.39 (27.84-31.02) 3.67 (3.18-4.23) 8.63 (7.82-9.52) 0.87 (0.65-1.16) 

Uterine  38.25 (36.96-39.59) 3.80 (3.43-4.21) 8.97 (8.37-9.61) 1.05 (0.87-1.27) 

Prostatic  27.29 (26.94-27.65) 3.96 (3.83-4.08) 9.12 (8.93-9.32) 1.37 (1.30-1.45) 

Renal  31.14 (30.31-32.00) 3.49 (3.24-3.77) 9.58 (9.13-10.05) 1.48 (1.32-1.66) 

Bladder  40.78 (40.16-41.40) 3.45 (3.29-3.62) 11.67 (11.36-11.99) 1.21 (1.12-1.31) 

Gastric  40.69 (39.35-42.08) 5.51 (5.06-6.00) 11.01 (10.33-11.73) 0.91 (0.74-1.12) 

Colorectal  27.36 (26.99-27.73) 3.92 (3.79-4.06) 8.35 (8.15-8.56) 1.10 (1.03-1.17) 

Liver  44.64 (43.13-46.19) 7.53 (6.96-8.15) 12.68 (11.90-13.51) 1.45 (1.22-1.73) 

Pancreas  41.30 (39.65-43.01) 7.42 (6.78-8.12) 11.71 (10.87-12.63) 1.41 (1.15-1.73) 

Lung  32.78 (32.23-33.34) 3.22 (3.06-3.39) 8.17 (7.91-8.45) 0.98 (0.89-1.08) 

Lymphoma 23.30 (22.67-23.94) 3.35 (3.13-3.58) 8.72 (8.35-9.11) 1.45 (1.31-1.61) 

Leukaemia 31.01 (30.26-31.79) 4.05 (3.80-4.31) 12.39 (11.93-12.88) 1.89 (1.72-2.07) 

Myeloma 27.60 (26.76-28.45) 4.00 (3.71-4.31) 11.64 (11.11-12.19) 1.52 (1.35-1.71) 

Metastatic  40.24 (39.78-40.71) 4.58 (4.43-4.73) 10.38 (10.15-10.61) 1.33 (1.25-1.41) 
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