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Abstract
Introduction Nintedanib, a tyrosine kinase receptor inhibitor, may be associated with increased bleeding risk. Thus, patients 
with an inherited predisposition to bleeding, or those receiving therapeutic doses of anticoagulants or high-dose antiplatelet 
therapy, have been excluded from clinical trials of nintedanib in idiopathic pulmonary fibrosis (IPF).
Objective Our objective was to examine real-world bleeding events in patients with IPF treated with antifibrotics, including 
those receiving anticoagulants and/or antiplatelet therapy.
Methods The European MultiPartner IPF Registry (EMPIRE) enrolled 2794 patients with IPF: group A (1828: no antico-
agulant or antiplatelet treatment), group B (227: anticoagulant treatment), group C (659: antiplatelet treatment), and group D 
(80: anticoagulant and antiplatelet treatment). Overall, 673 (24.1%) received nintedanib and 933 (33.4%) received pirfenidone. 
Bleeding events and their relationship to antifibrotic and anticoagulation treatment were characterized.
Results Group A patients, versus those in groups B, C, and D, were typically younger and generally had the lowest comor-
bidity rates. A higher proportion of patients in groups A and C, versus group B, received nintedanib. Pirfenidone, most 
common in group D, was more evenly balanced across groups. In patients with reported bleeding events, seven of eight 
received nintedanib (groups A, C, and D). Bleeding incidence was 3.0, 0, 1.3, and 18.1 per 10,000 patient-years (groups A, 
B, C, and D, respectively).
Conclusion Real-world data from EMPIRE showed that patients on anticoagulant medications received nintedanib less 
frequently, perhaps based on its mechanism of action. Overall, bleeding incidence was low (0.29%: nintedanib 0.25%; pir-
fenidone 0.04%) and irrespective of anticoagulant or antiplatelet therapy received (P = 0.072).
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Key Points 

Nintedanib, a therapy used to treat patients with idio-
pathic pulmonary fibrosis (IPF), may increase the risk of 
bleeding, potentially because of its mechanism of action.

Analysis from EMPIRE, a real-world database of 
patients with IPF, found that nintedanib, compared with 
pirfenidone, was received less frequently in patients 
being treated with anticoagulant medications.

Overall, the incidence of bleeding in patients with IPF 
was low (0.29%).
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Patients with IPF included in EMPIRE were diagnosed 
according to the American Thoracic Society/European Res-
piratory Society (ATS/ERS) consensus classification [1].

Patients in this analysis were allocated to one of four 
groups according to the anticoagulant and/or antiplatelet 
therapy they had received during the observation period: 
Group A comprised patients without any anticoagulant or 
antiplatelet treatment; patients in groups B and C received 
either anticoagulant treatment only or antiplatelet drug(s) 
only (e.g., aspirin, clopidogrel), respectively; and patients in 
group D received both anticoagulant and antiplatelet therapy 
(Fig. 1).

Patient baseline demographics, including age, gender, 
and physiology (GAP) score; smoking history; symptoms; 
comorbidities; detailed lung function values (forced vital 
capacity [FVC], forced expiratory volume in 1 s  [FEV1], 
total lung capacity, diffusing capacity of the lung for carbon 
monoxide  [DLCO]), and high-resolution computed tomog-
raphy (HRCT) pattern were analyzed. Body mass index and 
6-Minute Walk Test (6MWT) results were also analyzed. 
Additionally, the number of patients in the respective groups 
were provided according to country.

All adverse events (AEs) were investigated and recorded 
per the Common Terminology Criteria for Adverse Events, 
with particular focus on bleeding events occurring in 
patients treated with concomitant antifibrotic therapies. The 
occurrence of bleeding events and the incidence of bleeding 
during antifibrotic treatment for A–D subgroups of patients 
were described.

65.4%
8.1%

23.6%

2.9%

Group B (N = 227); anticoagulant treatment only

Group C (N = 659); antiplatelet treatment only (aspirin)

Group D (N = 80); anticoagulant and antiplatelet treatment

Group A (N = 1,828); no anticoagulant or antiplatelet treatment

Fig. 1  Definition of treatment group according to anticoagulant and 
antiplatelet treatment. Treatment was defined as at any time (time of 
inclusion and/or during follow-up)

1 Introduction

Idiopathic pulmonary fibrosis (IPF) is a rare, chronic, 
progressive, fibrosing interstitial pneumonia of unknown 
cause that primarily affects older adults and has a poor 
prognosis [1–3]. Nintedanib and pirfenidone are both 
approved for the treatment of IPF [4–7]. Pirfenidone is an 
orally active small molecule that attenuates the progres-
sion of fibrosis and loss of lung function in IPF via its 
antifibrotic and anti-inflammatory properties, although the 
exact mechanism of action is unknown [8–11]. Nintedanib, 
a tyrosine kinase inhibitor, has also been shown to reduce 
the rate of lung function decline in patients with IPF [12] 
and acts to potently block vascular endothelial growth fac-
tor receptors (VEGFRs), platelet-derived growth factor 
receptors (PDGFRs), and fibroblast growth factor receptor 
kinase activity [13, 14]. Based on evidence from preclini-
cal models, nintedanib has a role in impeding the initia-
tion and progression of lung fibrosis, inhibiting the release 
of mediators of inflammation and fibrosis, as well as the 
proliferation and transformation of human lung fibroblasts, 
and reducing extracellular matrix deposition [14, 15].

Since nintedanib inhibits VEGFR and PDGFR, there 
is the potential for vascular dysfunction and an increased 
risk of bleeding [4, 5, 16, 17]. The risk of bleeding in 
patients with IPF treated with nintedanib and anticoagu-
lants and/or antiplatelet drugs is currently unknown, as 
patients on anticoagulant or high-dose antiplatelet treat-
ment were excluded from the two randomized, phase III 
INPULSIS clinical trials (nintedanib treatment in patients 
with IPF) (ClinicalTrials.gov identifiers: NCT01335464 
and NCT01335477) [18].

As safety is of paramount importance, and to avoid 
refusal of nintedanib treatment for patients with IPF 
receiving anticoagulant treatment without evidence, the 
aim of our study was to assess the frequency of bleeding 
events in a real-world IPF setting.

2  Patient Selection and Methods

2.1  Study Design and Participants

The European MultiPartner IPF Registry (EMPIRE) is a 
noninterventional, international, multicenter database of 
patients with IPF in Central and Eastern Europe. The main 
objectives of the registry are to assess IPF incidence, preva-
lence, and mortality in Central and Eastern Europe, and to 
determine the basic characteristics of patients with IPF [19, 
20]. Other valuable outcomes of the registry included infor-
mation on treatment patterns and patient management [19].
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2.2  Statistical Analysis

This study aimed to calculate the incidence of bleeding 
according to treatment group. For patients who were first 
treated with nintedanib or pirfenidone, start of follow-up 
was defined as start of nintedanib or pirfenidone treatment, 
whereas end of follow-up was defined as the end of treat-
ment with the first drug, a bleeding event, death, or the end 
of follow-up in the registry. Patients not treated with either 
nintedanib or pirfenidone were included in the “others” 
group, start of follow-up was defined as date of enrolment, 
and end of follow-up was defined as bleeding, death, or end 
of follow-up in the registry. Classification of patients into 
groups A–D was dependent upon whether anticoagulant 
therapy or antiplatelet therapy was recorded at least once 
during the follow-up period. Bleeding events were included 
if they occurred during the defined follow-up period.

Statistical analysis was descriptive and included absolute 
and relative frequencies for categorical variables and medi-
ans, with 5th–95th percentile ranges calculated for quantita-
tive variables (in plots that were completed with interquartile 
range). The occurrence of bleeding events was described as 
incidence per 10,000 patient-years and supplemented with 
95% confidence intervals (CIs). The incidence of events 
per patient-year was calculated as the number of incident 
cases divided by the amount of person-time at risk (i.e., the 
sum of the duration of all follow-ups of all patients in each 
group). Significant differences among groups of patients 
were analyzed using the χ2 test for categorical variables and 
Kruskal–Wallis tests for quantitative variables. If differences 
were statistically significant, post hoc testing with a Bonfer-
roni correction was used to identify homogeneous groups.

The level of statistical significance was set at α = 0.05. 
Analyses were performed using SPSS v25 (IBM Corpora-
tion, Armonk, NY, USA) and Stata 14.2. (StataCorp, Lake-
way Drive, TX, USA).

3  Results

3.1  Patient Characteristics

Overall, 2942 patients with IPF were included from 38 
centers in ten countries (Czech Republic, Croatia, Hungary, 
Poland, Serbia, Slovakia, Turkey, Austria, Bulgaria, and 
Israel) between 6 March 2002 and 22 January 2019. The 
final analysis population included 2794 patients; patients 
with no date of inclusion in the study (n = 62) or who had a 
change in diagnosis (n = 86) were excluded from the analysis 
(electronic supplementary material [ESM]; Supplementary 
Fig. 1). Patients were enrolled into groups based on whether 
they received anticoagulant or antiplatelet therapy at any 

time during the observation period (group A: N = 1828; 
group B: N = 227; group C: N = 659; group D: N = 80).

Information on patient characteristics is summarized in 
Table 1 (additional information on patient characteristics is 
provided in the ESM [Supplementary Table 1]). Patients in 
group A were typically younger than patients in groups B, 
C, and D (Table 1). Most patients were male, although there 
was a higher proportion of women in group A than in groups 
C and D (Table 1). Across all groups,  > 50% of patients 
had a history of smoking, and a small proportion of patients 
identified themselves as current smokers (Table 1). The 
median body mass index of all groups indicated that many 
patients were classified as overweight, and statistical differ-
ences were observed between groups A and B (ESM Sup-
plementary Table 1). Dyspnea was more frequent in group 
A than in group B. Crackles (a sign of IPF) were observed 
more frequently in group C than in group A. However, other 
IPF symptoms, such as cough and finger clubbing, did not 
differ between groups.

More patients had GAP stage I in group A compared with 
patients in groups B, C, and D. The number of comorbidities 
was lowest in group A compared with the other three groups. 
HRCT lung imaging was described according to the ATS/
ERS consensus classification [1] in all patients, and HRCT 
patterns differed between groups, with usual interstitial 
pneumonia (UIP) pattern the smallest in group A (ESM Sup-
plementary Table 1). A definite UIP pattern was identified in 
1969 patients, and a possible UIP pattern was identified in 
730 patients and a pattern inconsistent for UIP in 88 patients.

3.2  Patient Comorbidities

The leading comorbidity was cardiovascular issues, mainly 
arterial hypertension, and this was observed in more than 
two-thirds of patients (Fig. 2). Table 2 summarizes the dis-
tribution of cardiovascular disorders; overall, 10.6–13.7% 
of patients had a disease requiring anticoagulant therapy 
and ~ 28.2% had a disease requiring antiplatelet therapy. 
The next most common comorbidities were gastrointestinal 
and pulmonary problems. In general, patients in group A 
had the lowest rate of comorbidities. A detailed analysis of 
comorbidities is shown in Fig. 2.

3.3  Antifibrotic Treatment

A total of 673 (24.1%) patients received nintedanib therapy. 
A higher proportion of patients in groups A and C received 
nintedanib treatment compared with group B (Table 1). Pir-
fenidone was received by 933 (33.4%) patients. A higher 
proportion of patients received pirfenidone at the time of 
investigation in group D compared with group A (Table 1).
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Table 1  Patient characteristics

Data are presented as n (%) or median (5th–95th percentile) unless otherwise indicated
GAP gender, age, and physiology

Characteristic Group A (N = 1828) Group B (N = 227) Group C (N = 659) Group D (N = 80)

Median age, years (range)
 All 67 (50–81) 71 (54–83) 71 (57–84) 73 (61–85)
 Female 68 (50–82) 68 (55–84) 72 (57–84) 75 (47–81)
 Male 67 (51–81) 71 (54–83) 70 (58–84) 72 (61–86)

Sex
 Female 604 (33.0) 60 (26.4) 150 (22.8) 12 (15.0)
 Male 1224 (67.0) 167 (73.6) 509 (77.2) 68 (85.0)

Smoking habit
 Never smoked 738 (40.7) 100 (44.1) 223 (34.0) 21 (26.6)
 Current smoker 98 (5.4) 9 (4.0) 26 (4.0) 2 (2.5)
 Ex-smoker 978 (53.9) 118 (52.0) 406 (62.0) 56 (70.9)

GAP score
 I 580 (49.7) 48 (30.0) 153 (36.2) 13 (23.2)
 II 479 (41.0) 96 (60.0) 210 (49.6) 36 (64.3)
 III 108 (9.3) 16 (10.0) 60 (14.2) 7 (12.5)

Comorbidities
 0 228 (12.5) 9 (4.0) 9 (1.4) 0 (0.0)
 1 416 (22.8) 18 (7.9) 55 (8.3) 3 (3.8)
 2 394 (21.6) 36 (15.9) 110 (16.7) 6 (7.5)
  > 2 790 (43.2) 164 (72.2) 485 (73.6) 71 (88.8)

Antifibrotic treatment
 Pirfenidone 589 (32.2) 86 (37.9) 220 (33.4) 38 (47.5)
 Nintedanib 465 (25.4) 31 (13.7) 161 (24.4) 16 (20.0)
 No antifibrotic treatment 774 (42.3) 110 (48.5) 278 (42.2) 26 (32.5)

Heart and cardiovascular N = 1,936

Gastrointes	nal N = 1,463

Pulmonary N = 749

Urogenital N = 410

Malignancy N = 181

Blood and immunity N = 145

Other N = 950

69.3

52.4

26.8

14.7

6.5

5.2

34.0

0 20 40 60 80 100 0    20   40              60     80   100
Proportion of patients (%)

p value Comparison

< 0.001
Group A vs. B; 
Group A vs. C;
Group A vs. D

< 0.001 Group A vs. C

0.465

< 0.001 Group A vs. C; 
Group A vs. D

0.751

0.036 Group A vs. B; 
Group A vs. D

0.722

All patients (N = 2,794)

Group A (N = 1,828); no anticoagulant or antiplatelet treatment
Group B (N = 227); anticoagulant treatment only
Group C (N = 659); antiplatelet treatment only (aspirin)
Group D (N = 80); anticoagulant and antiplatelet treatment

Comorbidity Proportion of patients (%)

Analysis by treatment group

Fig. 2  Comorbidities according to treatment group. The comparisons listed had statistically significant differences between the two groups (Bon-
ferroni correction was used)
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3.4  Analysis of Lung Function

Information on lung function and 6MWT is summarized 
in Table 3 (additional information on lung function is pro-
vided in the ESM [Supplementary Table 2]). FVC % pre-
dicted and  DLCO % predicted were assessed at inclusion. 
Information was unavailable for 886 patients for FVC %, 
1187 patients for  FEV1 %, and 1069 patients for  DLCO %. 
When observing the FVC % values across the four groups, 
171 patients had < 50% predicted, 913 patients had values 
between 50 and 80% predicted, and 824 patients had > 80% 
predicted; observed mean FVC % predicted values were sim-
ilar between the four groups (Table 3). There were numeri-
cal differences in  DLCO % predicted between groups A and 
C: values were < 30% predicted in 219 patients, between 30 
and 80% predicted in 1403 patients, and > 80% predicted in  
103 patients. 6MWT distance was numerically higher in 
group A compared with group B.

3.5  Bleeding as an Adverse Event

Bleeding was observed in eight patients across groups A, 
C, and D (8/2794 patients [0.29%]; nintedanib = 0.25%; 

pirfenidone = 0.04%); details of these events are shown in 
Table 4. Overall, 147 patients were identified where anti-
coagulant and/or antiplatelet treatment was recorded after 
the initiation of antifibrotic therapy (mean 9.6 months; 
5th–95th percentile 0.5–49.0 months); bleeding events were 
not observed in any of these patients. The number of patients 
who received anticoagulant and/or antiplatelet treatment fol-
lowing antifibrotic therapy was relatively low (5.3% of all 
patients and 10.3% of patients treated with antifibrotics), 
and their distribution within groups B–D was approximately 
equal (B, 17.2%; C, 14.1%; D, 18.8%). The incidence of 
bleeding was 8.9 and 136.9 per 10,000 patient-years in 
patients treated with pirfenidone and nintedanib, respec-
tively (Table 5). Overall, the relative incidence ratio for nint-
edanib to pirfenidone treatment was 15.4 (95% CI 2.0–695.3; 
P < 0.001) (Table 5). The incidence of bleeding was 3.0, 0, 
1.3, and 18.1 per 10,000 patient-years in groups A, B, C, 
and D, respectively, and group D was significantly different 
from the other groups (Table 6). The absolute occurrence 
of bleeding was highest in group D, although there was no 
significant difference in bleeding between groups (P = 0.072; 
Table 6). Bleeding events were observed in groups A, C, 
and D, and the majority of events were mild or moderate 

Table 2  Distribution and type 
of cardiovascular disorders

Data are presented as n (%)

Cardiovascular disorder Occurrence

Total
N = 2794

Group A
n = 1828

Group B
n = 227

Group C
n = 659

Group D
n = 80

Arterial hypertension 1397 (50.0) 777 (42.5) 132 (58.1) 435 (66.0) 53 (66.3)
Coronary heart disease 585 (20.9) 170 (9.3) 44 (19.4) 318 (48.3) 53 (66.3)
Arrhythmia – especially atrial fibrillation 240 (8.6) 60 (3.3) 97 (42.7) 55 (8.3) 28 (35.0)
Pulmonary hypertension 230 (8.2) 153 (8.4) 22 (9.7) 46 (7.0) 9 (11.3)
Myocardial infarction 147 (5.3) 27 (1.5) 10 (4.4) 97 (14.7) 13 (16.3)
Cerebrovascular accident and transient 

ischemic attack
100 (3.6) 29 (1.6) 41 (18.1) 22 (3.3) 8 (10.0)

Thrombosis and embolism 99 (3.5) 17 (0.9) 18 (7.9) 55 (8.3) 9 (11.3)
Valvular heart defect, aneurysm 98 (3.5) 31 (1.7) 21 (9.3) 37 (5.6) 9 (11.3)
Lower limb ischemia 54 (1.9) 11 (0.6) 12 (5.3) 27 (4.1) 4 (5.0)
Non-ischemic cardiomyopathy 28 (1.0) 13 (0.7) 6 (2.6) 9 (1.4) 0 (0.0)
Other 203 (7.3) 104 (5.7) 18 (7.9) 71 (10.8) 10 (12.5)

Table 3  Lung function values 
and 6MWT according to 
treatment groups

Data are presented as mean (5th–95th percentile)
6MWT six-minute walk test, DLCO diffusing lung capacity for carbon monoxide, FVC forced vital capacity

Values Group A Group B Group C Group D

FVC (L) 2.47 (1.26–4.10) 2.49 (1.26–3.95) 2.54 (1.38–3.99) 2.63 (1.60–3.65)
FVC (% predicted) 77 (44–117) 73 (42–105) 77 (49–117) 74 (49–115)
DLCO % 47.8 (21.9–86.1) 44.9 (21.4–72.9) 44.8 (20.4–78.0) 44.0 (22.5–72.7)
6MWT
 Distance, m 398 (175–559) 360 (63–540) 386 (167–543) 350 (142–500)
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Table 4  Bleeding events across all patients

AF atrial fibrillation, CVD cardiovascular disease
a Five patients had terminated the anticoagulant/antiplatelet treatment before the bleeding event occurred
b Type of arrhythmia not specified; patient was treated with propafenone, rivaroxaban and later dabigatran
c Specified as ‘supraventricular tachyarrhythmia (probably supraventricular)’ by the attending physician

Patient Treatment  
group

Antifibrotic  
treatment

Severity Description Associated CVD Time from antico-
agulant/antiplatelet 
treatment to event 
(months)a

Duration of antifi-
brotic treatment to 
event (months)

1 Group D Pirfenidone Mild Ear bleeding Coronary heart disease 31.4 27.9
2 Group A Nintedanib Mild Bleeding from 

hemorrhoids
Arterial hypertension – 8.6

3 Group A Nintedanib Mild Hemoptysis for 
3 weeks

None – 2.7

4 Group A Nintedanib Mild Bleeding from 
hemorrhoids

None – 10.0

5 Group A Nintedanib Mild Epistaxis and 
hematochezia

Arterial hypertension – 0.3

6 Group D Nintedanib Moderate Adrenal hematoma Coronary heart disease
Arrhythmia—especially  AFb

Heart failure

80.5 0.3

7 Group A Nintedanib Mild Hematuria Arterial hypertension
Arrhythmia—especially  AFc

– 3.6

8 Group C Nintedanib Severe Gastrointestinal 
hemorrhage

Arterial hypertension 11.0 9.4

Table 5  Incidence of bleeding 
according to the idiopathic 
pulmonary fibrosis treatment 
group

CI confidence interval, IPF idiopathic pulmonary fibrosis, PY patient-years

IPF treatment

Pirfenidone Nintedanib Other

Patients, n (PY at risk)
 Group A 589 (549.3) 465 (312.5) 774 (579.9)
 Group B 86 (111.5) 31 (25.3) 110 (97.4)
 Group C 220 (225.9) 161 (166.6) 278 (271.9)
 Group D 38 (63.2) 16 (16.1) 26 (26.2)
 Total 933 (1123.6) 673 (514.7) 1188 (975.5)

Number of bleeding events (% of all 
bleeding events)

 Group A 0 (0.0) 5 (62.5) 0 (0.0)
 Group B 0 (0.0) 0 (0.0) 0 (0.0)
 Group C 0 (0.0) 1 (12.5) 0 (0.0)
 Group D 1 (12.5) 1 (12.5) 0 (0.0)
 Total 1 (12.5) 7 (87.5) 0 (0.0)

Incidence of bleeding
 Rate/10,000 PY, total (95% CI) 8.9 (1.3–63.0) 136.9 (65.2–287.1) –
 Relative incidence ratio nintedanib: 

pirfenidone (95% CI)
15.4 (2.0–695.3)
P < 0.001
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in severity (seven of eight cases; Table 6). Except for one 
patient who received treatment with pirfenidone, all patients 
with bleeding events had received nintedanib (seven of eight 
cases; Table 7).

4  Discussion

In this study, we present data on anticoagulant use and 
bleeding risk in patients with IPF from Central and East-
ern Europe enrolled in EMPIRE. Overall, pirfenidone was 
widely used irrespective of anticoagulation treatment, 
whereas nintedanib was less frequently received by patients 
taking regular anticoagulation medication. While the inci-
dence of bleeding overall was low (8/2794 patients [0.29%]), 
the majority of patients who experienced a bleeding event 
had received nintedanib treatment (seven of eight patients) 
without anticoagulant and antiplatelet therapy (five of eight 
patients). The incidence of bleeding was 3.0, 0, 1.3, and 18.1 
per 10,000 patient-years in groups A, B, C, and D, respec-
tively, and the relative rate of bleeding in patients treated 
with nintedanib was 136.9 per 10,000 patient-years. To date, 
no real-world data on patient characteristics and antifibrotic 
treatment have been available as patients treated with full-
dose anticoagulants and high-dose antiplatelet therapy have 
previously been excluded from clinical trials. Ours is the first 
study to describe patients with IPF, treated with antifibrotics, 

stratified into groups depending on the type of anticoagulant 
or antiplatelet medication received.

Previous reports on bleeding events in patients with IPF 
and vascular disease have been published, although the 
overall risk remains unclear [21, 22]. Studies have linked a 
prothrombotic state with promotion of fibrosis [23, 24], and 
there is strong evidence for avoiding warfarin anticoagula-
tion in patients with IPF [25]. A recent review of antiplatelet 
therapy found that while bleeding risk was often considered 
a minor problem, it is associated with an increased risk of 
mortality and morbidity [26]. Despite this, registry data 
suggest that anticoagulants/antiplatelet drugs are still pre-
scribed to patients with IPF [27]. In our study, approximately 
one-third of the patients received anticoagulant and/or anti-
platelet treatment (966/2974 [32.5%]); however, administra-
tion of antiplatelet medication was not associated with an 
increase in bleeding events, even when used in combination 
with anticoagulant treatment, and the majority of patients 
with bleeding events had not received anticoagulant or anti-
platelet therapy. Patients with cardiovascular disorders in 
the present study typically had comorbidities that required 
anticoagulation and/or antiplatelet therapy as described for 
groups B, C, and D. This suggests a need for real-world 
data that include patients receiving co-medications that alter 
homeostasis that may have excluded them from previous 
clinical trials of IPF treatments such as nintedanib. In addi-
tion, most recorded bleeding events were mild or moderate 
in severity (seven of eight).

In studies of the vascular endothelial growth factor tyros-
ine kinase inhibitors (e.g., sunitinib or sorafenib or dasat-
inib), gastrointestinal bleeding and epistaxis were observed 
in a substantial proportion of patients [28, 29]. Because of 
its inhibition of the VEGFR, nintedanib may be associated 
with an increased risk of bleeding and is recommended for 
use in patients with known risk of bleeding only if the antici-
pated benefit outweighs the potential risk [4, 5, 16, 17]. In 
a pooled analysis of the INPULSIS trials of nintedanib in 
patients with IPF, bleeding events were observed in 10.3% of 
patients in the nintedanib group versus 7.8% in the placebo 
group [30]. The majority of bleeding events in these trials 

Table 6  Severity of bleeding according to anticoagulation and antiplatelet treatment groups

Data are n (%) or incidence per 10,000 patient-years

Group A (N = 1828) Group B (N = 227) Group C (N = 659) Group D (N = 80) P value

Bleeding 5 (0.3) 0 (0.0) 1 (0.2) 2 (2.5) 0.072
Incidence of bleed-

ing/10,000 patient-years
3.0 0 1.3 18.1 –

Severity of bleeding
 Mild 5 (100.0) – – 1 (50.0) 0.061
 Moderate – – – 1 (50.0)
 Severe – – 1 (100.0) –

Table 7  Severity of bleeding according to antifibrotic treatment 
groups

Data are presented as n (%). Bold formatting indicates significance

Total (N = 1606) Pirfenidone 
(n = 933)

Nintedanib 
(n = 673)

P value

Bleeding 8 (0.5) 1 (0.1) 7 (1.0) 0.007
Severity of bleeding
 Mild 6 (75.0) 1 (100.0) 5 (71.4) 0.733
 Moderate 1 (12.5) – 1 (14.3)
 Severe 1 (12.5) – 1 (14.3)
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were non-serious, with epistaxis (nintedanib group 4.1%; 
placebo group 3.1%) and contusion (nintedanib group 1.6%; 
placebo group 0.9%) the most frequently reported [30]. A 
US postmarketing surveillance analysis of 3838 patients 
with IPF treated with nintedanib identified 120 bleeding 
AEs, two of which had a fatal outcome [31]. Overall, the 
relative incidence of bleeding events in patients treated with 
nintedanib was low in our study (7/673 patients [1.0%]) and 
did not appear to be related to anticoagulant or antiplatelet 
treatment (five of eight patients with bleeding events had 
not received either anticoagulant or antiplatelet treatment). 
Because of the potential risk of bleeding associated with 
nintedanib, more attention may have been paid to this AE in 
patients treated with nintedanib in the randomized controlled 
trials, compared with trials of pirfenidone, and bleeding may 
have been under-reported in real-world studies. However, 
based on real-world data from EMPIRE, a direct causal link 
between bleeding events and antifibrotic therapies could not 
be confirmed.

Treatment of IPF with nintedanib in patients with a 
known risk of bleeding or cardiovascular disease should 
be approached with caution [32]. Direct oral anticoagu-
lants (DOACs) have a better efficacy and safety profile than 
vitamin K antagonists such as warfarin, with lower bleed-
ing rates [33]. Patient selection, anticoagulant dose choice 
(based on patient age, renal function, weight, and presence 
of drug interactions), and bleeding risk scoring systems may 
help limit the risk factors associated with DOAC use [33]. 
However, in our study, we did not have data on the specific 
oral medications used for anticoagulation, and this may 
affect outcome. It should be noted that the use of these drugs 
is not contraindicated for patients receiving nintedanib, and 
the benefits and risks should be discussed with individual 
patients when deciding appropriate treatment.

According to a systematic literature review of comorbidi-
ties associated with IPF, respiratory comorbidities such as 
chronic obstructive pulmonary disease, pulmonary hyperten-
sion, and obstructive sleep apnea were common in many of 
the studies examined, although estimates varied depending 
on study population [34]. Anticoagulation treatment is often 
required for patients with atrial fibrillation, different forms 
of thrombosis, and embolism (affecting ~ 10% of patients; 
Table 2), as well as for some forms of valvular heart defect. 
In addition, almost all cases of myocardial infarction, cor-
onary heart disease, cerebrovascular accident, transient 
ischemic attack, and lower limb ischemia require antiplatelet 
therapy (~ 28% received this treatment; Table 2). Non-respir-
atory comorbidities such as systemic arterial hypertension, 
ischemic heart disease, gastroesophageal reflux disease, and 
diabetes were also highly prevalent among patients with IPF 
[34]. In our study, a large proportion of patients had at least 
one comorbidity, and the vast majority had more than one 
additional disease; this was more pronounced for patients 

in group D who received anticoagulant and antiplatelet 
treatment.

Patients with IPF usually exhibit age-related comor-
bidities, including pulmonary hypertension, cardiovascu-
lar diseases, osteoporosis, gastroesophageal reflux disease, 
obstructive sleep apnea, emphysema, lung cancer, and dia-
betes mellitus, that alter the natural course of the disease 
[35]. Women are typically better protected than men against 
cardiovascular disease, which is attributed, at least in part, 
to the hormone estrogen [36]. Group A included patients 
who had not received anticoagulant or antiplatelet treat-
ment and had fewer cardiovascular problems, and therefore 
included more women, younger patients with better GAP 
scores, and milder/less advanced IPF (lower New York 
Heart Association score and fewer lung crackles). Among 
patients in EMPIRE, cardiovascular comorbidities were the 
most common type and were significantly higher in patients 
treated with anticoagulants and/or antiplatelet treatment ver-
sus patients who received no anticoagulant or antiplatelet 
therapy (P < 0.001); the next most common comorbidities 
were gastrointestinal disorders and pulmonary comorbidi-
ties. With the exception of gastrointestinal and pulmonary 
issues, patients in group D (on both antiplatelet and antico-
agulant medication) were the most frequently affected by 
comorbidities.

Limitations included missing data for some of the lung 
function parameters, i.e., information was not available 
for 886 patients for FVC%, 1187 patients for  FEV1%, and 
1069 patients for  DLCO%; however, lung function data were 
used for the description of patients at baseline only, and the 
impact of missing data on the results of the study has not 
been monitored or analyzed. The proportion of patients from 
different countries was similar in groups B–D; differences 
were noted in group A, where there was a lower proportion 
of patients from the Czech Republic and a higher proportion 
of patients from Turkey; this may reflect differences in treat-
ment practices between countries. Since EMPIRE primar-
ily focused on IPF, rather than cardiovascular diseases, it is 
possible that patients began anticoagulant and/or antiplatelet 
therapy earlier than was recorded on the follow-up form. 
Detailed information on anticoagulation and/or antiplatelet 
therapy (i.e., dose or type, or distribution of cardiovascular 
disorder within each group) was not available.

5  Conclusions

The study shows that the incidence of bleeding was low in 
patients treated with antifibrotics in a real-world setting. 
Despite caution for the use of nintedanib in patients receiv-
ing anticoagulant and/or antiplatelet treatment, the overall 
incidence of bleeding AEs was acceptable. Pirfenidone is 
widely used irrespective of concomitant anticoagulant and/
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or antiplatelet treatment, whereas patients receiving regu-
lar anticoagulation treatment were less likely to receive 
nintedanib. Bleeding was reported in only seven patients 
with IPF who received nintedanib (0.25% of all patients in 
the analysis), with five of these bleeding events recorded 
in patients who received nintedanib without anticoagulant 
and antiplatelet treatment. Overall, however, the very low 
number of non-severe bleeding events provides reassur-
ance on the safety concerns of nintedanib in anticoagulant- 
and/or antiplatelet-treated patients with IPF in a real-world 
setting.
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