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ABSTRACT

Introduction: The safety and tolerability of
nintedanib in patients with idiopathic pul-
monary fibrosis (IPF) have been characterized
using data from clinical trials.
Methods: We further characterized the safety
and tolerability of nintedanib in patients with
IPF in clinical practice using the global phar-
macovigilance database. The database included
spontaneously reported adverse events and data
collected via solicited reporting in patients
treated with nintedanib from 15 October 2014

to 15 October 2018. Adverse events were coded
using the Medical Dictionary for Regulatory
Activities. Cumulative exposure to nintedanib
was estimated on the basis of sales data.
Results: Cumulative exposure to nintedanib
was estimated as 60,107 patient-years. Diarrhea
was the most frequent event (301.6 events per
1000 patient-years). Most (97.0%) diarrhea
events were non-serious. The median (25th,
75th percentile) time to onset of the first diar-
rhea event was 60 (11, 182) days. Elevated liver
enzyme or bilirubin levels were reported at a
rate of 31.5 events per 1000 patient-years.
Bleeding was reported at a rate of 36.8 events
per 1000 patient-years; 81.0% of events were
non-serious. Major cardiovascular adverse
events were reported at a rate of 13.4 events per
1000 patient-years and myocardial infarction at
a rate of 4.3 events per 1000 patient-years.
Gastrointestinal perforation was reported at a
rate of 1.0 event per 1000 patient-years.
Conclusions: On the basis of pharmacovigi-
lance data collected over 4 years, the safety
profile of nintedanib in patients with IPF was
consistent with that observed in clinical trials
and described in the product label, with no new
safety concerns observed.
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Key Summary Points

Why carry out this study?

We used data from Boehringer Ingelheim’s
global pharmacovigilance program to
study the safety and tolerability of
nintedanib in patients with idiopathic
pulmonary fibrosis (IPF), based on a larger
and broader patient population and a
longer follow-up period than was feasible
to study in clinical trials

What was learned from the study?

Diarrhea was the most frequent adverse
event, reported at a rate of 301.6 events
per 1000 patient-years (lower than the rate
observed in clinical trials); the median
time to onset of the first diarrhea event
was 60 days

Rates of other adverse events of interest
per 1000 patient-years were 31.5 for
elevated liver enzyme or bilirubin levels,
36.8 for bleeding events, 13.4 for major
adverse cardiovascular events and 4.3 for
myocardial infarction; these rates were
lower than those observed in clinical trials

Our analyses suggest that the safety profile
of nintedanib in patients with IPF in
clinical practice is consistent with that
described in the product label; no new
safety concerns were observed in the
global pharmacovigilance program

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a pro-
gressive fibrosing interstitial lung disease asso-
ciated with decline in lung function, symptoms
including dyspnea and cough, impaired quality
of life, and high mortality [1, 2]. Data from the
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European IPF Registry suggest that median life
expectancy in patients with IPF not receiving
antifibrotic therapy is approximately 5 years [3].

Nintedanib (Boehringer Ingelheim) is an
approved treatment for IPF. In the phase II
TOMORROW trial and the two phase III
INPULSIS trials, nintedanib reduced the rate of
decline in forced vital capacity (FVC) over
52 weeks by approximately 50% compared with
placebo [4, 5]. In these trials, the adverse events
associated with nintedanib were manageable for
most patients and characterized predominantly
by gastrointestinal events, particularly diarrhea
[4, 5]. Data from the open-label extension of the
INPULSIS trials, INPULSIS-ON, suggest that the
safety and tolerability profile of nintedanib is
maintained over long-term use (up to
68 months of treatment) [6].

While the most robust data on the safety and
tolerability of a drug in a specific patient pop-
ulation are provided by randomized controlled
trials, such trials are limited in their size and
duration and tend to exclude patients with the
most severe disease and certain comorbidities.
Pharmacovigilance programs conducted fol-
lowing the approval of drugs collect safety and
tolerability data from a larger and broader
patient population and over a longer follow-up
period [7, 8]. We used data from Boehringer
Ingelheim’s global pharmacovigilance database
for nintedanib in patients with IPF to charac-
terize the safety and tolerability of nintedanib
in clinical practice.

METHODS

Data on adverse events in patients with IPF
treated with nintedanib were collected via
spontaneous reporting of adverse events and
solicited reporting (e.g., through patient sup-
port programs). Data collected between 15
October 2014 (the date of the first approval of
nintedanib as a treatment for IPF) and 15
October 2018 were included in the analyses.
Post-authorization safety data from Japan were
excluded as these will be reported separately.

Adverse events were coded using preferred
terms in the Medical Dictionary for Regulatory
Activities (MedDRA) version 21.0. In the

MedDRA, preferred terms are distinct descrip-
tors for a single medical concept; system organ
classes are specific groupings by etiology or
anatomy; and standardized MedDRA queries
(SMQs) are standard sets of preferred terms that
relate to a medical condition or area of interest.
SMQs can be based on narrow or broad terms;
narrow terms are those that are highly likely to
represent the condition of interest. Serious
adverse events were defined as events that
resulted in death, were life-threatening, resulted
in hospitalization or prolonged hospitalization,
resulted in persistent or clinically significant
disability or incapacity, were a congenital
anomaly or birth defect, or were deemed serious
for any other reason.

On the basis of the mechanism of action of
nintedanib [9, 10] and data from clinical trials
[4, 5], the following were defined as adverse
events of special interest: diarrhea (MedDRA
preferred term), liver enzyme and bilirubin ele-
vations including drug-induced liver injury
(based on the SMQs ‘‘drug related hepatic dis-
orders’’ [narrow terms] and ‘‘liver related inves-
tigations, signs and symptoms’’ [broad terms]),
bleeding (based on the SMQ ‘‘hemorrhage terms
[excluding laboratory terms]’’ [narrow terms]),
major cardiovascular adverse events (MACE;
based on fatal adverse events in the MedDRA
system organ classes ‘‘cardiac disorders’’ and
‘‘vascular disorders’’; the SMQ ‘‘myocardial
infarction’’ [broad terms]; a list of MedDRA
preferred terms for stroke; and the MedDRA
preferred terms ‘‘sudden death’’, ‘‘cardiac death’’
and ‘‘sudden cardiac death’’), myocardial
infarction (based on the SMQ ‘‘myocardial
infarction’’ [narrow terms]), and gastrointestinal
perforation (based on the SMQ ‘‘gastrointestinal
perforation’’ [narrow terms]). Bleeding adverse
events were assessed in subgroups of patients by
use of medication altering hemostasis (yes/no),
as defined by the World Health Organization
Anatomical Therapeutic Chemical group ‘‘an-
tithrombotic agents’’.

Cumulative exposure to nintedanib was
estimated on the basis of sales data. Incidence
rates of adverse events of special interest in the
global pharmacovigilance database and in the
INPULSIS trials were calculated as the number
of patients with the event divided by the time at
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risk, expressed per 1000 patient-years. Analyses
were based on observed cases and were
descriptive. This study did not require institu-
tional review board (IRB) approval as it was
based on aggregate, patient de-identified data
from a pharmacovigilance database.

RESULTS

On the basis of sales data, the cumulative
exposure to nintedanib over the study period
was estimated to be 60,107 patient-years.

Diarrhea

Diarrhea was reported at a rate of 301.6 events
per 1000 patient-years (Fig. 1). This is lower
than the rate described in the INPULSIS trials
(1331 events per 1000 patient-years). For most
patients (97.9%), the reported events came from
solicited rather than spontaneous reporting.
Most diarrhea events (97.0%) were non-serious.
Among the patients with diarrhea, 6181
(34.1%) reported more than one episode. The
median (25th, 75th percentile) time to onset of
the first diarrhea event was 60 (11, 182) days.

Liver Enzyme and Bilirubin Elevations

Elevated liver enzyme or bilirubin levels were
reported at a rate of 31.5 events per 1000
patient-years (Fig. 1). This is lower than the rate
reported in the INPULSIS trials (162 events per
1000 patient-years). Alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and
bilirubin levels among patients who had eleva-
tions are summarized in Table 1. Of 10 cases
with sufficient data to enable categorization of
Hy’s law (i.e., ALT and/or AST[ 3 9 upper limit
of normal [ULN] with concurrent total biliru-
bin[2 9 ULN), none met criteria for Hy’s Law.
The median (25th, 75th percentile) time to
onset of the first liver enzyme or bilirubin ele-
vation was 60 (29, 136) days.

Bleeding

Bleeding was reported at a rate of 36.8 events
per 1000 patient-years (Fig. 1). This is lower
than the rate reported in the INPULSIS trials
(118 events per 1000 patient-years). For most
patients (98.1%), the reported events came from
solicited rather than spontaneous reporting.
Most bleeding events (81.0%) were non-serious.
The median (25th, 75th percentile) time to
onset of the first bleeding event was 68 (28, 193)
days. The most frequently reported locations of
bleeding were respiratory (31.7% of events) and

Fig. 1 Incidence rates of adverse events of special interest in the global pharmacovigilance database
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lower gastrointestinal (24.2% of events) (Fig. 2).
The most frequently reported types of bleeding
event were epistaxis (25.0% of events), contu-
sion (14.4% of events), hematochezia (11.6% of
events), and rectal hemorrhage (7.2% of
events).

Among the patients with bleeding events,
28.1% were receiving medication altering
hemostasis. There were no major differences in
the types of bleeding events between patients
receiving and not receiving medications alter-
ing hemostasis; however, serious bleeding
events were more common than non-serious
bleeding events in patients receiving such
medications, whereas non-serious bleeding

events were more common than serious bleed-
ing events in patients not receiving such medi-
cations (Table 2).

MACE and Myocardial Infarction

MACE was reported at a rate of 13.4 events per
1000 patient-years (Fig. 1). This was lower than
the rate reported in the INPULSIS trials (39
events per 1000 patient-years). For most
patients (96.5%), the reported events came from
solicited rather than spontaneous reporting.
The median (25th, 75th percentile) age at first
MACE was 75 (70, 80) years and 69.8% of
patients who had MACE were male. The most

Table 1 Liver enzyme and bilirubin levels among patients with reported elevations

Alanine aminotransferase, U/L Aspartate aminotransferase,U/L Bilirubin, mg/dL

N 94 87 167

Mean (SD) 66.7 (63.7) 62.5 (78.6) 4.0 (17.0)

Median 43.5 40.0 0.7

Minimum 7 8 0

Maximum 293 555 155

Fig. 2 Location of bleeding events in the global pharmacovigilance database
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frequently reported comorbid conditions in
patients with MACE were hypertension (8.6% of
patients), drug hypersensitivity (5.5% of
patients), and coronary artery disease (5.2% of
patients) (Fig. 3). Myocardial infarction was
reported at a rate of 4.3 events per 1000 patient-
years (Fig. 1). This was lower than the rate of
myocardial infarction reported in the INPULSIS
trials (17 events per 1000 patient-years).

Gastrointestinal Perforation

Gastrointestinal perforation was reported at a
rate of 1.0 event per 1000 patient-years (Fig. 1).
This was lower than the rate reported in the
INPULSIS trials (3.4 events per 1000 patient-
years) (Boehringer Ingelheim, data on file). For
most patients (94.9%), the reported events
came from solicited rather than spontaneous
reporting. The median (25th, 75th percentile)

age at first gastrointestinal perforation was 75
(68, 79) years and 61.0% of patients who had
gastrointestinal perforation were male. The
most frequently reported types of gastrointesti-
nal perforation were intestinal (17.5% of
events), gastric (11.1% of events), and perfora-
tion of the large intestine (9.5% of events).

DISCUSSION

On the basis of global pharmacovigilance data
collected over 4 years, the safety profile of nin-
tedanib in patients with IPF was consistent with
that observed in clinical trials, with no new
safety concerns observed. The most frequent
adverse event reported in the global pharma-
covigilance database was non-serious diarrhea,
in line with observations from clinical trials
[5, 11–14], observational studies conducted in

Table 2 Bleeding events in patients by use of medication altering hemostasis

Receiving medication altering hemostasis
(n = 621)

Not receiving medication altering hemostasis
(n = 1588)

Serious, n (%
of respective
bleeding
events)

Non-serious,
n (% of
respective
bleeding
events)

Total, n (% of
all bleeding
events in this
subgroup)

Serious, n (%
of respective
bleeding
events)

Non-serious,
n (% of
respective
bleeding
events)

Total, n (% of
all bleeding
events in this
subgroup)

Epistaxis 96 (52.5) 87 (47.5) 183 (29.5) 146 (32.0) 310 (68.0) 456 (28.7)

Contusion 52 (46.0) 61 (54.0) 113 (18.2) 78 (28.7) 194 (71.3) 272 (17.1)

Hematochezia 39 (52.7) 35 (47.3) 74 (11.9) 86 (36.4) 150 (63.6) 236 (14.9)

Rectal

hemorrhage

36 (52.2) 33 (47.8) 69 (11.1) 61 (48.0) 66 (52.0) 127 (8.0)

Hemorrhage 38 (61.3) 24 (38.7) 62 (10.0) 48 (38.4) 77 (61.6) 125 (7.9)

Hemoptysis 36 (64.3) 20 (35.7) 56 (9.0) 40 (38.8) 63 (61.2) 103 (6.5)

Gastrointestinal

hemorrhage

24 (85.7) 4 (14.3) 28 (4.5) 42 (80.8) 10 (19.2) 52 (3.3)

Blood urine

present

12 (44.4) 15 (55.6) 27 (4.3) 29 (39.7) 44 (60.3) 73 (4.6)

Bleeding events were coded on the basis of preferred terms in the Medical Dictionary for Regulatory Activities (MedDRA).
Bleeding events with n[ 25 in both subgroups by use of medication altering hemostasis are shown. Medications altering
hemostasis were defined by the World Health Organization Anatomical Therapeutic Chemical group ‘‘antithrombotic
agents’’

4214 Adv Ther (2020) 37:4209–4219



clinical practice [15–23], and post-marketing
surveillance data collected in the USA in the
year following the approval of nintedanib as a
treatment for IPF [24].

Nintedanib is an intracellular inhibitor of
tyrosine kinases that inhibits processes funda-
mental to the pathogenesis of pulmonary
fibrosis [9, 10, 25, 26]. Diarrhea is a known
adverse event associated with tyrosine kinase
inhibitors. The precise mechanism behind this
is unknown, but it may be that inhibition of the
vascular endothelial growth factor receptor
(VEGFR) causes morphometric changes in the
bowel mucosa, altering motility [27]. In the
INPULSIS trials, 62.4% of nintedanib-treated
patients had at least one adverse event of diar-
rhea over 52 weeks, with its onset occurring
within 3 months in most of these patients [11].
Investigators were provided with guidelines for
the management of diarrhea through symp-
tomatic therapy and dose adjustment (dose
reduction to 100 mg twice daily and/or treat-
ment interruption) [11]. Diarrhea led to treat-
ment discontinuation in 4.4% of patients over
52 weeks [11].

Elevations in liver enzymes and bilirubin
(including drug-induced liver injury) may occur
in patients treated with nintedanib and it is

recommended that liver function tests (ALT,
AST, bilirubin) be conducted prior to the initi-
ation of treatment, at regular intervals during
the first 3 months of treatment, and periodically
thereafter or as clinically indicated [28]. It is
recommended that nintedanib therapy be
interrupted or the dose reduced in patients with
ALT or AST[3 but\ 5 9 ULN without signs of
liver damage [28]. Nintedanib should be dis-
continued in patients with ALT or AST[ 3 9

ULN with signs or symptoms of liver injury, or
with ALT or AST[5 9 ULN [28]. In the
majority of cases, liver enzyme and bilirubin
elevations in patients treated with nintedanib
were reversible with treatment interruption or
dose reduction [28].

As an inhibitor of VEGFR, nintedanib is
associated with an increased risk of bleeding. It
is recommended that patients treated with
nintedanib who are on full-dose anticoagula-
tion therapy be monitored so that anticoagula-
tion treatment can be adjusted as necessary [28].
Consistent with findings from the INPULSIS
trials [11], most of the bleeding events in the
pharmacovigilance database were non-serious
and the most common type of bleeding event
was epistaxis. Clinical trial data, including those
collected in INPULSIS-ON over a treatment

Fig. 3 Comorbid conditions in patients with MACE in the global pharmacovigilance database
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duration of up to 68 months, suggest that the
risk of bleeding does not increase with pro-
longed nintedanib treatment [6, 14]. However,
patients with increased risk of bleeding (i.e.,
requiring fibrinolysis, full-dose therapeutic
anticoagulation, or high-dose antiplatelet ther-
apy) were excluded from clinical trials of nin-
tedanib. Just over a quarter of patients who had
a bleeding event reported in the pharmacovig-
ilance database were receiving medications that
alter hemostasis, i.e., antithrombotic agents.
Although the dose of these medications was not
reported and, as such, use of full-dose thera-
peutic anticoagulation or high-dose antiplatelet
therapy could not be assessed, the types of
bleeding event were generally consistent
between patients who were and were not
receiving these medications. However, serious
bleeding events were more common than non-
serious bleeding events in patients receiving
medications altering hemostasis, whereas non-
serious bleeding events were more common
than serious events in patients not receiving
such medication.

Cardiovascular disorders are common
comorbidities in patients with IPF [29]. In the
INPULSIS trials, a higher proportion of patients
in the nintedanib group than in the placebo
group had myocardial infarction (2.7% versus
1.2%), while a lower proportion had other
ischemic heart disease (1.7% versus 3.1%) [11].
The incidence rates of MACE and myocardial
infarction in the global pharmacovigilance
database were lower than those observed in
pooled data from the TOMORROW and
INPULSIS trials [30]. The incidence rate of
myocardial infarction in the database was lower
than that observed in an analysis of US health-
care claims data from patients with IPF not
treated with nintedanib [31]. Exposure-adjusted
event rates of MACE and myocardial infarction
in nintedanib-treated patients in INPULSIS-ON
(after a median of 32 months of treatment) were
similar to those observed in placebo-treated
patients in the INPULSIS trials [6]. Overall, these
data are reassuring with regards to the cardio-
vascular safety of nintedanib in patients with
IPF.

A small number of patients in the INPULSIS
trials and global pharmacovigilance database

had gastrointestinal perforation. On the basis of
the mechanism of action of nintedanib, caution
should be used when treating patients who have
had recent abdominal surgery, have a history of
diverticular disease, or are receiving corticos-
teroids or non-steroidal anti-inflammatory
drugs. A recent analysis of real-world data sug-
gested that there may be a relationship between
nintedanib and ischemic colitis (based on
analysis of 10 cases) [32]. A signal assessment for
ischemic colitis conducted using the global
pharmacovigilance database in early 2020
identified 18 cases following 102,711 patient-
years of exposure, a rate consistent with the
background rate that would be expected in a
population of similar age.

Clinical trial data suggest that nintedanib
has a similar safety and tolerability profile
across patient subgroups based on age, race,
degree of lung function impairment, and use of
statins and anti-acid medications [6, 12, 33–35].
However, serious adverse events appear to occur
more frequently in patients with IPF who have
more advanced gas exchange impairment
(DLco\35% predicted) [36]. In addition,
observational studies conducted in clinical
practice suggest that patients with more
advanced disease are more likely to discontinue
nintedanib because of adverse events
[20, 21, 37]. Proactive counselling regarding
possible adverse events and appropriate man-
agement through dose adjustment and symp-
tom relief are crucial to optimize adherence and
to improve outcomes [38, 39]. Importantly, the
dose adjustments used to manage adverse
events associated with nintedanib have been
shown not to reduce the efficacy of nintedanib
in reducing FVC decline [6, 40].

Strengths of our analyses of the global
pharmacovigilance database include the cumu-
lative exposure to nintedanib (over 60,000
patient-years compared with 548 patient-years
in the INPULSIS trials) and the collection of
data from an all-comers population of patients
with IPF treated in clinical practice worldwide.
Our analyses also have a number of limitations,
including the likely under-reporting of non-se-
rious adverse events, the reliance on the data
that were reported without the opportunity to
verify them, the lack of detailed information
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captured on adverse events and their impact,
the absence of information on nintedanib dose
adjustments or discontinuations, and the lim-
ited data available on the characteristics of
patients who reported adverse events, including
on concomitant medication use.

CONCLUSIONS

We used data from the global pharmacovigi-
lance database for nintedanib in patients with
IPF to characterize the safety and tolerability of
nintedanib in clinical practice. On the basis of
data collected over 4 years, the safety profile of
nintedanib in patients with IPF was consistent
with that observed in clinical trials and descri-
bed in the product label, with no new safety
concerns observed. The most frequently repor-
ted adverse event in the global pharmacovigi-
lance database was non-serious diarrhea.
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