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ABSTRACT

Nintedanib is a tyrosine kinase inhibitor
approved for the treatment of idiopathic pul-
monary fibrosis (IPF) and other progressive
fibrosing interstitial lung diseases. Placebo-
controlled trials showed that the adverse event
profile of nintedanib was characterised mainly
by gastrointestinal events, particularly diar-
rhoea. We review the data from all published
real-world studies of the safety of nintedanib in
patients with IPF. These real-world data were
consistent with the safety profile observed in
clinical trials and described in the product label.
The most common adverse events were diar-
rhoea, nausea and vomiting, but these infre-
quently led to permanent treatment

discontinuation. Liver enzyme elevations were
observed, supporting the recommendation for
regular monitoring of liver enzymes, particu-
larly in the first few months of treatment.
Bleeding and cardiovascular adverse events were
rarely reported. As in clinical trials, in real-world
studies, reductions of the nintedanib dose,
treatment interruptions and use of anti-diar-
rhoeal medications were frequently employed
to manage adverse events. Few data are avail-
able on the use of nintedanib in patients who
are elderly or have advanced disease, but there
are some data to suggest a greater rate of treat-
ment discontinuation in these patients. Effec-
tive management of adverse events associated
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with nintedanib is important to minimise their
impact.
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In clinical trials in patients with IPF, the adverse event 
profile of nintedanib was characterised mainly by 

gastrointestinal events

What did we know?

Review all published data from real-world studies looking at 
safety of nintedanib in patients with IPF (52 articles)

What did we do?

What did we learn about the safety of 
nintedanib in clinical practice?

Diarrhoea, nausea 
and vomiting were 
the most common 

adverse events 

Dose reductions and 
anti-diarrhoeal drugs 

were frequently used to 
manage adverse events

Liver enzyme 
elevations generally 
returned to normal 

after dose adjustment 

Most cases of 
diarrhoea were mild 

or moderate in 
intensity 
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Key Summary Points

Data from real-world studies in patients
with IPF support the safety profile of
nintedanib observed in clinical trials.

The most common adverse events
associated with nintedanib in real-world
studies were diarrhoea, nausea and
vomiting, which infrequently led to
treatment discontinuation.

Liver enzymes should be monitored in
patients treated with nintedanib.

Nintedanib dose adjustments, treatment
interruptions and anti-diarrhoeal
medications are frequently employed to
manage adverse events.

Effective management of the adverse
events associated with nintedanib in
clinical practice is important to minimise
their impact and help patients remain on
therapy.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract to facilitate
understanding of the article. To view digital
features for this article, go to https://doi.org/10.
6084/m9.figshare.22015745.

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a pro-
gressive fibrosing interstitial lung disease (ILD)
associated with high morbidity and mortality
[1]. Two drugs have been licensed for the
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treatment of IPF: nintedanib and pirfenidone.
Nintedanib is a tyrosine kinase inhibitor that
inhibits processes fundamental to the progres-
sion of pulmonary fibrosis, including the pro-
liferation and transformation of lung fibroblasts
and the deposition of extracellular matrix [2, 3].
The efficacy and safety of nintedanib in patients
with IPF have been investigated in several ran-
domised placebo-controlled trials [4–7], includ-
ing the two INPULSIS trials involving a total of
over 1000 patients [5]. In all these trials, ninte-
danib reduced the rate of decline in forced vital
capacity (FVC), reflecting a slowing of disease
progression. The safety profile of nintedanib in
randomised trials and their open-label exten-
sions was characterised mainly by gastroin-
testinal adverse events, particularly diarrhoea
[4–12].

While clinical trials provide the most robust
data on the safety and tolerability of a drug,
they are inevitably of limited duration and
exclude patients with the most advanced dis-
ease and with certain comorbidities. Real-world
evidence on the adverse events observed when a
therapy is used in clinical practice can provide
valuable additional information on the safety
profile of a drug [13–15]. In this article, we
review the real-world evidence on the safety and
tolerability of nintedanib in patients with IPF.

LITERATURE SEARCH

A PubMed search was conducted on 6 Septem-
ber 2022 using the search terms ‘‘nintedanib’’
and ‘‘idiopathic pulmonary fibrosis’’. This iden-
tified 780 manuscripts. The titles and abstracts
of these manuscripts were reviewed to identify
those that may include real-world data on the
safety and tolerability of nintedanib in patients
with IPF obtained as part of registries, observa-
tional studies, claims databases, pharmacovigi-
lance programmes, or expanded
access/compassionate use programmes. The 52
manuscripts identified were hand-searched for
data on adverse events, dose adjustments and
treatment discontinuations in patients with IPF
treated with nintedanib. This identified 49
manuscripts including relevant data (two from
pharmacovigilance databases, four from patient

registries, 43 from other observational studies).
In addition, abstracts presented at the American
Thoracic Society (ATS) and European Respira-
tory Society (ERS) international congresses in
2019, 2020, 2021 and 2022 were hand-searched
for data that added value to those included in
the manuscripts. Data from the two ran-
domised, placebo-controlled INPULSIS trials of
nintedanib in patients with IPF [5] were also
reviewed to enable comparison of these data to
the real-world data.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by the authors.

DIARRHOEA

In the INPULSIS trials, diarrhoea was the most
frequent adverse event associated with ninte-
danib, reported in 62% of patients in the nin-
tedanib group and 18% of patients in the
placebo group over 52 weeks [8]. For most
patients who had diarrhoea in the INPULSIS
trials, the first event occurred within 3 months
of initiating treatment [8]. Pharmacovigilance
data collected in the 4 years following the
approval of nintedanib as a treatment for IPF
also showed diarrhoea to be the most frequently
reported adverse event in patients taking nin-
tedanib (301.6 events per 1000 patient-years)
[16]. Based on these pharmacovigilance data,
the median time to onset of a diarrhoea event
was 60 days [16]. Diarrhoea was reported much
less commonly in pharmacovigilance studies
than in the INPULSIS trials (Fig. 1). This likely
reflects under-reporting of diarrhoea in phar-
macovigilance studies, in which diarrhoea must
be spontaneously reported by the patient,
compared to clinical trials, in which patients are
specifically asked about the adverse events that
they have experienced.

Observational studies conducted in clinical
practice have reported that diarrhoea occurred
in 32–79% of patients treated with nintedanib
[17–37]. In two single-centre studies, one
reporting diarrhoea in 44 of 124 patients and
the other reporting diarrhoea in 50 of 86
patients, the average time from starting
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nintedanib to the onset of diarrhoea was
2.2 months [29] and 5.4 months, respectively
[38].

Exposure-safety analyses based on pooled
data from clinical trials found no association
between exposure to nintedanib (based on
plasma concentrations) and the risk of devel-
oping diarrhoea [39]. This suggests that the risk
of diarrhoea would not change based on weight.
In a real-world study of 77 Japanese patients, a
body mass index (BMI)\ 21.6 kg/m2 was asso-
ciated with an increased risk of diarrhoea (odds
ratio [OR] 3.5 [95% CI 1.0, 11.5]) compared with
a higher BMI, but the impact of weight was not
assessed [26].

In the INPULSIS trials, the median (mini-
mum, maximum) duration of diarrhoea events
in patients treated with nintedanib was 139 (1,
473) days. Most of the diarrhoea events reported
in clinical trials of nintedanib were mild or
moderate in intensity [8]. Similar observations
have been made in real-world studies. Among
45 patients in a Brazilian expanded access pro-
gramme who experienced diarrhoea, the inten-
sity of the worst event (in the opinion of the
investigators) was mild in 49%, moderate in
29% and severe in 22% of patients [27]. No real-
world data have been published on the nature

of nintedanib-associated diarrhoea, such as the
frequency, consistency, or urgency of bowel
movements.

Specific recommendations for the manage-
ment of diarrhoea were provided to the inves-
tigators in clinical trials of nintedanib,
including dose adjustments, treatment inter-
ruption, and use of loperamide (Fig. 2). Similar
recommendations have been provided for the
management of diarrhoea in clinical practice
[40–42]. Data from compassionate use pro-
grammes in Germany (n = 62) and Brazil
(n = 57) showed that 42% and 58% of patients
received loperamide, respectively [17, 27].

OTHER GASTROINTESTINAL
ADVERSE EVENTS

In the INPULSIS trials, nausea was reported in
25% of patients in the nintedanib group and 7%
of patients in the placebo group, while vomit-
ing was reported in 12% of patients in the
nintedanib group and 3% of patients who
received placebo [8]. In real-world studies,
nausea or vomiting adverse events have been
reported in 2–53% of patients treated with
nintedanib

Fig. 1 Safety of nintedanib in the INPULSIS trials and in
global pharmacovigilance data [16]. Adapted by permission
from Springer Nature: Advances in Therapy; Safety of

nintedanib in patients with idiopathic pulmonary fibrosis:
global pharmacovigilance data; Lasky JA et al.; Copyright
2020
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[17, 19–23, 26–28, 30, 31, 33–37, 43–46]. In a
single-centre study in which five of 124 patients
experienced nausea, the average time from
starting nintedanib to the onset of nausea was
2.5 months [29].

In the INPULSIS trials, 9.7% of patients in
the nintedanib group and 3.5% of patients in
the placebo group had weight loss [8]. Based on
the annual rate of decline in weight, the mean
weight loss over 52 weeks was 3.3 kg in the
nintedanib group and 1.5 kg in the placebo
group; 37.8% and 20.1% of patients in the
nintedanib and placebo groups, respectively,
had a weight loss greater than 5% [47]. In real-
world studies, 5–32% of patients treated with
nintedanib have been reported to experience
weight loss [19–22, 25, 27–30, 33, 34, 36, 37]. In
three studies that reported data on discontinu-
ations due to weight loss, this occurred in about
5% of 49, 57 and 94 patients treated with nin-
tedanib [22, 27, 44]. Among 36 patients at a US
referral centre who were treated with ninteda-
nib for at least 12 months, mean weight loss was
6%, with 61% of patients experiencing weight
loss greater than 5% [48]. Real-world studies
have reported anorexia in patients treated with
nintedanib (2–39% of patients) [17, 28, 29, 43].
It is unclear to what extent weight loss in
patients treated with nintedanib is due to loss of
appetite.

HEPATIC ENZYME ELEVATIONS

In the INPULSIS trials, elevations in alanine
aminotransferase (ALT) and/or aspartate

aminotransferase (AST) greater than three times
the upper limit of normal (ULN) were reported
in 5% of patients treated with nintedanib
compared with 1% of the placebo group over
52 weeks [8]. These elevations did not appear to
occur at a particular time relative to the start of
treatment [8]. An algorithm for the manage-
ment of hepatic enzyme elevations was pro-
vided to the investigators [8]. In the majority of
patients, values had returned to within the
normal range by the end of treatment [8].

The product label recommends that hepatic
enzymes and bilirubin be monitored prior to
initiation of nintedanib, at regular intervals
during the first 3 months of treatment, and
then periodically or as clinically indicated [40].
Multidisciplinary panels of experts [41, 42, 49]
have recommended measuring hepatic enzymes
and bilirubin prior to initiating nintedanib,
then every 4 weeks for the first 6 months of
treatment, and then every 3 months (or as
clinically indicated). In the pharmacovigilance
database, elevated hepatic enzyme or bilirubin
levels were reported at a rate of 31.5 events per
1000 patient-years (Fig. 1), with a median time
to onset of the first elevation of 60 days [16]. In
real-world studies, elevations in hepatic
enzymes have been reported in 2–11% of
patients treated with nintedanib
[17–19, 21–24, 27, 28, 36, 43, 46]. Levels of
these enzymes generally returned to normal
following dose reduction to 100 mg twice daily
(bid) or treatment interruption [17, 24, 50].
Studies from a centre in Japan (based on two
cohorts of 32 and 68 patients) found an
unusually high rate of hepatic enzyme

Fig. 2 Algorithm for the management of diarrhoea adverse events in the INPULSIS trials [8]. Copyright � 2015, Corte
et al., Respir Res;16:116
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elevations of greater than three times the ULN,
which likely reflects the very frequent mea-
surement of hepatic enzyme elevations at this
centre [50, 51].

Exposure-safety analyses based on pooled
data from clinical trials found an association
between nintedanib exposure (based on plasma
concentrations) and the risk of hepatic enzyme
elevations, as well as a higher risk in female
patients [39]. The observed association between
exposure and risk suggests a potentially higher
frequency of hepatic enzyme elevations in
patients with higher exposure to nintedanib,
such as those of low weight, and warrants close
monitoring in such patients. However, no a
priori dose adjustments of nintedanib are
deemed necessary except in patients with mild
hepatic impairment (Child–Pugh A) [39, 40].

BLEEDING

As an inhibitor of the vascular endothelial
growth factor receptor, nintedanib may increase
the risk of bleeding [52]. Patients receiving full-
dose anticoagulation should be monitored clo-
sely for bleeding, and therapy adjusted as nec-
essary [40]. In the INPULSIS trials, bleeding
events were reported in 10% of patients treated
with nintedanib over 52 weeks compared to 8%
of patients who received placebo [8]. The inci-
dence of serious bleeding events was similar in
the nintedanib and placebo groups (1.3% and
1.4%, respectively) [8]. However, it should be
noted that patients treated with full-dose anti-
coagulation or with a known risk of bleeding
were excluded from these trials. In the phar-
macovigilance database, bleeding events were
reported at a rate of 36.8 events per 1000
patient-years (Fig. 1) and most (81.0%) of the
events were non-serious [16]. The most fre-
quently reported types of bleeding event were
epistaxis (25.0% of events), contusion (14.4% of
events), and haematochezia (11.6% of events)
[16].

Few bleeding events have been reported in
real-world observational studies. Among 124
patients who received nintedanib for an average
of 258 days as part of a UK patient-in-need
programme, three events of haemoptysis, one

of haematemesis, and one of pulmonary
embolism were reported [18]. Sixteen bleeding
adverse events, including haemoptysis, hae-
matemesis and nose bleeds, were reported
among 187 patients treated at three UK centres
(for a median of 8 months) [19]. A multicentre
study from Greece found that gastrointestinal
bleeding was reported in fewer than 1% of 244
patients treated with nintedanib for a mean of
24 months [28]. In the EMPIRE registry, two of
208 patients who were receiving nintedanib in
addition to anticoagulation and/or antiplatelet
therapy experienced a bleeding event [53].

CARDIOVASCULAR EVENTS

Patients with a recent history of myocardial
infarction (MI), unstable angina, or thrombotic
events were not enrolled in trials of nintedanib.
In the INPULSIS trials, cardiac disorders were
reported in 10.0% of patients treated with nin-
tedanib and 10.6% of patients who received
placebo over 52 weeks [8]. Adverse events coded
as ‘‘MI’’ or ‘‘acute MI’’ based on terms in the
Medical Dictionary for Regulatory Activities
were reported in 1.6% and 0.5% of patients
treated with nintedanib and placebo, respec-
tively [8]. Pooled data from the TOMORROW
and INPULSIS trials suggest that among 1107
patients with a history of atherosclerotic car-
diovascular disease and/or at least one cardio-
vascular risk factor (hypertension,
dyslipidaemia, BMI[30 kg/m2, current/former
smoking, diabetes) at baseline, the incidence of
MI was higher (3.03 vs. 1.16 per 100 patient-
years), the incidence rate of other ischaemic
heart disease was lower (1.85 vs. 3.28 per 100
patient-years), and the incidence of major
adverse cardiovascular events was similar (3.88
vs. 3.49 per 100 patient-years) in patients who
received nintedanib vs. placebo, respectively
[54]. MI and major adverse cardiovascular
events were reported at lower rates in the
pharmacovigilance database than in patients
who received nintedanib in the INPULSIS trials
[16] (Fig. 1).

Few cardiovascular events have been repor-
ted in patients treated with nintedanib in real-
world studies [18–23, 28, 55, 56]. In the largest
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real-world study to report data on cardiovascu-
lar events, among 244 patients treated with
nintedanib for an average of 24 months at seven
centres in Greece, ischaemic events (MI or
ischaemic stroke) were reported in 2.9% of
patients [28].

DOSE ADJUSTMENTS
AND ADHERENCE

Other than in patients with mild hepatic
impairment, the recommended dose of ninte-
danib is 150 mg bid, with dose reductions to
100 mg bid or treatment interruptions recom-
mended to manage adverse events [40]. In some
cases, permanent discontinuation of nintedanib
is required. Over 52 weeks of treatment in the
INPULSIS trials, in the nintedanib and placebo
groups, respectively, 28% and 4% of patients
had at least one dose reduction, 24% and 10%
of patients had at least one treatment inter-
ruption, and 24% and 19% of patients perma-
nently discontinued treatment. Dose reductions
due to diarrhoea occurred in 14% of patients
treated with nintedanib and in no patients
receiving placebo [8].

In real-world studies, nintedanib dose
reductions have been reported in 13–37% of
patients, and treatment interruptions in 5–42%
of patients [17–21, 24, 27–29, 36, 37, 43, 55].
Dose adjustments are most frequently required
because of diarrhoea. In three studies involving
62, 64 and 124 patients, with an average dura-
tion of treatment of 8–11 months, 13–31% of
patients had a dose reduction and 6–16% of
patients had a treatment interruption due to
diarrhoea [17, 18, 20]. In the one study that
looked at the duration of treatment interrup-
tion, the median duration of interruption was
17 days [17].

The rate of permanent discontinuations of
nintedanib varies widely across studies, from 4% to
53% of patients, likely reflecting differences in
study methodologies, patient populations and
follow-up times, as well as treatment practices at
particular centres
[17–21, 23, 25, 27–29, 34–37, 43, 44, 55, 57–62]. In
a UK study, among 69 of 154 patients who dis-
continued nintedanib over 12 months, 47%

discontinued within the first 3 months, 17%
between 3 and 6 months, and 36% between 6 and
12 months [21].As inclinical trials,diarrhoea is the
most frequent reason for permanent discontinua-
tion of nintedanib in real-world studies
[19, 20, 22, 27].

A few studies have tried to identify factors
associated with discontinuation of nintedanib.
In a single-centre study of 42 patients in Japan,
the seven patients who discontinued nintedanib
within 6 months due to adverse events had
lower mean BMI (20.4 vs. 24.2 kg/m2) and
FVC % predicted (51.3% vs. 73.7%) at treatment
initiation than those who did not discontinue it
[57]. Lower FVC % predicted and older age at
treatment initiation were associated with ninte-
danib discontinuation within 12 months in a
multicentre UK study involving 154 patients [21]
(Fig. 3) while poor overall health was associated
with nintedanib discontinuation within
12 months in a single-centre Japanese study [33].

Recent data from a retrospective analysis of a
specialty pharmacy database in the USA suggest
that implementation of a patient support pro-
gramme reduced the risk of nintedanib discon-
tinuation (defined as a gap of more than 60 days
since the last prescription). In this study, 35% of
the 3114 patients enrolled in the programme
remained on treatment 1 year after their first
prescription, compared with 29% of the 9388
patients who did not participate [63].

Fig. 3 Proportion of patients treated with nintedanib at
1 year by baseline FVC % predicted: data from six hospitals
in the UK [21]. Reproduced with permission of � ERS
2022. ERJ Open Res. 4:00049–2018; https://doi.org/10.
1183/23120541.00049-2018 Published 19 October 2018
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SPECIAL POPULATIONS

Elderly Patients

Based on pooled data from five clinical trials,
the safety profile of nintedanib was generally
similar between patients aged\75 years
(n = 1364) vs. C 75 years (n = 326) at baseline,
but a greater proportion of patients
aged C 75 years discontinued treatment
because of adverse events [64]. Older age is
associated with increased exposure to ninteda-
nib (based on plasma concentrations), which
may increase the risk of hepatic enzyme eleva-
tions [39, 40].

Real-world studies suggest that the adverse
event profile of nintedanib is similar in patients
aged C 75 vs.\75 years, although anorexia and
nausea have been reported at a higher fre-
quency among those aged C 75 years in some
studies conducted in Asia [31, 65–67] and dis-
continuations may be more frequent in this age
group [66, 67]. Low BMI (OR 0.81 [95% CI 0.69,
0.97]) and low FVC % predicted (OR 0.97
[95% CI 0.94, 1.00]) have been associated with
nintedanib discontinuation in patients
aged C 75 years [66]. Among 82 patients treated
at a single centre in Italy, nintedanib dose
reductions occurred more frequently in patients
aged C 80 vs.\80 years (50% vs. 27%), inde-
pendent of BMI [46].

Advanced Lung Function Impairment

Data from the INSTAGE and INPULSIS trials
suggest that the adverse event profile of ninte-
danib is similar in patients with severely
impaired gas exchange (DLco B 35% predicted)
as in patients with lesser impairment in gas
exchange [68]. In the open-label extension of
the INPULSIS trials (INPULSIS-ON), the adverse
event profile of nintedanib was generally con-
sistent between subgroups with baseline FVC
B 50% predicted (n = 41) vs.[ 50% predicted
(n = 690), but a greater proportion of patients
with FVC B 50% predicted discontinued treat-
ment because of adverse events [69].

Real-world studies suggest that the adverse
event profile of nintedanib is generally

consistent between patients with advanced lung
function impairment (i.e., FVC\50% pre-
dicted or DLco\ 30% predicted) and those with
more highly preserved lung function
[23, 30, 43, 45, 55, 70]. Some studies have
reported no difference in the rate of nintedanib
discontinuation across these groups [30, 43, 45],
while in others, treatment interruptions and
permanent discontinuations were more fre-
quent in patients with advanced disease [21, 23]
(Fig. 3).

Patients Switched from Pirfenidone
to Nintedanib

Few data are available on the tolerability of
nintedanib in patients switched from pir-
fenidone. However, the available data suggest
that the adverse event profile of nintedanib is
consistent between patients who were switched
from pirfenidone to nintedanib and those who
received first-line nintedanib [32, 71].

Combination Therapy with Nintedanib
and Pirfenidone

Data from clinical trials suggest that the adverse
event profiles of nintedanib with add-on pir-
fenidone [10] and of pirfenidone with add-on
nintedanib [72] are as expected based on the
profiles of each drug. In the INJOURNEY trial,
over 12 weeks, gastrointestinal adverse events
were reported in 70% of 53 patients randomised
to receive nintedanib with add-on pirfenidone
and 53% of 51 patients treated with nintedanib
alone. Few real-world data are available on the
tolerability of combination therapy with nin-
tedanib and pirfenidone, but the available data
suggest a tolerability profile consistent with
observations in clinical trials [73, 74].

Patients Undergoing Lung Transplant

Given its mechanism of action, concerns have
been raised that nintedanib may increase the
risk of complications such as intraoperative
bleeding or delayed wound healing in patients
undergoing lung transplant. However, data
from a number of real-world studies suggest that
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prior use of nintedanib does not increase intra-
or post-transplant complications [75–81]. In a
multicentre Australian study, there was a trend
toward an increased rate of anastomotic dehis-
cence among patients with took anti-fibrotic
therapy up to the day of transplant (n = 40)
compared to those who did not (n = 186), but
1-year post-transplant survival was higher in the
patients who continued anti-fibrotic therapy
until their transplant [79].

CONCLUSIONS

The evidence available from real-world studies
in patients with IPF supports the safety profile
of nintedanib observed in clinical trials and
described in the product label. Specific com-
parisons of adverse event data between real-
world studies, and between real-world studies
and clinical trials, should be made with caution,
given the distinct patient populations, the dif-
ferent methods of data collection, and the high
dropout rates in real-world studies. In clinical
practice, adjustments of nintedanib dose and
use of anti-diarrhoeal medications are fre-
quently employed to manage adverse events.
Effective management of the adverse events
that may be associated with nintedanib is
important to minimise their impact on patients’
lives and help patients remain on therapy.
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