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Abstract

Background: Nintedanib, an oral tyrosine kinase inhibitor,
has been shown to slow down the progression of idiopathic
pulmonary fibrosis (IPF) in two randomised placebo-con-
trolled trials by reducing the annual decline in forced vital
capacity (FVC). However, real-world experience is limited.
Objective: To assess the efficacy and safety of nintedanib in
alarge cohort of patients treated at a tertiary referral site for
interstitial lung diseases. Methods: The records of patients
with a confirmed diagnosis of IPF were reviewed. Full medi-
cal history, pulmonary function, and adverse events (AEs)
were recorded from each clinic visit. Disease progression
was defined as a reduction in FVC >5% and/or in diffusing
capacity of the lung for carbon monoxide >15% according

to recent publications. Only patients with a treatment dura-
tion >3 months were included in the efficacy evaluation. Re-
sults: A total of 64 patients were treated. Mean * standard
deviation (SD) FVC was 71 = 21% predicted, and the mean
time from diagnosis to initiation of nintedanib treatment
was 23.8 months. Nearly half of patients (n = 30, 47%) had
received prior pirfenidone treatment. The mean duration of
follow-up was 11 months. At 6 months following initiation of
nintedanib, 67% of the patients were stable. The mean + SD
change in percent predicted FVC from baseline was 0.2 +
7.8% at 3 months, -1.3 +£7.9% at 6 months, and -2.1 + 9% at
9 months. Diarrhoea was the most common AE experienced
by 33% of patients and was generally manageable. Conclu-
sion: The results from this real-world clinical setting support
findings from previously conducted clinical trials and show
that nintedanib is effective for the management of IPF and
is associated with disease stabilisation. Nintedanib is gener-

ally well tolerated. ©2018 The Author(s)
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, pro-
gressive lung disease leading to deterioration of respira-
tory function and ultimately the patient’s death. The aver-
age life expectancy following diagnosis is approximately
3 years, as this is the worst of all idiopathic interstitial
pneumonias. The disease significantly affects health-re-
lated quality of life [1] and is also associated with a large
number of comorbidities, which further add to the bur-
den of disease associated with the condition [2, 3]. The
requirement of those comorbidities for concomitant
treatment may also affect the course of the illness [4-6].

Until relatively recently, there was no effective phar-
macological intervention available for the treatment of
IPF, although there are now two approved options: pir-
fenidone and nintedanib. Currently, therapy is aimed at
reducing the decline in lung function associated with IPF,
but cannot stop the course of the disease [7, 8]. Ninte-
danib is an intracellular small-molecule tyrosine kinase
inhibitor that targets multiple tyrosine kinases, including
the vascular endothelial growth factor, fibroblast growth
factor, and platelet-derived growth factor receptors [9].
The receptors inhibited by nintedanib have been shown
to be involved in the development of lung fibrosis, and
simultaneous inhibition of these receptors with ninte-
danib has been shown to be effective in animal models of
pulmonary fibrosis [10].

A phase 2 trial (TOMORROW) [11] and two repli-
cate 52-week, randomised, double-blind, phase 3 trials
(INPULSIS-1 and INPULSIS-2) [12] evaluated the efficacy
and safety of 150 mg nintedanib twice daily compared with
placebo; in both studies nintedanib significantly reduced
the decline in forced vital capacity (FVC) compared to pla-
cebo (the primary endpoint) and had positive effects on
the time to first acute exacerbations, both of which are
consistent with a slowing of disease progression. Based on
these results, nintedanib was approved for the treatment
of IPF by the FDA in 2014 and by the European Commis-
sion in 2015. Nintedanib treatment is generally well toler-
ated and the most frequently reported adverse event (AE)
is diarrhoea [12]. The updated ATS/ERS/JRS/ALAT clini-
cal practice guidelines for the treatment of IPF recom-
mend nintedanib as a treatment option, with consider-
ation of individual patient needs [13].

In addition to data from controlled clinical trials, there
is now a high demand for long-term evidence and real-
world clinical experience in order to gain further insight
into the use of nintedanib in IPF. Results recently pub-
lished in abstract form from the ongoing INPULSIS®-
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ON extension study have confirmed the long-term ben-
efit of nintedanib in reducing disease progression and the
long-term safety and tolerability profile of nintedanib in
patients suffering from IPF [14]. Only minimal data of
patients treated in the real-world setting have been pub-
lished so far and include data from a cohort of 62 patients
treated with nintedanib as part of the German compas-
sionate use programme with a mean treatment duration
14 months [15] and data from a cohort of 124 patients
treated with nintedanib in the UK in which the average
length of treatment was around 9 months [16]. These
findings confirmed the results of controlled trials.

The aim of the current analysis was to assess the effi-
cacy and safety of a large cohort of IPF patients treated
with nintedanib at a tertiary referral site for interstitial
lung diseases in a real-world setting.

Methods

Patients

We retrospectively analysed the clinical records of all patients
with IPF treated with nintedanib outside of a study context at our
tertiary referral centre for interstitial lung diseases in Germany
[17]. The ethics committee of the University of Heidelberg ap-
proved theretrospective analyses of our patient cohort (S-318/2013,
University of Heidelberg). Patient data was anonymised prior to
analysis.

To be eligible for treatment and inclusions in our analyses, pa-
tients were required to have a confirmed multidisciplinary team
diagnosis of IPF in accordance with the ATS/ERS/JRS/ALAT con-
sensus guidelines [18] and the German guideline for diagnosis and
treatment of IPF [19].

Nintedanib Treatment

The decision to start nintedanib treatment was based on a mul-
tidisciplinary confirmed diagnosis of IPF, shared decision making
with the patient based on disease severity, the presence of comor-
bidities and its drug treatments, the individual history of the pa-
tient, and patient preferences. In our clinical practice, disease pro-
gression is defined as worsening of symptoms and a decline in FVC
predicted >10% and/or radiological progression. For patients pre-
viously treated with pirfenidone, these criteria were also used as
the reason for switching from pirfenidone to nintedanib. In case
of intolerability to pirfenidone despite supportive measures, a
switch to nintedanib was offered. All patients provided informed
consent to initiate treatment.

Nintedanib was given as continuous oral treatment in accor-
dance with the manufacturer’s recommendations. Treatment
schedules were collected with the following standard: treatment
was started at a dose of 150 mg twice daily; dose reduction to
100 mg twice daily was undertaken for the management of AEs
with the intention to re-titrate to 150 mg twice daily permitted
upon resolution of the event. A dose reduction below 100 mg twice
daily was not performed. Temporary interruption of treatment for
the management of AEs was clinical practice, as were concomitant
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medications, provided they were given in accordance with the
manufacturer’s instructions. In case of ongoing or recurrent AEs,
the decision to stop the treatment with nintedanib was discussed
with the patient.

Clinical Evaluation

At the time of diagnosis, a full medical history was obtained,
including previous and concomitant medication use and details of
comorbidities. Prior to the initiation of nintedanib, pulmonary
function tests were performed assessing FVC, forced expiratory
volume in 1 s, single-breath diffusing capacity of the lung for car-
bon monoxide (DLgp), 6-min walk test, and high-resolution com-
puted tomography [20]. The details of all previous treatments for
IPF were recorded, along with reasons for switching to nintedanib
if applicable.

Following treatment initiation, all patients were routinely eval-
uated according to the standard of care in our department, which
includes a first follow-up visit 4 weeks after treatment initiation
followed by regular clinic follow-up visits every 3 months. Full pul-
monary function testing including DLco was performed every
3 months along with arterial blood gas sampling. Liver function
monitoring was conducted on a monthly basis during the first
3 months after treatment initiation and at least every 3 months
thereafter in line with the manufacturer’s recommendations. In-
formation on oxygen requirement, treatment-related AEs and se-
vere AEs, treatment compliance, interruptions for any reason, and
hospitalisations were also recorded at each treatment visit.

Acute exacerbations of IPF were defined based on the criteria
proposed by Collard et al. [21].

Data Analysis and Evaluation

All patients were required to have a follow-up and/or intake of
nintedanib >3 months to be included in the efficacy evaluation.
Patients without a follow-up visit following diagnosis were also
excluded from additional analysis. Disease progression under
nintedanib was defined as an absolute decline in FVC predicted
>5% and/or an absolute decline in DL¢g 215% at any time point
according to du Bois et al. [22].

Normal data distribution was tested using the Shapiro-Wilk
normality test with data presented as mean + standard deviation
(SD). The GraphPad Prism 6 software (San Diego, CA, USA) was
used for statistical analysis.

Results

Patients

A total of 64 patients with IPF received treatment with
nintedanib at our centre over the course of this evaluation
between June 2014 and November 2016; all patients re-
turned for follow-up visits and had post-baseline follow-
up data available for analysis. Patient demographics and
baseline clinical characteristics are shown in Table 1. The
majority of patients were male (n = 55, 86%) and ex-
smokers (n = 44, 69%). There was a high level of comor-
bidity, most commonly hypertension (n = 28, 44%). Pul-
monary function was restrictive: mean + SD FVC was

Nintedanib for Idiopathic Pulmonary
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Table 1. Patient demographics and baseline clinical characteristics
(n=64)

Characteristic
Sex
Male 55 (85.9%)
Female 9 (14.1%)
Age, years 70.3 (6.8)
Body mass index 27.5(4.3)
Time since diagnosis (range), months 23.8 (0-103)

Smoking status

Ex-smoker 44 (68.8%)
Non-smoker 20 (31.3%)
Comorbidities

28 (43.8%)
21 (32.8%)
16 (25.0%)
21 (32.8%)

Arterial hypertension
Coronary artery disease
Diabetes mellitus II
Gastroesophageal reflux disease

Pulmonary hypertension 5(7.8%)
Obstructive sleep apnoea syndrome 9 (14.1%)
Stroke 2 (3.1%)
Transient ischemic attack 1(1.6%)
Peripheral artery disease 4 (6.3%)
Atrial fibrillation 7 (10.9%)
Emphysema 9 (14.1%)
Concomitant medication at baseline
Antihypertensive drugs 28 (43.8%)

22 (34.4%)
18 (28.1%)

Proton pump inhibitors
Acetylsalicylic acid monotherapy

Metformin/insulin 10 (15.6%)
Anticoagulants 7 (10.9%)
Statins 20 (31.3%)
N-acetylcysteine 5(7.8%)
Acetylsalicylic acid + anticoagulants 3 (4.7%)

Prior treatments for IPF

Pirfenidone 29 (45.3%)
N-acetylcysteine monotherapy 26 (40.6%)
Corticosteroids 10 (15.6%)
Immunosuppressants 5(7.8%)
Trial medication 3 (4.7%)
N-acetylcysteine and pirfenidone 1 (1.6%)

None 19 (29.7%)
Baseline lung function
Forced vital capacity, % predicted
DL¢o, % predicted
Computed tomography diagnosis
UIP pattern present
UIP pattern present and emphysema

Possible UIP pattern present

71 (21)
37 (10)

51 (79.7%)
10 (15.6%)
13 (20.3%)

Biopsy
Video-assisted thoracoscopic 24 (37.5%)
Cryo 4(6.3%)
Baseline 6-min walk distance, m 390 (99)

Values are presented as n (%) or mean (standard deviation),
unless indicated otherwise. DL, diffusing capacity of the lung for
carbon monoxide; IPF, idiopathic pulmonary fibrosis; UIP, usual
interstitial pneumonia.
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9 months
(n=37)

6 months
(n =49)

Follow-up time

3 months
(n = 54)

M No decline
M FVC 5-10%

M FVC <5%
FVC >10%

53% 14% 18%

57% 20% 13%

o

Fig. 1. Categorical change in forced vital
capacity (FVC) at different follow-up time
points. n represents the number of patients
with data at that time point.

1
100
Patients, %

71 + 21% predicted with a moderate reduction in DL¢o
of 37 + 21% predicted. The mean time from diagnosis to
initiation of nintedanib treatment was 23.8 months.
Before initiating treatment with nintedanib, almost
half of patients (n = 30, 47%) had been treated with pir-
fenidone. The reasons for discontinuation of previous
pirfenidone treatment included intolerability (n = 21,
33%) or disease progression (as defined above) under pir-
fenidone (n =9, 14%). Previous treatment with N-acetyl-
cysteine was also common (n = 27, 42%), with 1 patient
having previously received N-acetylcysteine in combi-
nation with pirfenidone. Nineteen patients (30%) were
treatment-naive at the start had of nintedanib therapy.

Nintedanib Treatment

The mean duration of follow-up after initiating nin-
tedanib treatment was 11 months and ranged from
1 month to 29 months. At the time of this analysis, 46 pa-
tients (72%) remained on nintedanib. Eighteen patients
(28%) had permanently discontinued treatment; 11 pa-
tients had died while on treatment (disease progression:
n =10, 16%; AEs: n = 1, 2%), and 7 patients had discon-
tinued treatment due to AEs. AEs leading to discontinu-
ation included diarrhoea (n = 5, 8%), disease progression
(n =1, 2%), and development of small-cell lung cancer
(n=1,2%).

The majority of patients (n = 56, 88%) received treat-
ment at the recommended dose of 150 mg nintedanib

4 Respiration
DOI: 10.1159/000485933
I

twice daily, while 8 patients (13%) required a permanent
dose reduction to 100 mg nintedanib twice daily due to
diarrhoea and anorexia. Temporary interruption of treat-
ment was required in 5 patients due to AEs (diarrhoea:
n = 4, 6%; liver enzyme elevations: n = 1, 2%). No con-
comitant treatment with pirfenidone was given, although
5 patients receiving N-acetylcysteine at baseline contin-
ued to receive N-acetylcysteine treatment while receiving
nintedanib.

Disease Outcome under Nintedanib Treatment

The data of 10 patients were not included in the analy-
sis as duration of treatment was <3 months. Reasons for
treatment duration <3 months included insufficient fol-
low-up period reached (n = 1, 2%), discontinuation of
treatment (n = 3, 5%), and death (n = 6, 9%). Of the 64
patients treated with nintedanib in this retrospective
analysis, FVC data were available for 54 patients (84%) at
3 months post treatment, 49 patients (77%) at 6 months
post treatment, and 37 patients (58%) at 9 months post
treatment.

The categorical change in FVC at 3, 6, and 9 months
after the initiation of nintedanib therapy is shown in Fig-
ure 1. At 6 months following initiation of nintedanib, 33
of 49 patients (67%) were classified as having stable dis-
ease as defined by a decline in FVC <5% from baseline;
the majority of these patients (n = 26, 53%) experienced
no decline in FVC at 6 months. The remaining 16 patients

Brunnemer et al.
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Fig. 2. Mean change in percent predicted forced vital capacity (FVC) over the course of treatment in all patients
(n = 54) (a) and by disease status at 3 months (b). Data are presented as means + SD.
Nintedanib for Idiopathic Pulmonary Respiration 5

Fibrosis DOI: 10.1159/000485933


http://dx.doi.org/10.1159%2F000485933

160
120
2 100 T e
E - —— —
(5 —
s 80 - - ~ —1
—t—
J ————
z 60+ T = T
i —t— X
= v
40
20
0 T T T T T T 1
9 months pre- 6 months pre- 3 months pre-  Nintedanib 3 months 6 months 9 months
nintedanib nintedanib nintedanib baseline

Fig. 3. Change in percent predicted forced vital capacity (FVC) for patients previously treated with pirfenidone.
The black line represents the mean + standard deviation for all patients.

(33%) were classified as experiencing disease progression.
At 9 months following initiation of nintedanib, the pro-
portion of patients with stable disease remained high
(n=230f37,62%).

The course of pulmonary function after initiation of
treatment with nintedanib measured using FVC is shown
in Figure 2a. FVC decline was grouped into four catego-
ries according to data previously published by Nathan et
al. [23] and Richeldi et al. [24] (Fig. 2b). The mean + SD
change in percent predicted FVC from baseline was 0.2 +
7.8% at 3 months, -1.3 + 7.9% at 6 months, and -2.1
9.0% at 9 months. Similar results were observed in the
subgroup of patients who received prior treatment with
pirfenidone (n = 30). In these patients the mean + SD
change in percent predicted FVC from baseline was -0.7
+ 6.6% at 3 months, -2.8 + 7.4% at 6 months, and -2.3 +
6.8% at 9 months.

The pretreatment data for patients previously receiv-
ing pirfenidone are shown in Figure 3; disease stabilisa-
tion was achieved on an individual patient basis. The
mean change in FVC in patients receiving concomitant
treatment with anticoagulants was 1.1 £ 8.5% at month 3,
-1.9 + 8.5% at month 6,and -3.7 = 11.8% at month 9, and
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in patients receiving concomitant treatment with statins
it was 0.7 + 15.9% at month 3, 0.3 + 15% at month 6, and
-1.5 £ 20.5% at month 9. Patients with coronary artery
disease had a slightly slower decline in FVC compared
to those without coronary artery disease after 3 months
(0.2 +£8.7vs.0.3 +7.7%), 6 months (-0.9 £ 6.8 vs. -1.4 +
8.4%), and 9 months (0.1 + 11.8 vs. -2.9 + 8.4%). Similar
to this, patients with arterial hypertension had a slightly
slower decline in FVC compared to patients without ar-
terial hypertension at 3 months (1.4 + 10.7 vs. 0.4 £+ 5%),
6 months (0.8 + 7.8 vs. -2.6 + 7.8%), and 9 months
(-1.1 £ 10.8 vs. -2.7 + 8.5%).

Patients with IPF and coexistent emphysema had a
more extensive smoking history (22.5 + 14.6 pack-years)
compared to patients without emphysema (14.9 + 20.8
pack-years). Comparison of pulmonary function data at
the initiation of nintedanib treatment showed slightly
higher mean FVC (77.3%) and lower mean DL (32.1%)
parameters compared to patients without emphysema.
Of the 10 patients with emphysema, 2 died before the first
follow-up at 3 months and 8 had no decline in FVC at
3 months.
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Table 2. Adverse events reported over the period of observation

Adverse event

Any adverse event 27 (42.2%)

Diarrhoea 21 (32.8%)
Nausea 2 (3.1%)
Weight loss 5(7.8%)
AST/ALT increase >3x ULN 1(1.6%)
Dizziness 1(1.6%)
Bleeding (hematoma)! 1(1.6%)

Valuesare presented as n (%). ALT, alanine transaminase; AST,
aspartate transaminase; ULN, upper limit of normal. ! Bleeding
occurred under continued treatment with acetylsalicylic acid and
anticoagulants.

Tolerability of Nintedanib Treatment

AEs reported over the period of observation are shown
in Table 2. At least one AE was reported by 42% of pa-
tients. Diarrhoea was the most common AE experienced
by 21 patients (33%). Diarrhoea was managed by tempo-
rary discontinuation in 4 cases, dose reduction to 100 mg
twice daily in 8 cases, or concomitant therapy with loper-
amide on a regular or occasional basis.

Serious AEs reported during the observation period
included 11 patients (17%) who experienced acute exac-
erbations of IPF. All acute exacerbations required hospi-
talisation and were treated with high doses of corticoste-
roids and antibiotics. One patient died as a result of acute
exacerbation of IPF. One patient with a pulmonary em-
bolism required hospitalisation, and 1 patient with a non-
ST elevation myocardial infarction required percutane-
ous transluminal coronary angioplasty. Additional rea-
sons for hospitalisation included pneumonia (n = 2),
lower respiratory tract infection (n = 2), requirement for
palliative care (n = 3), and small-cell lung cancer (n = 2).

Discussion

The findings from this large cohort of patients with
IPF treated in the real-world setting suggest that ninte-
danib treatment is associated with disease stabilisation, as
measured by FVC, in the majority of IPF patients, includ-
ing those with cardiovascular and other comorbidities.
Treatment was generally well tolerated with a manageable
AE profile.

Real-world data provide important insight into the
value of treatments in clinical practice, supplementing

Nintedanib for Idiopathic Pulmonary
Fibrosis

data collected in controlled clinical trials, and help pro-
vide insight into the many areas of uncertainty [25]. The
demographic characteristics of the patients reported in
this study, including age, sex distribution, and smoking
history, were broadly similar to those reported in the pre-
vious INPULSIS trials [11] as well as to those reported in
other real-world reports [15, 16], reflecting the typical pa-
tient demographic characteristics of patients with IPF.
Subgroup analyses of the INPULSIS trials have shown
that the treatment effects of nintedanib are consistent
across patient subgroups, including sex, age, smoking sta-
tus, and baseline respiratory functions measured using
baseline percent predicted FVC [26]. However, baseline
respiratory function was markedly lower (nearly 10%) in
our patient cohort than in the INPULSIS studies. As such,
our data provide support for the benefits of nintedanib in
a patient population with more severe disease at baseline;
nintedanib treatment was associated with stable disease
at 6 months, as measured by FVC, in the majority (67%)
of patients. The baseline respiratory function reported in
our real-world cohort was similar to that in patients treat-
ed in other real-world analyses [15, 16].

In contrast to the patient population treated in the
INPULSIS studies, a substantial proportion of our study
population had clinically relevant comorbid conditions
requiring specific concomitant medications; nearly half
of the patients had hypertension, and one-third had coro-
nary artery disease. Changes in FVC in patients with cor-
onary artery disease and arterial hypertension suggest
that these patients also benefit from treatment.

The coexistence of upper lobe emphysema in patients
with IPF is increasingly recognised and is associated with
especially poor lung function [27]. The proportion of pa-
tients with coexistent radiological features of IPF and em-
physema in our study was 16% and was similar to that
reported previously in a cohort of patients treated with
pirfenidone at our centre [17], although lower than re-
ported in the INPULSIS studies (39%) [28]. Patients with
emphysema treated with nintedanib in our study had no
decline in FVC over the course of treatment, although the
follow-up period was perhaps too short to draw conclu-
sions. Further parameters such as DL¢q, 6-min walk test,
capillary blood gas analysis, or radiological findings com-
plementary to FVC are useful to assess disease stability
and progression. However, post hoc analyses from the
INPULSIS trials had shown that the clinical benefit of
nintedanib is independent of the presence of emphysema
at baseline [26].

Acute exacerbations of IPF were more commonly re-
ported in our cohort (17%) than previously reported with
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nintedanib treatment in either the German compassion-
ate use programme (11%) [15], the INPULSIS studies
(5%) [12], or the ranges typically reported in treated and
untreated patient populations (8-15%) [26]. The in-
creased rate of acute exacerbations reported here is most
probably the results of more advanced disease in our pa-
tient population than in previous studies, as indicated by
alonger time since first diagnosis (33 months). Addition-
ally, the majority of patients in our study initiated treat-
ment during the winter period, and subsequently a high-
er risk of infection at this time may have triggered acute
exacerbations.

As would be expected, the tolerability profile reported
here is based on the known tolerability profile of ninte-
danib. The overall reported rates of AEs were typically
lower than those reported in the INPULSIS studies, but
this would be expected based on differences in the meth-
odologies for collecting such data. In agreement with re-
sults from clinical trials and other real-world reports, the
most frequent events were gastrointestinal in nature,
most commonly diarrhoea, although diarrhoea does not
commonly lead to discontinuation of treatment and is
manageable with dose reduction and treatment interrup-
tion. The tolerability profile in this cohort of patients,
which had substantially higher rates of comorbidity and
concomitant medication use than patients treated in con-
trolled trials, provides further reassurance for the use on
nintedanib in clinical practice. Importantly, given the
presence of substantial cardiovascular morbidity in this
patient cohort, the rates of major adverse cardiovascular
events, bleeding, and pulmonary embolism were very
low.

Our data provide growing support for the clinical use
of nintedanib as a treatment option for patients with IPF
from a relatively large cohort of patients with IPF treated
in the real-world setting. However, the findings of our
study need to be considered in the context of study limi-
tations which include the retrospective nature of data col-
lection and the heterogeneous patient population that in-
cluded patients with and without prior antifibrotic treat-
ment exposure. Furthermore, it should be noted that
information on treatment compliance was not available.
It should also be noted that 5 patients included in this
study were also included in the previously reported anal-
ysis of 62 patients with IPF treated with nintedanib with-
in a compassionate use programme [15]; however, the
follow-up time of these patients reported here was sub-
stantially longer and thus previous provided justification
for their inclusion.
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Conclusion

The results from the real-world clinical setting support
findings from previously conducted clinical trials that
nintedanib is associated with disease stabilisation while
on treatment in patients with IPF and is generally well
tolerated. Importantly, serious AEs such as bleeding and
major adverse cardiovascular events were low in this real-
world setting in a diverse patient population with diverse
comorbidities and concomitant medications.
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