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ABSTRACT

Introduction: Nintedanib is recommended for
the treatment of idiopathic pulmonary fibrosis
(IPF); however, treatment discontinuation due

to adverse events (AEs) is common. A large-scale
post-marketing surveillance study is investigat-
ing the real-world tolerability/safety of ninte-
danib in Japanese patients with IPF in routine
clinical practice. Here, we report a 12-month
interim analysis of this study.
Methods: The study included Japanese patients
with IPF who started nintedanib between 31
August 2015 and 25 December 2018. The pri-
mary outcome was the frequency of adverse
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drug reactions (ADRs), defined as AEs for which
a causal relationship with nintedanib could not
be excluded. The secondary outcome was
change from baseline in forced vital capacity
(FVC). Outcomes were analysed in patients who
stopped (‘discontinued’ subgroup) and contin-
ued (‘continued’ subgroup) nintedanib after
12 months. A multivariate analysis was per-
formed to determine potential risk factors for
treatment discontinuation.
Results: Of 5578 patients in the safety analysis
set, 2795 (50.1%) discontinued nintedanib
within 12 months of treatment initiation.
Overall, 3767 patients (67.5%) had ADRs, with
1356 (24.3%) discontinuing nintedanib because
of an ADR. Among patients in the ‘discontin-
ued’ subgroup (n = 2795), 1442 (51.6%) dis-
continued because of an ADR. The most
common ADRs causing discontinuation within
3 and 12 months were hepatic function abnor-
mal (n = 137/730; 18.8%) and diarrhoea
(n = 190/1442; 13.2%), respectively. At
12 months, the decrease in FVC from baseline
was smaller in the ‘continued’ versus the ‘dis-
continued’ subgroup (adjusted mean ± stan-
dard error change - 104.4 ± 10.9 ml vs.
- 311.2 ± 29.2 ml). Stage III/IV IPF and FVC\
70% predicted at baseline were risk factors for
early treatment discontinuation.
Conclusion: About 50% of Japanese patients
with IPF discontinued nintedanib within the
first year of treatment, with worse lung function
being associated with an increased risk of early
treatment discontinuation.Trial registration:
ClinicalTrials.gov: NCT02607722; European
Union electronic register of Post-Authorisation
Studies: EUPAS10891.

Keywords: Adverse drug reactions; Idiopathic
pulmonary fibrosis; Nintedanib; Post-marketing
surveillance study; Safety

Key Summary Points

Why carry out this study?

Nintedanib is recommended in patients
with idiopathic pulmonary fibrosis (IPF)
to slow the progressive decline in lung
function

Real-world data indicate that rates of
nintedanib discontinuation are high,
particularly among Japanese patients,
with adverse events being the most
common reason for stopping treatment

The primary objective of this large-scale
post-marketing surveillance study was to
describe the real-world safety and
tolerability of nintedanib in Japanese
patients with IPF as well as to identify
potential risk factors for treatment
discontinuation and evaluate the effect of
treatment on lung function

What was learned from the study?

About 50% of Japanese patients with IPF
discontinued treatment within the first
year of treatment, with age C 75 years,
male sex, body surface area\1.58 m2,
stage III/IV IPF and forced vital
capacity\ 70% predicted at baseline
being associated with an increased risk of
early treatment discontinuation

Adverse drug reactions, which caused over
half of the nintedanib discontinuations,
should be first managed with nintedanib
dose reduction or interruption rather than
permanent discontinuation to prevent
further worsening of lung function and
clinical status

Nintedanib treatment should be initiated
early in the disease course to maximise
clinical benefit and treatment persistence
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INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) affects
approximately 27 in 100,000 people in Japan,
with the prevalence higher in men than in
women and highest in those aged 75–79 years
[1]. IPF is progressive and irreversible, and the
median survival time from diagnosis is
35 months in Japan [2].

Treatment options for IPF are limited, but
Japanese and international guidelines recom-
mend the antifibrotic agent pirfenidone or the
tyrosine kinase inhibitor nintedanib to slow the
progressive decline in lung function [3, 4]. In
the INPULSIS-1 and -2 trials, nintedanib signif-
icantly slowed the annual decline in forced vital
capacity (FVC) compared with placebo in
patients with IPF [5]. In a prespecified pooled
analysis of the INPULSIS trials, nintedanib was
associated with a numerically lower risk of first
acute exacerbation compared with placebo [5],
and a pooled analysis of the INPULSIS and
TOMORROW trials showed a significant reduc-
tion in the risk of acute IPF exacerbations with
nintedanib [6]. In these studies, adverse events
(AEs) that commonly occurred at a higher rate
with nintedanib than with placebo were diar-
rhoea and elevated liver enzyme levels [5]. In
patients who continued nintedanib therapy
during an open-label extension of the INPULSIS
trials (INPULSIS-ON), diarrhoea was the most
frequent AE [7]. In a Japanese subgroup analysis
of the INPULSIS trials, 75% of patients devel-
oped diarrhoea and 18.4% developed abnormal
hepatic function [8]. In this subgroup analysis,
diarrhoea was of mild-to-moderate severity and
reversible for most patients (54/57; 94.7%), but
two patients discontinued nintedanib because
of diarrhoea. Overall, 25% of patients in the
Japanese subgroup discontinued nintedanib
because of AEs, 3.5% discontinued because of
severe diarrhoea and 2.6% discontinued
because of increased hepatic enzyme levels [8].

Randomised clinical trial data have limited
external validity and do not always reflect the
results of treatment in a real-world setting [9].
Real-world data from the UK, Greece, the USA
and Germany indicate that between 11 and
26% of patients discontinue treatment with

nintedanib [10–14]. Data from Asia, however,
suggest that about 50% of patients who start
nintedanib for IPF stop taking it within
12 months. Two Japanese studies reported that
47–51% of patients taking nintedanib for IPF
discontinued treatment within 12 months and
that AEs were the most common reason for
discontinuation [15, 16]. Similarly, a study in
Korea reported that 53% of IPF patients taking
nintedanib discontinued treatment because of
an AE [17].

Therefore, we undertook a large-scale
prospective post-marketing surveillance study
on the safety and tolerability of nintedanib, as
well as persistence rates, in Japanese patients
with IPF starting nintedanib treatment during
routine clinical practice. The primary objective
was to describe the real-world tolerability and
safety of nintedanib in this setting. This study
also investigated potential risk factors for treat-
ment discontinuation and examined the effects
of nintedanib on lung function. Here, we report
an interim analysis of this study using data up
to 12 months.

METHODS

Study Design

This was a prospective, non-interventional, all-
case post-marketing surveillance study
(NCT02607722, EUPAS10891) to assess the
safety and effectiveness of nintedanib in Japa-
nese patients with IPF. The study was conducted
at institutions in Japan with respiratory spe-
cialists who had access to nintedanib during the
study period and were able to comply with the
study protocol.

Patients starting treatment with nintedanib
were registered by their attending physician
anonymously using electronic and paper case
report forms (CRFs) through a central registra-
tion system managed by the study sponsor,
Boehringer Ingelheim. CRFs were completed for
all patients who started nintedanib treatment
by 15 October 2017 and for those who started
nintedanib on or after 16 October 2017 and in
whom it was judged necessary to complete a
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CRF by the Boehringer Ingelheim study
coordinator.

The primary outcome was the frequency of
patients with any suspected adverse drug reac-
tions (ADRs), i.e. AEs for which the causal rela-
tionship with nintedanib could not be excluded
by either the investigator or sponsor (or both).
The secondary outcome of this study was abso-
lute change from baseline in FVC (ml) at Week
104.

This post-marketing surveillance study was
conducted under the direction of the Ministry
of Health, Labour and Welfare (MHLW) and the
protocol was approved by the MHLW before
study initiation. Participating institutes were
contracted by Boehringer Ingelheim. As per the
Japanese Pharmaceutical and Medical Device
Act, the study was conducted in accordance
with Good Post-marketing Study Practice
(GPSP) guidance. Furthermore, as per GPSP
guidance, the study was exempt from protocol
review and approval by ethics committees of
the participating institutions and exempt from
the requirement for the collection of informed
consent from patients, unless such procedures
were specifically required by the participating
institutions.

Patients and Treatment

Patients who were diagnosed with IPF by their
attending physician, according to the most
recent American Thoracic Society/European
Respiratory Society/Japanese Respiratory Soci-
ety/Latin American Thoracic Society guidelines
at the time of patient enrolment [4], and started
nintedanib in Japan between 31 August 2015
and 25 December 2018 were enrolled and fol-
lowed for 2 years or until treatment discontin-
uation. IPF diagnosis at University Hospitals
and Centre Hospitals involved multidisciplinary
discussion, while diagnosis at the other centres
was mainly dependent on the attending physi-
cian’s judgement.

Nintedanib 150 mg twice daily (bid; i.e.
300 mg/day) was administered after meals in
accordance with the package insert, but a dose
increase or decrease was also permitted at the
investigator’s discretion.

Data Collection

At enrolment, the physician recorded the site,
treatment, doctor’s name, patient identification
number, sex, date of birth, smoking history,
height, body weight, comorbidities and baseline
medications, IPF severity stage using Japanese
guidelines [18], complete medical and IPF his-
tory, vital signs, baseline laboratory test results,
previous treatments for IPF, start date for nin-
tedanib treatment, reason for prescribing nin-
tedanib, previous use of nintedanib, dose of
nintedanib prescribed and any potential
contraindications.

Clinical data, including actual nintedanib
dosage, pulmonary function test results and
AEs, were recorded at approximately Week 4,
13, 26, 39, 52, 65, 78, 91 and 104 after the ini-
tiation of nintedanib, as long as the patients
continued to receive treatment. In this report,
the data up to 52 weeks were evaluated.

AEs were classified by using preferred terms
in the Japanese version of the Medical Dic-
tionary for Regulatory Activities (MedDRA)
version 23.0. Based on previous experience with
nintedanib, special attention was paid to the
occurrence of diarrhoea and hepatic function
disorders; the latter was defined by abnormali-
ties in any liver enzyme parameter (i.e. alanine
aminotransferase, aspartate aminotransferase,
alkaline phosphatase and gamma glutamyl
transferase), hepatic function test or blood
bilirubin level or any of the following MedDRA
preferred terms (PTs): hypoalbuminaemia,
hyperammonaemia, hepatic encephalopathy,
ascites, hepatic function abnormal, liver disor-
der, drug-induced liver injury, liver injury,
hyperbilirubinaemia, cholestasis, hepatic cir-
rhosis, jaundice, hepatobiliary disease or con-
gestive hepatopathy.

Statistical Analysis

The target sample size was 1000 patients. Based
on previous clinical studies with nintedanib
[19], a sample size of 1000 would have 95%
power to detect any ADR in at least one patient
occurring at a frequency of C 0.3%. This post-
marketing surveillance study was conducted as
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a Japanese Pharmaceutical Medical Device Act
approval condition for nintedanib; this condi-
tion was removed after the target number of
patients was reached.

The safety analysis set included all patients
who received at least one dose of nintedanib
and had at least one post-baseline study visit.

The effectiveness analysis set included all
patients who received nintedanib according to
the approved product label (i.e. not off-label)
and had at least one post-baseline effectiveness
evaluation.

Most analyses were descriptive, using mean
and standard deviation (SD), median and quar-
tiles 1 and 3 (Q1 and Q3) and frequency. For
safety outcomes, incidence rates and 95% con-
fidence intervals (CIs) were calculated. Change
from baseline in effectiveness outcomes (con-
tinuous variables) were analysed using Mixed
Effects Model for Repeated Measures (MMRM),
with fixed effects for visit, sex, baseline age,
baseline height, baseline FVC (absolute or %
predicted) and baseline FVC (absolute or %
predicted)-by-visit interaction and random
effect for patient. These are presented using
adjusted means and standard error (SE).

Two patient subgroups were analysed: (1)
patients who stopped nintedanib before
12 months, classified as the ‘discontinued’ sub-
group; (2) patients who were still taking ninte-
danib at 12 months, classified as the ‘continued’
subgroup. In these groups the odds ratio and
95% CIs for discontinuation rate were calcu-
lated by each baseline characteristic.

Logistic regression analysis was used to con-
duct a multivariate analysis to determine
potential risk factors associated with nintedanib
treatment discontinuation; the independent
variables included in the model were age, sex,
body surface area (BSA;\1.58 m2 or C 1.58
m2), IPF severity stage, FVC % predicted, diar-
rhoea (ADR) and liver dysfunction (ADR) within
12 months. For the BSA variable, the threshold
of 1.58 m2 was used to define low versus high
BSA subgroups because this BSA value was pre-
viously shown to have maximal sensitivity and
specificity in predicting hepatotoxicity risk with
nintedanib [20].

RESULTS

Patient Disposition and Characteristics

As of 15 October 2020, 5597 patients from 1011
institutions had confirmed evaluable data. Of
these, 19 patients were excluded from analysis
because no visit after the registration visit was
recorded (n = 18) or because they did not
receive treatment with nintedanib (n = 1).
Therefore, the safety analysis set included 5578
patients.

The effectiveness analysis set included 3004
patients; 2574 patients were excluded because
no effectiveness data were recorded (n = 2554)
and/or because nintedanib was being used off-
label (i.e. IPF had not been diagnosed; n = 56).

The baseline characteristics of patients in the
safety analysis set are shown in Table 1. This
population included 4353 men (78.0% of
patients), and 3936 patients (70.6%) were cur-
rent or former smokers. Among 4273 patients
whose IPF severity stage was evaluated, 1482
patients (34.7%) had stage IV IPF severity. The
mean (SD) age of the cohort was 71.8 (8.1) years,
and the mean (SD) weight, BMI and BSA were
59.4 (12.5) kg, 22.8 (3.9) kg/m2 and 1.62 (0.19)
m2, respectively. The mean (SD) FVC at baseline
was 2114.1 (717.1) ml and 69.3 (38.1) % pre-
dicted. Previous treatment for IPF had been
received by 1315 patients (23.6%) and 1329
patients (23.8%) received corticosteroid treat-
ment at baseline.

The baseline characteristics of patients who
completed 12 months of treatment (‘continued’
subgroup; n = 2509) and those who did not
(‘discontinued’ subgroup; n = 2795) are shown
in Table 2. Two hundred seventy-four patients
who were observed for\12 months and were
still on treatment were excluded from this
analysis. Body weight [mean (SD) 62.1 (12.1) vs.
56.8 (12.2) kg], BMI [23.7 (3.7) vs. 22.0 (4.0) kg/
m2] and BSA [1.66 (0.18) vs. 1.58 (0.19) m2] in
the ‘continued’ subgroup were higher than in
the ‘discontinued’ subgroup. A higher propor-
tion of patients with stage III or IV IPF were in
the ‘discontinued’ subgroup than in the ‘con-
tinued’ subgroup (54.8% vs. 45.2%), whereas a
higher proportion of patients with stage I or II
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Table 1 Baseline patient demographic and clinical char-
acteristics and nintedanib treatment pattern

All patients
(N = 5578)

Age, years

Mean (SD) 71.8 (8.1)

Median 73.0

\ 75 years, n (%) 3373 (60.5)

C 75 years, n (%) 2205 (39.5)

Sex, n (%)

Male 4353 (78.0)

Female 1225 (22.0)

Body weight, kg (n = 5291)

Mean (SD) 59.4 (12.5)

Median 59.1

BMI, kg/m2 (n = 5261)

Mean (SD) 22.8 (3.9)

Median 22.8

BSA, m2 (n = 5261)

Mean (SD) 1.62 (0.19)

Median 1.62

BSA category, n (%)

\ 1.58 m2 2147 (38.5)

C 1.58 m2 3114 (55.8)

Data missing 317 (5.7)

Current or previous smoking history,
n (%)

3936 (70.6)

IPF severity stage, n (%) (n = 4273)

I 1059 (24.8)

II 219 (5.1)

III 1004 (23.5)

IV 1482 (34.7)

Data missing 509 (11.9)

FVC, ml, mean (SD) (n = 4838)

Mean (SD) 2114.1 (717.1)

FVC, % predicted (n = 4410)

Mean (SD) 69.3 (38.1)

Median 67.0

Table 1 continued

All patients
(N = 5578)

FVC % predicted category, n (%)

\ 70% 2456 (44.0)

C 70% 1954 (35.0)

Data missing 1168 (20.9)

Previous treatment for IPF, n (%) 1315 (23.6)

Pirfenidone 1036 (18.6)

Corticosteroids 231 (4.1)

Immunosuppressants 117 (2.1)

Baseline IPF medication,a n (%) 1793 (32.1)

Corticosteroids 1329 (23.8)

Pirfenidone 205 (3.7)

Immunosuppressants 305 (5.5)

Cyclosporine 181 (3.2)

Tacrolimus 73 (1.3)

Azathioprine 41 (0.7)

Nintedanib treatment during observation period

Initial starting dose, n (%)

100 mg bid 736 (13.2)

150 mg bid 4686 (84.0)

Other 128 (2.3)

Data missing 28 (0.5)

Dose changes, n (%)

Change from 150 ? 100 mg bid 1644/4686 (35.1)

Change from 100 ? 150 mg bid 173/736 (23.5)

Time to first dose reduction, days (n = 1773)

Mean (SD) 141.9 (151.0)

Median 83.0

bid twice daily, BMI body mass index, BSA body surface area, IPF
idiopathic pulmonary fibrosis, FVC forced vital capacity, SD
standard deviation
aIncluding drugs for treatment of acute exacerbation, regardless of
other treatment use
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IPF were in the ‘continued’ subgroup than in
the ‘discontinued’ subgroup (57.5% vs. 42.5%).
Patients with a higher stage (III or IV) disease
were more likely to discontinue treatment than
those with a lower stage (I or II) disease (odds
ratio 1.64; 95% CI 1.43–1.89).

Among patients with BSA C 1.58 m2, the
proportion of patients in the ‘continued’ sub-
group was higher than in the ‘discontinued’
subgroup (54.3% vs. 45.7%). In contrast, among
patients with BSA\ 1.58 m2, the proportion of
patients in the ‘continued’ subgroup was lower
than in the ‘discontinued’ subgroup (37.9% vs.
62.1%), suggesting that patients with a lower
BSA were more likely to discontinue treatment
than those with a higher BSA (odds ratio 1.95;
95% CI 1.74–2.18).

Baseline mean FVC, as an absolute or as a
percentage predicted value, was lower in the
‘discontinued’ than in the ‘continued’ subgroup.
Furthermore, among patients with FVC C 70%
predicted, the proportion of patients in the
‘continued’ subgroup was higher than in the
‘discontinued’ subgroup (61.1% vs. 38.9%). In
contrast, among patients with FVC\70% pre-
dicted, the proportion of patients in the ‘con-
tinued’ subgroup was lower than in the
‘discontinued’ subgroup (41.1% vs. 58.9%), sug-
gesting that patients with better disease control
(FVC C 70% predicted) were less likely to dis-
continue treatment than those with an FVC\
70% predicted (odds ratio 2.25; 95% CI
1.98–2.54).

Nintedanib Treatment

Overall, 5550 patients had baseline nintedanib
dose information recorded; 4686 patients
(84.0%) initiated nintedanib at a dose of 150 mg
bid, 736 (13.2%) started at a dose of 100 mg bid,
and 128 patients (2.3%) received another dose.
During 12 months of follow-up, 1644 of the
4686 patients (35.1%) who started nintedanib
at 150 mg bid had a dose reduction to 100 mg
bid; the median time to dose reduction was
83 days (Table 1).

There was no difference in the nintedanib
starting dose between patients in the ‘contin-
ued’ and ‘discontinued’ subgroups (Table 2). In

patients with BSA\ 1.58 m2, the proportion of
patients in the ‘discontinued’ subgroup was
higher than in the ‘continued’ subgroup at both
the initial dose of 100 mg bid (60.8% vs. 39.2%)
and 150 mg bid (62.0% vs. 38.0%), whereas in
patients with BSA C 1.58 m2, the proportion of
patients in the ‘discontinued’ subgroup was
lower than in the ‘continued’ subgroup at both
the initial dose of 100 mg bid (47.3% vs. 52.7%)
and 150 mg bid (45.3% vs. 54.7%). Patients with
a lower BSA were more likely to discontinue
treatment, at a dose of 100 mg bid (odds ratio
1.72; 95% CI 1.26–2.36) and 150 mg bid (odds
ratio 1.97; 95% CI 1.74–2.23), than those with a
higher BSA.

Adverse Events

A total of 4662 patients (83.6%) developed an
AE, 1242 (22.3%) had a nintedanib dose reduc-
tion because of an AE, 2276 (40.8%) discontin-
ued nintedanib because of an AE, and 1107
patients (19.8%) died as a result of an AE
(Table 3). ADRs developed in 3767 patients
(67.5%), 1196 (21.4%) required a dose reduction
because of an ADR, 1356 (24.3%) discontinued
nintedanib because of an ADR, and 140 patients
(2.5%) died as a result of an ADR (Table 3).

The most common AEs that occurred in
C 4% of patients in either subgroups were
diarrhoea, hepatic function abnormal, liver
disorder, decreased appetite, IPF (including dis-
ease progression), nausea and cough (Table 4).
Similarly, the most common ADRs that occur-
red in C 2% of patients in either subgroup were
diarrhoea, hepatic function abnormal, liver
disorder, decreased appetite, nausea, vomiting
and IPF (Table 4). Decreased appetite and IPF
were more frequent AEs and ADRs in the ‘dis-
continued’ than in the ‘continued’ subgroup.
The frequency of common ADRs, including
diarrhoea and hepatic function abnormal,
decreased after a nintedanib dose reduction
(Table 5).

There was no apparent increase in the fre-
quency of any AE, diarrhoea or hepatic function
disorder in patients who took corticos-
teroids ± immunosuppressants at baseline,
although these patients had a small but
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Table 2 Patient demographic and clinical characteristics at baseline, and nintedanib treatment pattern in the ‘continued’
and ‘discontinued’ subgroups. All data are n (%) unless otherwise stated

‘Continued’
subgroup (n = 2509)

‘Discontinued’
subgroup (n = 2795)

OR (95% CI)

Age, years

Mean (SD) 71.1 (7.9) 72.5 (8.1)

Median (range) 72.0 (17–98) 73.0 (20–96)

\ 75 years (N = 3202), n (%) 1620 (50.6) 1582 (49.4) Ref

C 75 years (N = 2102), n (%) 889 (42.3) 1213 (57.7) 1.40 (1.25–1.56)a

Sex

Male (N = 4138) 1976 (47.8) 2162 (52.2) Ref

Female (N = 1166) 533 (45.7) 633 (54.3) 1.09 (0.95–1.24)

Body weight, kg (n = 2386) (n = 2646)

Mean (SD) 62.1 (12.1) 56.8 (12.2)

Median (range) 62.0 (28.0–154.5) 56.3 (26.0–102.3)

BMI, kg/m2 (n = 2379) (n = 2626)

Mean (SD) 23.7 (3.7) 22.0 (4.0)

Median (range) 23.5 (12.4–52.6) 22.0 (10.8–42.0)

BSA, m2 (n = 2379) (n = 2626)

Mean (SD) 1.66 (0.18) 1.58 (0.19)

Median (range) 1.66 (0.99–2.55) 1.59 (1.00–2.18)

C 1.58 m2 (N = 2948), n (%) 1600 (54.3) 1348 (45.7) Ref

\ 1.58 m2 (N = 2057), n (%) 779 (37.9) 1278 (62.1) 1.95 (1.74–2.18)a

Smoking history, n (%)

Current or previous smoker (N = 3747) 1849 (49.3) 1898 (50.7) 0.78 (0.68–0.88)a

Never smoked (N = 1288) 555 (43.1) 733 (56.9) Ref

IPF severity stage, n (%)

I (N = 1002) 585 (58.4) 417 (41.6) Ref

II (N = 207) 110 (53.1) 97 (46.9) 1.24 (0.92–1.67)

III (N = 960) 511 (53.2) 449 (46.8) 1.23 (1.03–1.47)a

IV (N = 1413) 561 (39.7) 852 (60.3) 2.13 (1.81–2.51)a

Data missing/unknown (N = 485) 246 (50.7) 239 (49.3) –

I or II (N = 1209) 695 (57.5) 514 (42.5) Ref

III or IV (N = 2373) 1072 (45.2) 1301 (54.8) 1.64 (1.43–1.89)a
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Table 2 continued

‘Continued’
subgroup (n = 2509)

‘Discontinued’
subgroup (n = 2795)

OR (95% CI)

FVC, ml, mean (SD) (n = 2288) (n = 2311)

Mean (SD) 2284.2 (707.1) 1935.0 (678.2)

FVC, % predicted (n = 2101) (n = 2110)

Mean (SD) 73.2 (25.9) 65.1 (47.9)

Median (range) 71.8 (19.8–903.0) 61.9 (14.7–1810.0)

\ 70% (N = 2359), n (%) 970 (41.1) 1389 (58.9) 2.25 (1.98–2.54)a

C 70% (N = 1852), n (%) 1131 (61.1) 721 (38.9) Ref

Previous IPF treatment n (%)

Yes (N = 1263) 551 (43.6) 712 (56.4) 1.22 (1.07–1.38)a

No (N = 4014) 1946 (48.5) 2068 (51.5) Ref

Pirfenidone

Yes (N = 1000) 439 (43.9) 561 (56.1) 1.19 (1.03–1.36)a

No (N = 4296) 2067 (48.1) 2229 (51.9) Ref

Corticosteroids

Yes (N = 217) 89 (41.0) 128 (59.0) 1.31 (0.99–1.72)

No (N = 5073) 2414 (47.6) 2659 (52.4) Ref

Immunosuppressants

Yes (N = 115) 47 (40.9) 68 (59.1) 1.31 (0.90–1.90)

No (N = 5184) 2460 (47.5) 2724 (52.5) Ref

Baseline IPF medication,b n (%)

Yes (N = 1722) 709 (41.2) 1013 (58.8) 1.33 (1.18–1.49)a

No (N = 3102) 1493 (48.1) 1609 (51.9) Ref

Corticosteroids

Yes (N = 1271) 514 (40.4) 757 (59.6) 1.36 (1.19–1.55)a

No (N = 3642) 1748 (48.0) 1894 (52.0) Ref

Pirfenidone

Yes (N = 202) 69 (34.2) 133 (65.8) 1.75 (1.30–2.35)a

No (N = 5038) 2395 (47.5) 2643 (52.5) Ref

Immunosuppressants

Yes (N = 285) 107 (37.5) 178 (62.5) 1.52 (1.19–1.94)a

No (N = 4902) 2338 (47.7) 2564 (52.3) Ref
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statistically significant increase in infections
and infestations (corticosteroids, odds ratio
1.28; 95% CI 1.06–1.54; corticosteroids ? im-
munosuppressants, odds ratio 1.53; 95% CI
1.09–2.14; see Figure S1 in the electronic sup-
plementary material). However, the risk of acute
exacerbations (recorded as an AE or ADR) was
significantly increased in patients who were
taking corticosteroids at baseline (see Table S1
in the electronic supplementary material). In
these patients (n = 1329), acute exacerbations

were reported in 14.7% of patients (n = 196) as
an AE and in 1.7% (n = 23) as an ADR. In con-
trast, in patients not taking corticosteroids at
baseline (n = 3845), acute exacerbations were
reported in 4.8% of patients (n = 185) as an AE
and in 0.6% (n = 24) as an ADR.

Discontinuation

Overall, 1292 patients (23.2%) and 2795
patients (50.1%) discontinued nintedanib

Table 2 continued

‘Continued’
subgroup (n = 2509)

‘Discontinued’
subgroup (n = 2795)

OR (95% CI)

Cyclosporine

Yes (N = 175) 57 (32.6) 118 (67.4) 1.89 (1.37–2.61)a

No (N = 5078) 2426 (47.8) 2652 (52.2) Ref

Tacrolimus

Yes (N = 64) 28 (43.8) 36 (56.3) 1.15 (0.70–1.89)

No (N = 5187) 2451 (47.3) 2736 (52.7) Ref

Azathioprine

Yes (N = 38) 20 (52.6) 18 (47.4) 0.81 (0.43–1.53)

No (N = 5260) 2484 (47.2) 2776 (52.8) Ref

Initial dose, n (%)

100 mg bid (N = 683) 304 (44.5) 379 (55.5) 1.15 (0.98–1.36)

150 mg bid (N = 4480) 2154 (48.1) 2326 (51.9) Ref

Other (N = 124) 51 (41.1) 73 (58.9) 1.33 (0.92–1.90)

Initial dose by BSA, n (%)

100 mg bid

BSA\ 1.58 m2 (N = 339) 133 (39.2) 206 (60.8) 1.72 (1.26–2.36)a

BSA C 1.58 m2 (N = 300) 158 (52.7) 142 (47.3) Ref

150 mg bid

BSA\ 1.58 m2 (N = 1660) 631 (38.0) 1029 (62.0) 1.97 (1.74–2.23)a

BSA C 1.58 m2 (N = 2585) 1414 (54.7) 1171 (45.3) Ref

bid twice daily, BMI body mass index, BSA body surface area, CI confidence interval, FVC forced vital capacity, IPF
idiopathic pulmonary fibrosis, OR odds ratio, Ref reference, SD standard deviation
aUpper 95% CI is\ 1 or lower 95% CI is[ 1
bIncluding drugs for treatment of acute exacerbation
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within 3 and 12 months of initiation, respec-
tively (Table 6). Among patients who discon-
tinued nintedanib within 12 months, 448
(16.0%) and 1442 (51.6%) discontinued because
of an AE and ADR, respectively, and 221 (7.9%)
because of insufficient effectiveness (Table 6).

The reasons for discontinuation of ninteda-
nib treatment were generally similar across dif-
ferent IPF severity stages (Fig. 1). The
proportions of patients who discontinued nin-
tedanib because of an AE or an acute exacerba-
tion tended to be higher among patients with
stage IV IPF than those with stage I–III disease.

The ADRs most commonly causing ninteda-
nib treatment discontinuation within 3 months
(C 2% by MedDRA PT) were hepatic function
abnormal (18.8%), decreased appetite (10.3%),
diarrhoea (10.4%), liver disorder (8.9%), nausea
(6.7%), IPF (3.7%) and vomiting (3.0%)
(Table 6). The ADRs most commonly causing
treatment discontinuation within 12 months
(C 2% by MedDRA PT) were diarrhoea (13.2%),
hepatic function abnormal (12.3%), decreased
appetite (9.8%), liver disorder (5.8%), nausea

(4.4%) and IPF, i.e. worsening of primary dis-
ease (2.6%; Table 6).

Liver dysfunction, including two MedDRA
PTs (hepatic function abnormal and liver disor-
ders), was themost common type of ADR causing
discontinuation within the first 3 months of
nintedanib treatment, with 137/730 patients
discontinuing within 3 months because of hep-
atic function abnormal and 65/730 because of
liver disorders. Most patients with diarrhoea
were able to continue taking nintedanib; diar-
rhoea was the cause of 13.2% of ADR-related
discontinuations at 12 months.

Hepatic function disorder developed in
635/2147 (29.6%) patients with BSA\ 1.58 m2

and 742/3114 (23.8%) with BSA C 1.58 m2; the
risk of developing hepatic function disorder was
significantly higher in patients with lower BSA
(odds ratio for\1.58 m2 vs. C 1.58: 1.34; 95%
CI 1.19–1.52).

According to the multivariate analysis,
patients aged C 75 years, males, those with BSA
of\ 1.58 m2, those with stage III/IV IPF and
thosewith FVC\70%predicted at baselinewere
more likely to discontinue nintedanib treatment
within 3 and 12 months (Table 7). Patients who
developed hepatic function disorder after start-
ing nintedanib were more likely to discontinue
treatment within 3 months than those without
hepatic function disorder, while patients who
developed diarrhoea were less likely to discon-
tinue treatment within 12 months than those
without diarrhoea (Table 7).

Effectiveness

At 12 months, the adjusted mean ± SE change
in FVC from baseline was – 135.0 ± 9.7 ml
or - 7.2 ± 4.9% predicted. The adjusted
mean ± SE change in FVC from baseline was
– 311.2 ± 29.2 ml and – 104.4 ± 10.9 ml in the
‘discontinued’ and ‘continued’ subgroups,
respectively (Fig. 2).

DISCUSSION

This prospective analysis of the largest patient
population to date shows that approximately
50% of Japanese patients with IPF discontinue

Table 3 Summary of incidence of AEs and ADRs

n (%) All patients
(N = 5578)

Any AEs 4662 (83.6)

Any ADRs 3767 (67.5)

Serious AEs 2246 (40.3)

Serious ADRs 597 (10.7)

AEs leading to dose reduction of

nintedanib

1242 (22.3)

ADRs leading to dose reduction of

nintedanib

1196 (21.4)

AEs leading to discontinuation of

nintedanib

2276 (40.8)

ADRs leading to discontinuation of

nintedanib

1356 (24.3)

AEs leading to death 1107 (19.8)

ADRs leading to death 140 (2.5)

AE adverse event, ADR adverse drug reaction
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nintedanib treatment within 12 months and
that patients with stage III or IV IPF and
FVC\70% predicted at baseline are at
increased risk of early treatment
discontinuation.

These results confirm the findings of previ-
ous smaller studies in Japanese patients, which
reported nintedanib discontinuation rates of
47–51% [15, 16]. In one of these previous
studies, the only factor significantly associated
with early discontinuation of nintedanib was
poor performance status at baseline [15],
whereas we found that older age, male sex,
lower BSA and worse lung function (severe IPF
and lower percentage predicted FVC) were
associated with an increased risk of treatment
discontinuation. A previous retrospective study
that included patients aged C 75 years also

suggested that low BMI and FVC were risk fac-
tors for early discontinuation [21].

Based on the current study, as well as previ-
ous real-world studies, it appears that Asian
patients (including those in Japan or Korea)
have higher rates of nintedanib discontinuation
(47–53%) [15–17] than patients in the USA or
Europe (11–26%) [10–14]. The reason for this
difference is not clear, but previous data indi-
cate that patients with a smaller BSA are at
higher risk of hepatotoxicity, dose reduction or
discontinuation [20, 22], suggesting that the
smaller physique of Asian individuals places
them at higher risk of developing AEs. Indeed,
our study found that the rate of nintedanib
discontinuation within 12 months was higher
in the patients with lower BSA (\ 1.58 m2) than
in the patients with higher BSA (C 1.58 m2);
thus, we consider that careful attention should

Table 4 Major adverse events in the ‘continued’ and ‘discontinued’ subgroups

MedDRA PT, n (%) ‘Continued’ subgroup (n = 2509) ‘Discontinued’ subgroup (n = 2795)

Major AEs occurring in C 4% of patients

Diarrhoea 1051 (41.9) 659 (23.6)

Hepatic function abnormal 374 (14.9) 420 (15.0)

Liver disorder 192 (7.7) 232 (8.3)

Decreased appetite 170 (6.8) 354 (12.7)

IPF 151 (6.0) 601 (21.5)

Nausea 149 (5.9) 164 (5.9)

Cough 117 (4.7) 59 (2.1)

Major ADRs occurring in C 2% of patients

Diarrhoea 1038 (41.4) 648 (23.2)

Hepatic function abnormal 351 (14.0) 400 (14.3)

Liver disorder 182 (7.3) 228 (8.2)

Decreased appetite 150 (6.0) 327 (11.7)

Nausea 138 (5.5) 156 (5.6)

Vomiting 39 (1.6) 58 (2.1)

IPF 29 (1.2) 93 (3.3)

AE adverse event, ADR adverse drug reaction, IPF idiopathic pulmonary fibrosis, MedDRA Medical Dictionary for
Regulatory Activities, PT preferred term
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Table 5 Incidence of adverse drug reactions before and after nintedanib dose reduction in the safety analysis set (N = 1595)

MedDRA PT ADR severity ADR incidence, n (%) p-valuea

Pre-dose reduction Post-dose reduction

Diarrhoea Total 592 (37.1) 301 (18.9) \ 0.001

Mild 401 (25.1) 219 (13.7) \ 0.001

Moderate 214 (13.4) 89 (5.6) \ 0.001

Severe 8 (0.5) 6 (0.4) 0.774

Missing 5 (0.3) 1 (0.1) 0.125

Hepatic function abnormal Total 363 (22.8) 119 (7.5) \ 0.001

Mild 287 (18.0) 96 (6.0) \ 0.001

Moderate 73 (4.6) 21 (1.3) \ 0.001

Severe 5 (0.3) 2 (0.1) 0.453

Missing 1 (0.1) 0 –

Liver disorder Total 203 (12.7) 71 (4.5) \ 0.001

Mild 160 (10.0) 61 (3.8) \ 0.001

Moderate 43 (2.7) 11 (0.7) \ 0.001

Severe 1 (0.1) 0 –

Missing 0 0 –

Decreased appetite Total 170 (10.7) 104 (6.5) \ 0.001

Mild 90 (5.6) 51 (3.2) \ 0.001

Moderate 74 (4.6) 51 (3.2) 0.035

Severe 5 (0.3) 4 (0.3) 1.000

Missing 4 (0.3) 0 –

Nausea Total 119 (7.5) 54 (3.4) \ 0.001

Mild 90 (5.6) 38 (2.4) \ 0.001

Moderate 28 (1.8) 17 (1.1) 0.117

Severe 1 (0.1) 0 –

Missing 4 (0.3) 0 –

Vomiting Total 36 (2.3) 20 (1.3) 0.026

Mild 26 (1.6) 11 (0.7) 0.011

Moderate 9 (0.6) 8 (0.5) 1.000

Severe 3 (0.2) 2 (0.1) 1.000

Missing 0 0 –

1486 Adv Ther (2023) 40:1474–1493



Table 5 continued

MedDRA PT ADR severity ADR incidence, n (%) p-valuea

Pre-dose reduction Post-dose reduction

IPF Total 20 (1.3) 14 (0.9) 0.377

Mild 0 0 –

Moderate 1 (0.1) 3 (0.2) 0.500

Severe 2 (0.1) 9 (0.6) 0.065

Missing 17 (1.1) 2 (0.1) \ 0.001

ADR adverse drug reaction, IPF idiopathic pulmonary fibrosis, MedDRA Medical Dictionary for Regulatory Activities, PT
preferred term
aMcNemar’s test for incidence pre- vs. post-dose reduction

Table 6 Reasons for, and timing of, early nintedanib discontinuation

Baseline total (N = 5578) Patient status at each time point, n (%)

3 months 12 months

Treatment continuation

Yes 4286 (76.8) 2783 (49.9)

No 1292 (23.2) 2795 (50.1)

Reason for discontinuation (n = 1292) (n = 2795)

ADR 730 (56.5) 1442 (51.6)

AE 206 (15.9) 448 (16.0)

Insufficient effectiveness 82 (6.3) 221 (7.9)

Lost to follow-up 68 (5.3) 210(7.5)

Clinical improvement 3 (0.2) 14 (0.5)

Other 198(15.3) 450 (16.1)

Data missing 5 (0.4) 10 (0.4)

ADRs as reasons for discontinuation (C 2%, MedDRA PT) (n = 730) (n = 1442)

Hepatic function abnormal 137 (18.8) 177 (12.3)

Decreased appetite 75 (10.3) 141 (9.8)

Diarrhoea 76 (10.4) 190(13.2)

Liver disorder 65 (8.9) 84 (5.8)

Nausea 49 (6.7) 63 (4.4)

IPF 27 (3.7) 38 (2.6)

Vomiting 22 (3.0) 28 (1.9)

AE adverse event, ADR adverse drug reaction, IPF idiopathic pulmonary fibrosis, MedDRA Medical Dictionary for
Regulatory Activities, PT preferred term
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be paid to high nintedanib exposure in patients
with a smaller physique.

While we did not make a direct comparison
of discontinuation rates by starting dose in our
study, we noted there was no difference in the
nintedanib starting dose between patients who
discontinued treatment within 12 months and
those who continued treatment beyond
12 months. It should be noted that, regardless
of the starting dose, as mentioned above, the
discontinuation rates were higher among
patients with a BSA of\1.58 m2 than among
patients with a BSA C 1.58 m2, again suggesting
that if an AE is observed in patients with a low
BSA, in addition to symptomatic treatment, the
nintedanib dose should be reduced or inter-
rupted until the patient recovers to a treat-
able condition. Our findings differ from those of
a previous study, which reported that using a
low starting dose of nintedanib may reduce the
incidence of severe AEs and limit the rate of
discontinuation [23].

Similar to previous studies [8, 15], the most
common ADRs leading to treatment discontin-
uation within 12 months in our cohort of

Japanese patients receiving nintedanib included
diarrhoea and abnormal hepatic function.
Diarrhoea was the most common reason for
discontinuation of nintedanib within
12 months (13.2%), while liver dysfunction
(hepatic function abnormal and hepatic disor-
der) was the most common reason for early
discontinuation of nintedanib (i.e. within
3 months), with 18.8% and 8.9% of patients
discontinuing nintedanib within 3 months
because of hepatic function abnormal and liver
disorders, respectively. Interestingly, diarrhoea
appeared to have a lower impact on nintedanib
treatment discontinuations in our study than
hepatic function disorder, as patients who
developed hepatic function disorder were more
likely to discontinue treatment within
3 months than those without hepatic function
disorder, while patients with diarrhoea were less
likely to discontinue treatment within
12 months than those without diarrhoea. This
may be because treatment discontinuation for
hepatic function disorder occurred before the
onset of severe diarrhoea in many patients. In
addition, many patients with diarrhoea may

Fig. 1 Treatment continuation and discontinuations rates over time, according to idiopathic pulmonary fibrosis severity
stage
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have had dose reduction or temporary treat-
ment interruption rather than discontinuation,
thereby reducing the odds of treatment dis-
continuation in these patients.

These findings are consistent with data from
the INPULSIS-ON open-label extension study
[24]. In the Asian subgroup of that study, diar-
rhoea was the most common AE in patients
who continued nintedanib treatment, but few
patients who continued to take nintedanib
during the open-label extension subsequently
discontinued therapy because of diarrhoea [24].
Post-marketing data from the US reported a
diarrhoea incidence rate of 1053 events per
1000 patient-year during nintedanib treatment
for IPF, lower than the rate reported in INPUL-
SIS (1331 per 1000 patient-year) and similar to
the rate in the general US population (980 per
1000 patient-year) [25].

The risk of liver enzyme elevations is posi-
tively correlated with plasma concentrations of
nintedanib in patients with IPF and those with
other fibrosing interstitial lung diseases [26].
Therefore, reducing drug exposure through dose
reduction or treatment interruption is recom-
mended in the prescribing information for
nintedanib [27]. Indeed, we found that ninte-
danib dose was a better predictor of liver dys-
function than diarrhoea, with the incidence of

hepatic function abnormal decreasing by 67%
(from 22.8 to 7.5%) and liver disorder decreas-
ing by 65% (from 12.7 to 4.5%) after nintedanib
dose reduction. In fact, with the exception of
disease progression, the frequency and severity
of ADRs decreased markedly once the dose of
nintedanib was reduced, supporting current
recommendations for the management of AEs
with this drug. Overall, the results of the expo-
sure–efficacy and exposure–safety analyses sup-
port a nintedanib starting dose of 150 mg bid in
patients with fibrotic interstitial lung diseases
[26, 28] and indicate consideration of dose
reduction in the event of liver dysfunction.

Since patients who discontinue nintedanib
treatment experience a greater decline in clini-
cal status and lung function compared with
those who continue treatment [15], all steps
should be taken to manage AEs through dose
adjustment or treatment interruption rather
than permanent discontinuation. Moreover,
advanced IPF disease stage and low baseline
FVC were identified as risk factors for early dis-
continuation, which indicates that nintedanib
treatment should be initiated early in the dis-
ease course to maximise clinical benefits and
treatment persistence.

The combination of corticosteroids with
nintedanib has been reported to reduce the risk

Table 7 Multivariate analysis of factors associated with nintedanib discontinuation within 3 and 12 months

Discontinuation within
3 months

Discontinuation within
12 months

OR (95% CI) p-valuea OR (95% CI) p-valuea

Age, C 75 vs.\ 75 years 1.38 (1.15–1.66) \ 0.001 1.29 (1.10–1.52) 0.002

Sex, female vs. male 0.72 (0.57–0.92) 0.010 0.69 (0.56–0.86) 0.001

BSA,\ 1.58 vs. C 1.58 m2 1.78 (1.45–2.20) \ 0.001 2.01 (1.67–2.43) \ 0.001

IPF severity stage, III ? IV vs. I ? II 1.29 (1.06–1.57) 0.012 1.32 (1.12–1.55) \ 0.001

FVC % predicted,\ 70 vs. C 70% 1.75 (1.44–2.12) \ 0.001 2.06 (1.76–2.41) \ 0.001

Occurrence of ADR (diarrhoea), yes vs. no 0.53 (0.41–0.70) \ 0.001 0.43 (0.36–0.50) \ 0.001

Occurrence of ADR (hepatic function disorder), yes vs. no 1.65 (1.36–2.01) \ 0.001 1.09 (0.92–1.29) 0.313

ADR adverse drug reaction, BSA body surface area, CI confidence interval, FVC forced vital capacity, IPF idiopathic
pulmonary fibrosis, OR odds ratio
aChi-squared test
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of diarrhoea but increase the risk of infections
and infestations, which may lead to an acute
exacerbation [29]. In our study, we confirmed
that the baseline use of corticosteroids and/or
immunosuppressants did not increase the risk
of any AE, diarrhoea or hepatic function disor-
der with nintedanib. However, the baseline use
of immunosuppressants (with or without corti-
costeroids) was associated with a small increase
in the risk of infections and infestations, and
baseline corticosteroid therapy was associated
with an increased risk of acute exacerbation of
IPF compared with no corticosteroid therapy.

In this study, patients who continued nin-
tedanib for 12 months had a significantly
smaller mean decline in FVC compared with
those who discontinued nintedanib. While this
result may be attributed in part to the higher
baseline FVC among the patients in the ‘con-
tinued’ subgroup (compared with both the

‘discontinued’ subgroup and the overall
cohort), the same trend showing less marked
FVC decline in patients who continued versus
discontinued nintedanib was also reported in a
previous Japanese real-world study, in which
baseline FVC was similar between the two
patient groups [15]. However, in the Japanese
study, the size of the decline in FVC in contin-
ued versus discontinued groups (median
change: – 10 vs. - 165 ml/year, respectively)
[15] was smaller than observed in the present
study (mean change: – 104.4 vs. – 311.2 ml/
year, respectively).

One of the major strengths of our study is
that it includes the largest patient cohort to
date—we were able to identify only one other
observational study with nintedanib that
included[ 1000 patients, which was conducted
in the US [25]. Other strengths include the
prospective collection of data, the external

Fig. 2 Change from baseline in forced vital capacity (FVC) during nintedanib treatment in the ‘continued’ and
‘discontinued’ subgroups. SE, standard error
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validity and the overall generalisability of the
findings from this real-world population of
patients.

The limitations of the study include the lack
of a control group and incomplete data collec-
tion for many patients. In addition, since the
data of AEs are reported at the discretion of the
researcher, we assessed only those AEs that were
recorded by the physician and therefore may
have failed to collect some AE data.

CONCLUSIONS

Our study demonstrates that approximately
50% of Japanese patients receiving nintedanib
for IPF discontinue treatment during the first
year of treatment, with[50% of discontinua-
tions caused by ADRs, including liver dysfunc-
tion and diarrhoea. Most ADRs respond to dose
reduction, which should be attempted first
before discontinuing nintedanib to prevent
deterioration of clinical status and lung func-
tion. Because patients with worse lung function
at baseline are at increased risk of early treat-
ment discontinuation, nintedanib treatment
should be initiated early in the IPF disease
course.
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