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Purpose: The INPULSIS-ON study suggested the safety and tolerability of long-term 
nintedanib treatment for idiopathic pulmonary fibrosis (IPF). However, there are no real- 
world studies on long-term nintedanib treatment. The main aim of the study was to 
investigate the efficacy and the tolerability of long-term treatment with nintedanib for IPF 
in clinical practice.
Patients and Methods: This retrospective study enrolled 104 IPF patients who underwent 
treatment with nintedanib. Among these patients, 51 were able to receive nintedanib for more 
than 12 months (ie, treatment with nintedanib over 12 months was possible [P group]) and 53 
were not able to receive nintedanib for more than 12 months (ie, treatment with nintedanib 
over 12 months was impossible [I group]). The tolerability and efficacy of nintedanib were 
compared between the two groups.
Results: In the I group, 29 patients were unable to continue nintedanib therapy because of 
adverse effects, including diarrhea and nausea/anorexia. In addition, 19 and four patients 
could not continue nintedanib treatment because of IPF progression and worsening of 
performance status (PS), respectively. One patient suddenly died during nintedanib treat-
ment. The incidence of nausea/anorexia in the I group was significantly higher than in the 
P group (49.06 vs 25.49%). The survival time was significantly longer in the P group than in 
the I group (35 vs 12 months). The decline in forced vital capacity was significantly larger in 
the I group than in the P group (165 vs 10 mL/year). Poor PS at nintedanib initiation was the 
only significant risk factor for nintedanib treatment discontinuation over 12 months. Finally, 
the survival time was significantly longer in patients with good PS than in those with poor PS 
(27 vs 13 months).
Conclusion: Poor PS can result in discontinuation of nintedanib after 12 months. Long-term 
nintedanib treatment may be effective for survival.
Keywords: idiopathic pulmonary fibrosis, nintedanib, real-world setting, performance 
status, nausea

Introduction
Nintedanib is one of the anti-fibrotic agents used to treat patients with idiopathic 
pulmonary fibrosis (IPF). The INPULSIS trial demonstrated that nintedanib 
decreases the annual forced vital capacity (FVC) decline and acute exacerbations 
in IPF patients, and prolongs the time to first acute exacerbation development since 
nintedanib initiation.1–4 In later reports, the INPULSIS-ON study and the extension 
study from the TOMORROW trial (phase 2 study of nintedanib for IPF) suggested 
the safety and tolerability of long-term nintedanib treatment for IPF.1,5–7 Although 
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the INPULSIS trial compared the effect of nintedanib 
treatment between continuation of treatment after the 
INPULSIS trial and new nintedanib initiation after placebo 
treatment, there was no evaluation of survival, efficacy, 
and tolerability between possible and impossible continua-
tion of nintedanib treatment. Recently, the tolerability and 
efficacy of long-term treatment with two anti-fibrotic 
agents, nintedanib and pirfenidone, have been reported.8 

However, these two anti-fibrotic agents have different 
mechanisms of action and adverse effects.2,9–11 

Moreover, although data on the safety, tolerability, and 
risk factors of 1-year nintedanib treatment in a real-world 
setting have been reported,12,13 there have been no real- 
world studies on long-term nintedanib treatment. Thus, in 
this study, we aimed to evaluate the efficacy and toler-
ability of long-term nintedanib treatment, particularly con-
tinuable treatment with nintedanib over 12 months, for IPF 
in the real-world setting. Here, we describe the character-
istics of patients with IPF who were able to continue 
receiving nintedanib for more than 12 months; the efficacy 
of treatment with nintedanib over 12 months; and the risk 
factors associated with nintedanib treatment discontinua-
tion within 12 months.

Methods
Study Population
We retrospectively collected the data of IPF patients who 
initiated treatment with nintedanib at Juntendo University 
Hospital and Juntendo University Urayasu Hospital 
between April 2015 and December 2018. IPF was diag-
nosed based on the international IPF diagnosis guidelines 
published in 2011.14 Patients who were able to receive 
nintedanib for more than 12 months were classified into 
the P group (ie, those for whom treatment over 12 months 
was possible) and patients who were not able to receive 
nintedanib over 12 months were classified into the I group 
(ie, those for whom treatment over 12 months was impos-
sible). The study protocol was approved by the Juntendo 
University Ethical Committee and registered under num-
ber 18–056. The Ethical Committee waived the require-
ment for informed consent because of the retrospective 
nature of the study.

Clinical Evaluation
At the initiation of nintedanib treatment, we collected the 
patient’s clinical data, including age, sex, smoking history, 
body height, body weight, body mass index (BMI), body 

surface area (BSA), and performance status (PS) as indi-
cators of their general condition, and modified Medical 
Research Council Dyspnea (mMRC) scale score for dys-
pnea evaluation.15 The general condition of patients was 
evaluated by the Eastern Cooperative Oncology Group/ 
World Health Organization PS statement,16 with a PS of 
>2 representing a poor general condition. BMI was mea-
sured by dividing body weight by the square of body 
height. BSA was calculated by the Du Bois method.17 To 
determine the severity of IPF, the GAP index was calcu-
lated by age, sex, FVC, and diffusivity. A GAP index over 
6 was considered severe IPF.18 We also evaluated FVC at 
12 (± 3) months after the initiation of nintedanib treatment. 
Moreover, any side effects were determined according to 
the Common Terminology Criteria for Adverse Events ver. 
4.0 every 6 months after initiation of nintedanib.

Statistical Analysis
Fisher’s exact test, the chi-square test, and the Wilcoxon 
two-sample test were used to investigate the incidence of 
side effects and to compare differences in the patients’ 
characteristics and treatment tolerability and efficacy 
between the P group and the I group. Non-parametric 
and parametric data were compared by the Mann– 
Whitney U-test and Student’s t–test, respectively. 
Differences in median survival times (MST) were ana-
lyzed using the Log rank test. The characteristics of 
patients in the P group were analyzed by multivariate 
analysis. Cox proportional analysis was used to evaluate 
the hazard ratios (HRs), and univariate and multivariate 
logistic regression analyses were used to establish the risk 
factors for nintedanib discontinuation after 12 months. 
A p-value less than 0.05 was defined as statistically sig-
nificant. All statistical analyses were performed by SPSS 
version 26.0 for Windows (Chicago, IL, USA).

Results
Patient Characteristics
Among the 104 patients with IPF enrolled in the study, 
51 patients were able to receive nintedanib for more than 
12 months (patients for whom treatment over 12 months 
was possible, P group) and 53 patients were not able to 
receive nintedanib for more than 12 months (patients for 
whom treatment over 12 months was impossible, I group) 
(Figure 1). In the I group, 29 patients were unable to con-
tinue receiving nintedanib because of adverse effects, 
including diarrhea and nausea/anorexia. In addition, 
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18 and four patients could not continue nintedanib treat-
ment owing to IPF progression and worsening PS, respec-
tively. One patient suddenly died during treatment with 
nintedanib. The patients' characteristics are demonstrated 
in Table 1. The median age of all patients was 73 (range: 
62–85) years. There were 90 (86.54%) men, 91 (87.50%) 
smokers, and 24 (23.08%) patients had poor PS. The med-
ian BMI and median BSA were 22.8 kg/m2 and 1.68 m2, 

respectively. The median FVC, %FVC, diffusing capacity 
of the lungs for carbon monoxide (DLco), and %DLco were 
2.23 L, 66.9%, 7.19 mL/min/mmHg, and 29.81%, respec-
tively (Table 1). Eleven patients did not undergo pulmonary 
function testing due to a past history of pneumothorax/ 
mediastinal emphysema or severe cough. Among the 
patients who underwent pulmonary function testing, 
12 patients could not test the diffusing capacity for carbon 

Patients who received nintedanib between October 2015 and December 2018 
in Juntendo University Hospital and Juntendo University Urayasu Hospital (n = 104)

Patients who received nintedanib
for more than 12 months (P group, n = 51)

Patients who did not receive nintedanib for 
more than 12 months (I group, n = 53)

Figure 1 Flowchart of patient selection and allocation.

Table 1 Patients' Characteristics

Characteristics All Patients 
n = 104

P Group 
n = 51

I Group 
n = 53

p-value

Age in years, median (range) 73 (46–87) 70 (46–87) 74 (51–87) 0.056

Sex, men (%) 90 (86.54%) 46 (90.20%) 44 (83.02%) 0.391

Smoking history, yes (%) 91 (87.50%) 44 (86.27%) 47 (88.68%) 0.773

Performance status, 0/1/2/3/4 31/49/17/6/1 23/25/2/1/0 8/24/15/5/1 0.0003

BMI in kg/m2, median (range) 22.8 (13.6–34.1) 23.3 (15.1–29.7) 22.6 (13.6–34.1) 0.232

BSA in m2, median (range) 1.68 (1.21–2.03) 1.71 (1.23–1.93) 1.63 (1.21–2.03) 0.126

GAP index, 0–5/6–9 50/43 

n = 93

29/21 

n = 50

21/22 

n = 43

0.412

mMRC, 1/2/3/4 57/28/12/7 31/15/4/1 26/13/8/6 0.345

Nintedanib initiation dose, 300 mg/200 mg 65/39 33/18 32/21 0.648

Prior PSL treatment, yes (%) 27 (25.96%) 16 (31.37%) 11 (20.75%) 0.269

Pulmonary function

FVC in L, median (range) 2.23 (0.72–3.82) 

n = 93

2.28 (0.98–3.31) 

n = 50

2.18 (0.72–3.82) 

n = 43

0.437

%FVC, median (range) 66.9 (20.6–109.7) 

n = 93

68.5 (37.5–109.7) 

n = 50

65.3 (20.6–97.2) 

n = 43

0.337

DLco in mL/min/mmHg, median (range) 7.19 (1.99–16.64) 

n = 81

7.39 (2.96–14.02) 

n = 44

6.26 (1.99–16.64) 

n = 37

0.488

%DLco, median (range) 29.81 (8.5–63.5) 

n = 81

30.92 (12.8–57.6) 

n = 44

33.70 (8.5–63.5) 

n = 37

0.779

Abbreviations: P, patients who were able to receive nintedanib for more than 12 months; I, patients who were not able to receive nintedanib for more than 12 months; 
BMI, body mass index; BSA, body surface area; mMRC, modified Medical Research Council Dyspnea; FVC, forced vital capacity; DLco, diffusing capacity of the lungs for 
carbon monoxide; PSL, prednisolone.
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monoxide due to a severe cough or hypoxemia. In 
39 patients, treatment with nintedanib was started at 
a dosage of 200 mg/day due to advanced age and/or poor 
baseline PS. Twenty-seven patients had received low-dose 
corticosteroid treatment before the nintedanib initiation. 
Among these patients, 19 received prednisolone due to the 
interstitial pneumonia progression before nintedanib initia-
tion. In most of these patients, nintedanib treatment was 
started over a year prior.

Among the 19 patients with corticosteroid initiation, 
eight patients received steroid treatment by having their 
pathogenesis of interstitial pneumonia associated with 
auto-immune features. However, these patients were 
not diagnosed with any auto-immune diseases; therefore, 
the clinicians considered the diagnosis as idiopathic 
interstitial pneumonias, particularly IPF, and initiated 
nintedanib.

The other 11 patients had received small amounts of 
corticosteroids a long time prior to the publishing of the 
international IPF treatment statement.

Among the remaining eight patients, corticosteroid 
treatment was initiated in five for drug-induced lung toxi-
city superimposed on IPF. The other three patients were 
treated with prednisolone for diseases in organs other than 
the lung. Sixteen patients who initiated a full dose of 
nintedanib experienced dose reduction to 200 mg of 

nintedanib. Four patients previously received pirfenidone 
and changed from pirfenidone and nintedanib. Three 
patients changed the anti-fibrotic agents from nintedanib 
to pirfenidone due to adverse effects. There was no sig-
nificant difference in the treatment methods between the 
two groups.

PS level in the P group was significantly higher than in 
the I group (p = 0.0003), and age in the P group tended to 
be higher than that in the I group (p = 0.056). However, 
there was no significant difference in the other patient 
characteristics, particularly GAP index and mMRC, pul-
monary function test results, the frequency of corticoster-
oid use, and nintedanib initiation dosage between the two 
groups.

Adverse Effects of Continuable Treatment 
with Nintedanib Over 12 Months
The major adverse effects associated with long-term nin-
tedanib treatment are shown in Table 2. The incidences of 
diarrhea, nausea, weight loss, and liver dysfunction were 
42.31%, 37.50%, 24.04%, and 10.58%, respectively. The 
incidence of nausea (25.49% vs 49.06%, p = 0.012) and 
pneumothorax (1.96% vs 13.21%, p = 0.031) were signifi-
cantly higher in the I group than in the P group. However, 
there were no significant differences in other adverse 
effects between the two groups.

Table 2 Major Adverse Effects of Long-Term Nintedanib Treatment

Adverse Effects All Patients 
N = 104

P Group 
n = 51

I Group 
n = 53

p-value

Diarrhea 44 (42.31%) 20 (39.22%) 24 (45.28%) 0.557

Diarrhea > Grade 3 18 (17.31%) 8 (15.69%) 10 (18.87%) 0.667

Nausea/anorexia 39 (37.50%) 13 (25.49%) 26 (49.06%) 0.012

Nausea/anorexia > Grade 3 13 (12.50%) 2 (3.92%) 11 (20.75%) 0.009

Weight loss 25 (24.04%) 13 (25.49%) 12 (22.64%) 0.820

Weight loss > Grade 3 5 (4.81%) 2 (3.92%) 3 (5.66%) 0.782

Liver dysfunction 11 (10.58%) 6 (11.76%) 5 (9.43%) 0.699

Liver dysfunction > Grade 3 6 (5.77%) 3 (5.88%) 3 (5.66%) 0.926

Pneumothorax 8 (7.69%) 1 (1.96%) 7 (13.21%) 0.031

Pneumothorax > Grade 3 6 (5.77%) 1 (1.96%) 5 (9.43%) 0.039

Bleeding 9 (8.65%) 4 (7.84%) 5 (9.43%) 0.773

Bleeding > Grade 3 3 (2.88%) 0 (0.00%) 3 (5.66%) 0.076

Abbreviations: P, patients who were able to receive nintedanib for more than 12 months; I, patients who were not able to receive nintedanib for more than 12 months.
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Effect of Nintedanib on Survival, Changes 
in Forced Vital Capacity, and Inhibition of 
Acute Exacerbation
We evaluated the effect of nintedanib on the survival time 
from the initiation of nintedanib and inhibition of the 
development of acute exacerbation. The survival curve 
for all patients who received nintedanib is shown in 
Figure 2A. The median survival time was 26 months 
from the initiation of nintedanib (95% confidence interval 
[CI]: 21.101–30.899). The survival curves for the P and 
I groups are shown in Figure 2B. The median survival 

time in the I group was significantly shorter than that in 
the P group (12 months [95% CI: 8.097–15.903] vs 35 
months [95% CI: 27.031–42.969]; hazard ratio: 26.148, 
p = 0.001).

Next, we compared the annual FVC change between the 
two groups. The median annual FVC decline in the I group 
was significantly larger than in the P group (165 mL/year, n = 
16 vs 10 mL/year, n = 37; p = 0.028; Figure 3A). Moreover, 
the median annual decline in %FVC in the I group was 
significantly greater than that in the P group (4.99%/year, 
n = 16 vs 0.35% mL/year, n = 37; p = 0.012; Figure 3B).
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Figure 2 The time from the initiation to the end of nintedanib treatment. (A) All patients. (B) Patients who were (P group: blue line) and those who were not (I group: red 
line) able to receive nintedanib for more than 12 months. The p-value was calculated using the Log rank test.
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Figure 3 The annual change in forced vital capacity (FVC). The difference in the annual change in (A) FVC volume (mL) and (B) %FVC between the I and the P groups. The 
p-value was calculated using the Log rank test.
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Then, we evaluated the difference in the frequency of 
IPF acute exacerbation between the P group and the 
I group. The frequency of acute exacerbation in the 
I group tended to be higher than in the P group (16.98% 
vs 5.88%; p = 0.076).

Risk Factors for Nintedanib Treatment 
Discontinuation Within 12 Months
We performed multivariate analysis to determine the risk 
factors for nintedanib treatment discontinuation within 
12 months using the following four variables: age, PS, 
development of nausea, and development of pneu-
mothorax. Poor PS was the only significant risk factor 
for nintedanib treatment discontinuation after 12 months 
(Table 3).

Finally, we analyzed the difference in the survival time 
between patients with poor PS and with good PS. The 

survival time was significantly longer in the good PS 
group (27 months, 95% CI: 21.034–32.966) than in the 
poor PS group (13 months, 95% CI: 5.098–20.902; hazard 
ratio: 5.834, p = 0.016; Figure 4).

Discussion
To our best of our knowledge, this is the first study to 
report the tolerability and efficacy of nintedanib in real- 
world clinical practice. The five main findings of this study 
are as follows: first, the frequency of discontinuation of 
nintedanib treatment after 12 months in patients with poor 
PS, nausea/anorexia, or pneumothorax was lower than that 
in those with good PS, or no nausea/anorexia or pneu-
mothorax. Second, poor PS was the only identified risk 
factor for early discontinuation of nintedanib treatment. 
Third, annual FVC decline was significantly associated 
with early discontinuation of nintedanib treatment. 
Fourth, the survival time was significantly shorter in the 
I group than in the P group. Fifth, the survival time in 
patients with good PS was significantly longer than that in 
patients with poor PS.

We previously reported that PS is an important factor 
for the development of adverse effects associated with 
nintedanib, particularly diarrhea and nausea.13 PS was 
not focused on the evaluation of anti-fibrotic treatment as 
opposed to that of anti-cancer treatment; however, ninte-
danib was initially developed as an anti-cancer agent. 
Thus, we evaluated the anti-fibrotic treatment for the risk 
factors of adverse effects in nintedanib treatment. Further, 
Oishi et al demonstrated that poor PS is a risk factor for 
both nintedanib and pirfenidone treatment 
discontinuation.8 Nintedanib and pirfenidone have differ-
ent mechanisms of action. Nintedanib targets three tyro-
sine kinase receptors (vascular endothelial growth factor 
receptor, platelet-derived growth factor receptor, and fibro-
blast growth factor receptor)19 and was originally devel-
oped as an anti-cancer agent.20–22 In contrast, pirfenidone 
was developed as an anti-inflammatory medicine; the 
mechanism of pirfenidone remains unknown. Although 
the effect of both anti-fibrotic agents is similar, their toxi-
city is different. Therefore, in the future, we should also 
evaluate pirfenidone. In this study, we showed that poor 
PS was the risk factor for nintedanib treatment disconti-
nuation after 12 months, similar to the previous report.8 

Thus, the study by Oishi et al supports our conclusion that 
PS might be very important for continuable treatment with 
nintedanib over 12 months. PS is known as a general 
condition in patients with any cancer; however, PS has 
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Figure 4 The difference in survival probability since the initiation of nintedanib 
therapy in patients with poor PS (red line) and good PS (blue line).

Table 3 Risk Factors for Discontinuing Nintedanib Treatment 
After 12 Months

Variables OR 95% CI p-value

Age 0.452 0.042–4.329 0.485

Performance status 0.014 0.002–0.167 0.007

Nausea/anorexia 2.210 0.885–5.664 0.096

Pneumothorax 5.802 0.847–115.806 0.083

Abbreviations: OR, odds ratio; CI, confidence interval.
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not been generally used for the evaluation of the general 
condition of patients with interstitial pneumonia since 
there is some evidence that PS is associated with general 
condition in interstitial pneumonia. Nintedanib is known 
as an anti-fibrotic agent, which was originally developed 
as an anti-cancer agent; therefore, it may be important to 
use PS for the evaluation of general condition during anti- 
fibrotic therapy. Although a few studies have reported that 
PS is used for the evaluation of the general condition for 
anti-fibrotic therapy, there is not enough evidence for 
evaluation of the general condition using PS. Therefore, 
even analyzing data from retrospective studies may be 
important for the evaluation of interstitial pneumonia.

Anorexia and nausea are known adverse effects of nin-
tedanib. In our previous report, the survival time was sig-
nificantly lower in patients who developed nausea than in 
patients without nausea. However, we could not identify the 
reason why the patients with nausea had poor prognosis.13 

In this report, although nausea/anorexia was not a risk factor 
for nintedanib treatment discontinuation within 12 months, 
the frequency of nausea/anorexia was significantly higher in 
the I group than in the P group. Further, we demonstrated 
that the annual FVC decline was significantly larger in the 
I group than in the P group; therefore, there might be an 
association among incidence of nausea/anorexia, ninteda-
nib treatment discontinuation, and survival.

Among the included patients, 27 patients received corti-
costeroids prior to the initiation of nintedanib. Treatment 
with nintedanib was started when the prednisolone dose 
was less than 15 mg/day. In the clinical trial for 
nintedanib,2 prednisolone (15 mg/day or less) could be used 
in combination with nintedanib. Therefore, there were not 
many differences between the clinical trial for nintedanib and 
our data regarding the corticosteroid effect on nintedanib.

We evaluated the pulmonary function in only 16 
patients in the I group after initiation of nintedanib 
because we could not perform pulmonary function tests 
in others due to respiratory symptoms or a poor general 
condition. FVC decline in the patients who could receive 
evaluation of pulmonary function in the I group was con-
sidered to be greater than that in those who could not 
continue evaluation of pulmonary function. Therefore, 
the pulmonary function was considered to be worsening 
in patients who did not continue receiving nintedanib for 
more than 12 months than in those who did. In other 
words, continuable treatment with nintedanib over 
12 months may inhibit the progression of worsening pul-
monary function.

We also analyzed the data excluding the patients who 
died within 12 months; however, there were no significant 
differences in most of the data, including the patients’ 
background characteristics, risk factors associated with 
early discontinuation of nintedanib, and survival between 
the original data and the data excluding the patients who 
died within 12 months.

This study has a few limitations. First, this was retro-
spective study with a small sample size. Thus, patient 
characteristics were more heterogeneous than in 
a prospective clinical trial. Particularly, baseline pulmon-
ary function range was wide in both groups. Therefore, 
there may be some bias for the evaluation of efficacy of 
nintedanib for the FVC decline. Second, this was a real- 
world clinical study; therefore, the baseline general condi-
tion and pulmonary function were poorer, and the number 
of patients who could not continue receiving nintedanib 
was smaller in this study than in the INPULSIS trial. 
Further prospective studies with a larger patient number 
is needed in the future to validate our results. Third, we 
collected the data of adverse effects every 6 months; there-
fore, we might have failed to collect some data regarding 
the development of any adverse effects.

Conclusion
Our findings propose that a poor PS was the only risk factor 
for discontinuation of nintedanib treatment after 12 months. 
Nintedanib treatment discontinuation after 12 months was 
associated with a decrease in the effect of nintedanib; thus, 
FVC decline was significantly larger in the I group than in 
the P group. Previously, we have demonstrated that poor PS 
is significantly related to the development of gastrointest-
inal adverse effects, including diarrhea and nausea. 
Nintedanib treatment should start before PS deteriorates, 
in other words, before the progression of IPF.

Data Sharing Statement
All datasets are available from the corresponding author 
on reasonable request.

Ethics Approval and Consent to 
Participate
All procedures performed in studies involving human parti-
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