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Abstract
Background  The antifibrotic drugs, nintedanib and pirfenidone, inhibit the decline in forced vital capacity in patients with 
idiopathic pulmonary fibrosis (IPF). Nintedanib also inhibits the onset of acute exacerbation and reduces the risk of all-cause 
mortality. However, their effectiveness in real-world practice remains unclear. Our study aimed to investigate the changes 
in forced vital capacity, survival period, causes of death, and risk factors for mortality in patients with IPF receiving anti-
fibrotic drugs.
Methods  This retrospective study enrolled Japanese patients who visited Toho University Sakura Medical Center who were 
diagnosed with IPF and received antifibrotic drugs.
Results  We included 102 patients [mean age ± standard deviation (SD): 71.8 ± 7.5 years], of whom 76 were males. The 
decline in forced vital capacity (mean ± SD) during the antifibrotic therapy period was − 154 ± 259 mL/year, which was 
significantly lower than before the antifibrotic therapy period (− 484 ± 589 mL/year; n = 80, p = 0.003). Altogether, 52 deaths 
were confirmed, and the median survival time from antifibrotic therapy initiation was 38.0 months (95% confidence interval: 
25.9–50.1 months). Acute exacerbation accounted for 9.6% of all deaths (95% confidence interval: 1.6–17.6). The decline 
in forced vital capacity during antifibrotic therapy was a risk factor for mortality.
Conclusions  In actual clinical practice in Japan, antifibrotic drugs suppressed the gradual decline in forced vital capacity, 
which is a risk factor for mortality. However, the median survival period remained poor at 38 months.

Key Points 

In real-world clinical settings in Japan, antifibrotic drugs 
were found to suppress the progressive decline in forced 
vital capacity, which is an important prognostic factor.

The frequency of acute exacerbation, a major cause of 
death in IPF patients in Japan, was lower in this study 
than in previous reports.

However, the improvement in overall survival through 
antifibrotic drugs was not observed, highlighting chal-
lenges related to case selection, timing of treatment 
initiation, and management of side effects in real-world 
clinical practice.
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1  Introduction

Idiopathic pulmonary fibrosis (IPF), a disease of unknown 
etiology, commonly occurs in middle-aged and older indi-
viduals and is characterized by chronic and progressive 
pulmonary fibrosis leading to irreversible honeycomb lung 
formation [1, 2]. Patients with IPF have a poor prognosis, 
with a median survival time of 28–52 months from the 
time of IPF diagnosis [3–6].

In IPF, acute exacerbations that rapidly worsen into 
respiratory failure occur at a frequency of 5–10% per year 
[7], and their prognosis is poor, with a reported 3-month 
survival rate of 67% [8].

The antifibrotic drugs pirfenidone and nintedanib 
inhibit progressive fibrosis in IPF. According to previous 
clinical trials, both pirfenidone and nintedanib signifi-
cantly inhibited the loss of forced vital capacity (FVC) in 
1 year in the experimental group as compared with the 
placebo group [9, 10]. Although the effects of these thera-
pies on improving prognosis were not examined in these 
clinical trials, a pooled analysis of two clinical trials of 
nintedanib (TOMORROW and INPULSIS trials) revealed 
a 30% reduction in the risk of death at 52 weeks in the nin-
tedanib group as compared with that of the placebo group 
[11]. Additionally, a Weibull distribution-based analysis 
using data from six clinical trials on nintedanib found that 
nintedanib could improve the survival outcomes [12].

According to the European IPF Registry, which inves-
tigated the survival benefit of antifibrotic drugs for IPF in 
real-world clinical settings in Europe, the median survival 
times in the groups not using and using antifibrotic agents 
(pirfenidone or nintedanib) were 68.3 and 123.1 months, 
respectively, showing a significantly longer survival time 
in the group using antifibrotic agents [13].

In a study involving patients with IPF in Korea [14], the 
survival times were 54 and 34 months in patients receiving 
antifibrotic agents and medications other than antifibrotic 
agents, respectively. The antifibrotic agent used in the 
study was mainly pirfenidone, and only 2.2% of patients 
used nintedanib.

Natsuizaka et al. conducted an epidemiological study 
involving 553 patients with IPF in Hokkaido, Japan [15]. 
In their study, 328 patients died during the observation 
period, and the median survival time from diagnosis was 
35 months. The causes of death were acute exacerbation, 
chronic respiratory failure, concomitant primary lung can-
cer, pneumonia, and cardiovascular complications in 40%, 
24%, 11%, 7%, and 3% patients, respectively.

According to a study from the USA, among 47 IPF 
patients, 34 died during the follow-up period. The causes 
of death were acute exacerbation in five patients (15%), 
respiratory insufficiency other than acute exacerbation in 

10 patients (30%), and cardiovascular complications in 
seven patients (6%) [6].

Compared to reports from the USA, the Hokkaido study 
found a higher incidence of deaths due to acute exacerba-
tion and a lower incidence of deaths due to cardiovascular 
complications, suggesting ethnic differences in the causes 
of death among IPF cases. Additionally, the suppression of 
acute exacerbation is considered more important for improv-
ing the prognosis of these patients in Japan.

The clinical trials of nintedanib, i.e., INPULSIS-1 and 
INPULSIS-2 trials, investigated the acute exacerbation-
suppressing effect of nintedanib. In the INPULSIS-1 trial, 
the incidence of acute exacerbation was not significantly 
different between the placebo and nintedanib groups. How-
ever, in the simultaneously conducted INPULSIS-2 trial, the 
nintedanib group exhibited a significantly lower rate of acute 
exacerbation.

A pooled analysis of these two trials revealed that the 
incidences of acute exacerbation through a central review 
were 4.9% and 7.6% in the nintedanib and placebo groups, 
respectively, with a lower tendency of acute exacerbation 
in the nintedanib group [16]. The proportion of Asians in 
INPULSIS-1 and -2 were 21.4% and 38.9%, respectively, 
which may have influenced the differences in results between 
the two trials.

As described above, the administration of antifibrotic 
drugs to IPF patients is expected to inhibit the progressive 
decline in lung capacity, reduce the incidence of acute exac-
erbation, and potentially extend survival duration. However, 
reports on the outcomes in Japan in real-world clinical set-
tings are limited. Therefore, this study aimed to examine the 
changes in FVC, incidence of acute exacerbation, causes of 
death, survival time, and risk factors for mortality among 
IPF patients receiving antifibrotic drug therapy in real-world 
clinical settings in Japan.

2 � Methods

2.1 � Study Design and Participants

In the present retrospective study, the study participants 
were patients who visited Toho University Sakura Medical 
Center and were diagnosed with IPF through the medical 
expense assistance program received the Certificate of Medi-
cal Benefit (CMB) and underwent treatment with antifibrotic 
drugs from 1 December 2008 to 31 December 2021.

The Japanese Ministry of Health, Labor, and Welfare 
established the medical expense assistance program for cer-
tain intractable diseases to support patients with diseases of 
unknown etiologies with no established treatments. Patients 
with a confirmed diagnosis are granted CMB and provided 
medical expense assistance. To obtain the CMB, physicians 
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responsible for diagnosing IPF provide the necessary clinical 
information, including medical history data, high-resolution 
computed tomography (HRCT) scans, and results of lung 
function test, blood gas analysis, and 6-min walk test, to 
the administrative authorities. A panel of pulmonologists 
specializing in interstitial lung diseases then reviews the 
submitted information and confirms IPF diagnosis. In cases 
where surgical lung biopsy is not performed, the presence of 
honeycombing and a subpleural distribution of shadows on 
HRCT, which indicates a usual interstitial pneumonia (UIP) 
pattern, is required for the diagnosis. This comprehensive 
diagnostic process follows an approach similar to multidis-
ciplinary discussion (MDD) across multiple facilities and is 
consistent with recent clinical guidelines from ATS/ERS/
JRS/ALAT [2, 17].

Acute exacerbation was defined in accordance with the 
Japanese diagnostic criteria described in the Hokkaido study 
[18]. Patients with a history of acute exacerbation at the 
initiation of antifibrotic therapy or with a history of or con-
current lung cancer were excluded from the study.

This study and consent procedure were approved by 
the Ethics Committee of Toho University Sakura Medical 
Center (approval number: S21084; approval date: 11 Octo-
ber 2022). We utilized an opt-out method to obtain patient 
consent regarding the use of their personal information, by 
publishing the research content and our policy on personal 
information on the hospital website.

2.2 � Data Collection

Participant data were extracted from their medical records, 
including the lung function test results [FVC, percent of 
predicted forced predicted vital capacity(%FVC), and dif-
fusing capacity of the lung for carbon monoxide % pre-
dicted (%DLCO)], the modified Medical Research Council 
(mMRC) scale ([19], Table 1), Japanese disease severity 
classification (JSC) ([20], Table 2), the GAP stage ([21], 
Table 3), blood gas analysis, 6-min walk test results (walk 
distance and minimum SpO2), serum lactate dehydrogenase 
and Krebs von den Lungen-6 levels, and surfactant protein-
D levels at the start of antifibrotic therapy. In our facility, 
patients suspected of having IPF undergo pulmonary func-
tion tests every 3 months starting from their initial visit. 

Table 1   Modified Medical 
Research Council (mMRC) 
scale [19]

Grade Description of breathlessness

Grade 0 I only get breathless with strenuous exercise
Grade 1 I get shortness of breath when hurrying on a level ground or walking up a slight hill
Grade 2 On the level ground, I walk slower than people of the same age because of breathlessness, or I 

have to stop for breath when walking at my own pace on the level
Grade 3 I stop for breath after walking approximately 100 yards or after a few minutes on the level ground
Grade 4 I am too breathless to leave the house, or I am breathless when dressing

Table 2   Japanese disease severity classification (JSC) [20]

In patients at stage II/III, the severity should be increased by one 
stage if the lowest oxygen saturation on pulse oximetry is < 90% dur-
ing a 6 min walk test
PaO2 partial pressure of oxygen in the arterial blood

Stage Arterial blood gas analysis

Stage I PaO2 ≥ 80 mmHg
Stage II 70 ≤ PaO2 < 80 mmHg
Stage III 60 ≤ PaO2 < 70 mmHg
Stage IV PaO2 < 60 mmHg

Table 3   GAP index and staging system [21]

Patients are classified into stages I, II, or III according to the total 
point score
%FVC percent of predicted forced predicted vital capacity, %DLCO 
percent of predicted diffusing capacity of the lung for carbon mon-
oxide

Predictor Points

G Gender
Female 0
Male 1

A Age (years)
≤ 60 0
61–65 1
≥ 65 2

P Physiology
%FVC
> 75 0
50–75 4
< 50 8
%DLCO
> 55 0
36–55 1
≤ 35 2
Cannot perform 3

Total points 0–3 4–5 6–8
Stage I II III
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These tests are performed continuously even after a defini-
tive diagnosis is made and antifibrotic therapy is initiated. 
Among these pulmonary function tests, we collected the 
oldest data from the tests conducted 6–12 months prior to 
treatment initiation, as well as the most recent data from the 
tests conducted 6–12 months after treatment initiation, to 
calculate the annual changes in FVC.

Additionally, information about the date of starting oxy-
gen therapy, status and onset date of acute exacerbation, con-
comitant lung cancer, time and date of death, cause of death, 
and outcome were obtained from the medical records. For 
patients transferred to another medical institution, informa-
tion was obtained by contacting the relevant medical institu-
tion. The outcome was evaluated based on the status as of 
31 October 2022. Death occurring during hospitalization 
due to acute exacerbation, or within 3 months following an 
acute exacerbation, was referred to as “death caused by acute 
exacerbation.”

2.3 � Statistical Analyses

Unless otherwise indicated, the values are presented as 
mean ± standard deviation or mean (95% confidence 
interval). The survival time is presented as the median 
survival time (95% confidence interval) according to the 
Kaplan–Meier method. For analyzing factors contributing 
to the survival time, we used the Cox proportional hazards 
model, and annual changes in vital capacity before and after 
antifibrotic therapy were analyzed using the two-way analy-
sis of variance. The statistical software used was SPSS ver-
sion 25.0 (IBM CO., Armonk, NY, USA).

3 � Results

3.1 � Baseline Characteristics

From 1 December 2008 to the end of December 2021, 
109 patients who visited Toho University Sakura Medical 
Center were diagnosed with IPF under the medical expense 
assistance program and received antifibrotic drug therapy. 
This study does not include cases that underwent surgical 
lung biopsy, but the presence of the UIP pattern on HRCT 
has been confirmed through the evaluation by multiple 
specialists, as part of the medical expense assistance pro-
gram. Three patients with concurrent lung cancer and four 
patients with a history of acute exacerbation at the initiation 
of antifibrotic therapy were excluded. Finally, 102 patients 
were included in the analysis. The background character-
istics of these patients at the start of antifibrotic drug ther-
apy are presented in Tables 4 and 5. Of these 102 patients, 
32 were treated with pirfenidone, 81 with nintedanib, 
and 11 with both drugs at different times. The average 

duration of antifibrotic drug therapy in these patients was 
22.9 ± 20.1 months.

3.2 � Effect of Antifibrotic Agents on Changes in FVC 
Over Time

Among the 102 patients included in our analyses, changes 
in FVC over a 6–12-month period before and during anti-
fibrotic therapy were confirmed in 80 patients (61 men and 
19 women; mean age: 70.7 ± 7.3 years) at the start of antifi-
brotic therapy. Of these patients, 31 received pirfenidone and 
60 received nintedanib. Before starting antifibrotic therapy, 
the decline in FVC was − 484 ± 589 mL/year, whereas dur-
ing the antifibrotic therapy period, it was − 154 ± 259 mL/
year, indicating a significantly lower decline during the anti-
fibrotic therapy period (p = 0.003).

Among 80 cases, a two-factor analysis of variance of the 
decline in FVC before and during antifibrotic treatment was 
performed in 20 cases treated with pirfenidone alone and 
in 49 cases treated with nintedanib alone. Compared with 
the data before antifibrotic treatment, the decline during the 

Table 4   Baseline characteristics of patients with idiopathic pulmo-
nary fibrosis during the initiation of antifibrotic therapy

Values are given as mean ± SD or n
The total is not equal to 102 because there were missing values in the 
data file
mMRC modified Medical Research Council dyspnea scale, HRCT​ 
high-resolution computed tomography, UIP usual interstitial pneumo-
nia, %FVC percent of predicted forced vital capacity; %DLCO per-
cent of predicted diffusing capacity of the lung for carbon monoxide, 
6MWT 6 min walk test, LDH lactate dehydrogenase, KL-6 Krebs van 
den Lungen-6, SP-D surfactant protein-D, ANA antinuclear antigen, 
RF rheumatoid factor, JSC Japanese disease severity classification

N

Age 102 71.8 ± 7.5
Sex (male/female) 102 76/26
Smoking status (smoking/no smoking) 102 68/34
mMRC (0/1/2/3/4) 102 2/17/27/48/8
HRCT pattern (UIP pattern/others) 102 102/0
FVC 98 2257 ± 741 mL
%FVC 98 74.5 ± 18.4 %
%DLCO 65 51.2 ± 22.4 %
6MWT (walk distance) 85 346 ± 124 m
6MWT (minimum SpO2) 88 84.7 ± 5.8 %
PaO2 100 76.6 ± 14.3 mmHg
GAP stage (1/2/3) 102 53/36/13
JSC (I/II/III/IV) 102 42/5/32/23
LDH 102 238 ± 56.7 IU/L
KL-6 102 1479 ± 1106 U/mL
SP-D 98 285 ± 193 ng/mL
ANA (+/−) 101 17/84
RF (+/−) 91 17/74
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antifibrotic therapy period was significantly lesser both in 
the pirfenidone (− 371 ± 676 and − 105 ± 309 mL/year) and 
nintedanib (− 574 ± 595 and − 189 ± 257 mL/year) groups 
(p < 0.001). However, there was no significant difference 
between the pirfenidone and nintedanib groups regarding 
the decline in FVC before and during antifibrotic treatment 
(p = 0.23).

3.3 � Analysis of the Survival Time, Cause of Death, 
and Risk of Death

Among 102 patients, 52 deaths were confirmed. Among 
the 81 patients treated with nintedanib, 38 died. The 
median survival time of all cases, as determined using the 
Kaplan–Meier method, was 38.0 (25.9–50.1) months from 
the start of antifibrotic drug therapy (Fig. 1).

Among the 102 cases, 13 developed acute exacerbation 
after initiating antifibrotic therapy, resulting in an annual 
incidence rate of 5.3%; of these 13 cases, 11 died, and 
the median survival time from the onset of acute exacer-
bation was 6.8 (1.3–12.2) months. Among the 81 patients 
treated with nintedanib, 11 developed acute exacerbation, 
with an annual incidence rate of 5.4%. Among the 13 cases 
that developed acute exacerbation, five were classified as 
“death caused by acute exacerbation” (death occurring 
within 3 months after the occurrence of acute exacerbation 
or death during hospitalization due to acute exacerbation), 
accounting for 9.6% (1.6–17.6%) of all 52 deaths. Addition-
ally, among the 81 patients who received nintedanib, four 

cases were classified as “death caused by acute exacerba-
tion,” accounting for 10.5% (0.7–20.2%) of all 38 deaths in 
the nintedanib-treated group.

Four out of 102 cases were newly diagnosed with lung 
cancer after starting antifibrotic therapy. Among the 81 cases 
treated with nintedanib, two cases were diagnosed with 
lung cancer after starting nintedanib. Throughout the entire 
course of all cases, only one death was due to lung cancer.

Of the 52 deaths, 5 were due to acute exacerbation, 1 
was due to lung cancer, 35 were due to worsening of the 
underlying disease, and 1 each was due to COVID–19, 

Table 5   Baseline characteristics 
of patients with idiopathic 
pulmonary fibrosis during 
the initiation of antifibrotic 
therapies such as nintedanib and 
pirfenidone

Values are given as mean ± SD or n
mMRC modified Medical Research Council dyspnea scale, HRCT​ high-resolution computed tomography, 
UIP usual interstitial pneumonia, %FVC percent of predicted forced vital capacity, %DLCO percent of pre-
dicted diffusing capacity of the lung for carbon monoxide, 6MWT 6- min walk test, LDH lactate dehydro-
genase, KL-6 Krebs van den Lungen-6, SP-D surfactant protein-D, ANA antinuclear antigen, RF rheuma-
toid factor, JSC Japanese disease severity classification

Pirfenidone (n = 32) Nintedanib (n = 81)

Age 68.1 ± 7.1 73.0 ± 7.1
Sex (male/female) 25/7 60/21
Smoking status (smoking/no 

smoking)
20/12 55/26

mMRC (0/1/2/3/4) 8/6/13/5 2/13/22/39/5
FVC 2362 ± 810 (n = 31) 2211 ± 692 (n = 78) mL
%DLCO 44.0 ± 16.1 (n = 27) 54.4 ± 23.6 (n = 48) %
6MWT (walk distance) 334 ± 134 353 ± 123 (n = 65) m
6MWT (minimum SpO2) 84.4 ± 5.5 84.5 ± 6.2 (n = 67) %
PaO2 77.4 ± 11.5 (n = 30) 76.4 ± 15.3 (n = 79) mmHg
GAP stage (1/2/3) 18/8/6 44/29/8
JSC (I/II/III/IV) 12/1/14/5 35/5/21/20
LDH 228 ± 54 238 ± 56.6 IU/L
KL-6 1375 ± 898 1508 ± 1165 U/mL
SP-D 322 ± 218 (n = 31) 288 ± 196 (n = 77) ng/mL

Fig. 1   Kaplan–Meier plot of survival probability from the initiation 
of antifibrotic drug therapy



48	 K. Iwasaki et al.

pneumonia, pancreatic cancer, and malignant lymphoma. 
Moreover, three deaths were due to heart disease, one due 
to gastrointestinal perforation, two due to cardiac arrest on 
admission, and one due to unknown causes.

For all 102 cases, we analyzed the predictors of sur-
vival after starting pirfenidone or nintedanib antifibrotic 
therapy using Cox proportional hazard regression mod-
els. Independent variables including sex, age at antifibrotic 
treatment initiation, type of antifibrotic therapy (whether 
nintedanib was used or not), %FVC, and %DLCO were 
analyzed. However, none of the variables were found to be 
statistically significant risk factors for survival (Table 6).

Next, we analyzed 80 cases in which changes in 
lung function tests were observed during a period of 
6–12 months before and after the initiation of antifibrotic 
agents. We used Cox proportional hazard regression mod-
els to identify the predictors of survival time after the ini-
tiation of antifibrotic agents, with age at the start of anti-
fibrotic therapy and changes in FVC per year before and 
during the therapy as independent variables. The results 
indicated that a decrease in FVC per year during antifi-
brotic therapy was a risk factor for survival time (Table 7).

3.4 � Adverse Drug Reactions and Discontinuation

Nintedanib was discontinued in 55 out of 81 patients, 
whereas pirfenidone was discontinued in 26 out of 31 
patients. Table 8 lists the reasons for treatment discon-
tinuation, with IPF worsening as the most common reason 
for both drugs.

Table 9 presents the adverse drug reactions (ADRs) for 
such medications. Nintedanib was discontinued in nine 
patients because of liver impairment, and eight patients 
because of diarrhea. Moreover, pirfenidone was discontin-
ued in three patients because of nausea, vomiting, and loss 
of appetite. No deaths were directly attributed to ADRs.

Table 6   Multivariate analysis of predictors of survival for 102 
patients with idiopathic pulmonary Fibrosis

Hazard ratio for 1 year increase in age and 1% decrease in %FVC and 
%DLCO
%FVC percent of predicted forced vital capacity, %DLCO percent of 
predicted diffusing capacity of the lung for carbon monoxide

Variables p-value Hazard ratio (95% 
confidence interval)

Male sex 0.082 1.953 (0.919–4.151)
Age at the start of antifi-

brotic therapy
0.065 1.050 (0.997–1.107)

Use of nintedanib 0.417 1.384 (0.632–3.033)
%FVC 0.398 0.990 (0.968–1.013)
%DLCO 0.447 1.006 (0.991–1.021)

Table 7   Multivariate analysis of predictors of survival for 80 patients 
with idiopathic pulmonary fibrosis

Hazard ratio for 1 year increase in age and 1 mL increase in annual 
decrease in FVC
FVC forced vital capacity

Variables p-Value Hazard ratio (95% 
confidence interval)

Age at the start of antifibrotic 
therapy

0.341 1.022 (0.977–1.069)

Annual decrease in FVC
 Before administration 0.415 1.001 (0.998–1.004)
 During administration 0.018 1.008 (1.001–1.015)

Table 8   Reasons for antifibrotic agent discontinuation

IPF idiopathic pulmonary fibrosis, AE-IPF acute exacerbation of idi-
opathic pulmonary fibrosis, COVID-19 coronavirus disease 2019

Nintedanib 
(n = 81)

Pirfe-
nidone 
(n = 31)

Progression of IPF 26 15
AE-IPF 3 2
Lung cancer 1 0
COVID-19 1 0
Acute myocardial infarction 1 0
Pulmonary embolism 1 0
Cardiac arrest on admission 0 1
Abnormal hepatic function 9 0
Diarrhea 8 1
Vomiting, nausea, and appetite loss 2 3
Skin rash 0 2
Patient refusal 2 2
Economic or social problem 1 0
All cases 55 26

Table 9   Incidence of adverse drug reactions

ADR adverse drug reaction

Nintedanib Pirfenidone

ADRs
 Abnormal hepatic function 15 4
 Diarrhea 32 2
 Vomiting, nausea, and appetite loss 4 18
 Skin rash 0 4

ADRs as reasons for discontinuation
 Liver dysfunction 9 0
 Diarrhea 8 1
 Vomiting, nausea, and appetite loss 2 3
 Skin rash 0 2
 ADRs as reasons for death 0 0
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4 � Discussion

Herein, we demonstrated that antifibrotic drugs suppress 
the decline in FVC in real-world clinical settings in Japan. 
Among the 52 cases of mortality, 9 cases (9.6%, 1.6–17.6) 
were due to acute exacerbation and one case was attrib-
uted to lung cancer. The median survival time from the 
initiation of antifibrotic drug therapy was 38.0 months 
(25.9–50.1), and the decline in FVC during the antifibrotic 
therapy period was identified as a prognostic factor.

The antifibrotic drugs pirfenidone and nintedanib were 
approved in Japan on 12 December 2008 and 31 August 
2015, respectively.

The Hokkaido study is a study that investigated the 
prognosis of IPF in the real-world, targeting Japanese 
patients. This study conducted a survival analysis based 
on data obtained until 30 September 2011, focusing on 
patients diagnosed between 1 January 2003 and 31 Decem-
ber 2007. Among the 553 eligible patients, 328 deaths 
were confirmed, and the median survival time from the 
time of diagnosis was 35 months [15].

Our study and the Hokkaido study have similar patient 
backgrounds. Both studies confirmed the diagnosis of IPF 
by using the CMB through Japan’s healthcare subsidy sys-
tem. The average age was 71.8 ± 7.5 years in our study and 
70.0 ± 9.0 years in the Hokkaido study, with male propor-
tions of 74.5% and 72.7%, respectively. The distribution of 
severity levels I, II, III, and IV according to the JSC in our 
study population was 41.1%, 4.9%, 31.4, and 23.5%, whereas 
that in the Hokkaido study was 43.3%, 12.6%, 22.1%, and 
22.1%, respectively [22]. Furthermore, the distribution of 
stages 1, 2, and 3 according to the GAP model was 52.0%, 
35.3%, and 12.7% in our study, and 44.2%, 36.2%, and 
19.6% in the Hokkaido study, respectively [22].

The Hokkaido study did not mention the use of anti-
fibrotic drugs, but considering the timeline, it is evident 
that patients receiving nintedanib were not included. 
There is a possibility that patients receiving pirfenidone 
after December 2008 were included, but the impact on 
the results is limited. Therefore, the primary difference 
between our study and the Hokkaido study may lie in the 
use of antifibrotic medications.

Japanese individuals have a higher incidence of diffuse 
alveolar damage attributed to factors such as medications 
[23], and acute exacerbation of IPF has been extensively 
reported in Japan [24, 25]. While the proportion of acute 
exacerbations as a cause of death in IPF was 18% in the 
USA [6], it was 40% in the Hokkaido study, and Kondo 
et al. reported 35.1% [26]. In Japan, a high number of 
deaths are believed to be associated with acute exacer-
bation, making acute exacerbation crucial in the clinical 
practice of IPF management in this country.

In our study, acute exacerbation accounted for 9.6% 
(1.6–17.6) of all deaths.

The definition of “death due to acute exacerbation” 
has not been firmly established, making direct compari-
sons difficult. However, in our study, the proportion of 
deaths attributed to acute exacerbation among all deaths 
was lower than that in the Hokkaido study and the report 
by Kondo et al. determining whether antifibrotic medica-
tions can reduce the risk of acute exacerbation and death 
is a crucial clinical challenge. Further investigation is 
necessary.

In our study, the antifibrotic therapy suppressed FVC 
decline, and the rate of mortality caused by acute exac-
erbation in patients receiving antifibrotic therapy tended 
to be lower than that of previous reports. However, the 
median survival duration after initiating antifibrotic ther-
apy was 38.0 (25.9–50.1) months, and we did not observe 
a substantial difference compared with the median survival 
duration of 35 months reported in the Hokkaido study.

Collard et al. reported that changes in FVC over a 6–12-
month period are more important prognostic factors than 
the baseline FVC in patients with IPF [27]. Even with 
equivalent baseline data, a greater decline in FVC over 
time implies a worse prognosis compared with those with 
a lesser decline.

In actual clinical practice in Japan, due to the excessive 
cost of antifibrotic drugs, most patients initiate antifibrotic 
therapy after receiving CMB under the medical expense 
assistance program. This program prioritizes the severity 
level according to the JSC, and for mild cases (JSC I and 
II), the CMB may be withheld until medical expenses reach 
a certain level, making it difficult to administer antifibrotic 
drugs.

Due to such circumstances, many cases with suspected 
IPF undergo observation, and among them, those showing 
a progressive trend are more likely to become eligible for 
enrollment in the medical expense assistance program and 
antifibrotic drug treatment. In our data, a decline in FVC 
after treatment initiation was identified as a risk factor for 
mortality. However, considering the aforementioned circum-
stances, it is possible that cases with a significant decline in 
vital capacity are more likely to be selected for antifibrotic 
drug treatment in real-world clinical practice in Japan.

Among the 80 cases whose changes in vital capacity 
before and after the initiation of antifibrotic therapy were 
examined, the decline in FVC during the 6–12 months 
before treatment initiation was − 484 ± 589 mL/year, and 
at the time of treatment initiation, a yearly decline in vital 
capacity of − 17.6% ± 21.4% compared with the pretreatment 
value was observed. Moreover, the prognostic factor was not 
the change in vital capacity before treatment initiation but 
the change in vital capacity after treatment initiation. The 
tendency in real-world clinical practice in Japan to initiate 
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antifibrotic therapy after waiting for disease progression may 
result in missed opportunities to improve patients’ prognosis.

Jegal et al. examined the prognostic factors in 179 patients 
with IPF by performing a multivariate analysis; they found 
three independent prognostic factors, which included sex, 
change in vital capacity over time, and diffusing capacity 
at baseline [28]. In the individuals with impaired diffusion 
capacity at baseline, initiating antifibrotic therapy without 
waiting for a decline in vital capacity may contribute to the 
improved prognosis.

In the Hokkaido study, the third leading cause of death 
was concomitant lung cancer, accounting for 11% of all 
deaths. The use of nintedanib combined with docetaxel as a 
second-line therapy for advanced non-small-cell lung can-
cer has a significant effect on prolonging the survival time, 
especially in patients with adenocarcinoma [29]. Otsubo 
et al. compared the group of patients receiving single-drug 
chemotherapy with the group of patients receiving chemo-
therapy plus nintedanib for unresectable non-small-cell lung 
cancer concomitant with pulmonary fibrosis, and they found 
that progression-free survival was significantly prolonged in 
the group receiving chemotherapy plus nintedanib [30]. It 
is unclear whether nintedanib helps inhibit the onset of lung 
cancer; however, in the present study, throughout the disease 
course, six out of 102 patients developed lung cancer, and 
death due to lung cancer was extremely low, occurring in 
one of the 102 patients. Excluding cases with concomitant 
lung cancer at the time of IPF diagnosis may have influenced 
the low incidence of death due to lung cancer.

In the present study involving 102 patients, the duration 
from the initiation of antifibrotic therapy to death or cen-
soring was 29.5 ± 21.9 months. However, the mean period 
of antifibrotic agent administration was 22.9 ± 20.1 months, 
and antifibrotic agents were discontinued at a mean duration 
of ~ 7 months before death or censoring. Pirfenidone was 
discontinued in 4 out of 32 patients because of gastroin-
testinal symptoms and in 2 patients because of skin symp-
toms. Furthermore, nintedanib was discontinued in 9 out of 
81 patients because of liver impairment and in 10 patients 
because of gastrointestinal symptoms.

According to Kato et al., in IPF patients receiving nin-
tedanib, the management of side effects of nausea and 
diarrhea can affect the prognosis [31]. Improving the man-
agement of these side effects could contribute to an improve-
ment in prognosis.

Herein, we demonstrated that antifibrotic drugs can 
attenuate the progressive decline of FVC in real-world clini-
cal settings. Furthermore, the mortality rate due to acute 
exacerbation, which is the primary cause of death among 
IPF patients in Japan, was lower in patients receiving antifi-
brotic therapy in our study than in those in previous reports. 
However, the survival period after treatment initiation 
was ~ 3 years and remains low. One of the issues is that in 

actual clinical practice in Japan, treatment is often not initi-
ated until the disease has progressed. Another issue is that 
many patients have to discontinue treatment due to its side 
effects. By selecting appropriate cases for early administra-
tion, reducing treatment discontinuation due to side effects 
through appropriate management, and extending the treat-
ment duration, it is possible to further improve the prognosis 
of IPF patients.

This study has several limitations. First, it is a retrospec-
tive study conducted at a single institution, and the number 
of cases is limited. There may be biases in case selection; 
therefore, our results cannot be immediately generalized to 
the entire Japanese population. Second, as the timing of the 
tests, criteria for starting the drug administration, and crite-
ria for discontinuation were not established, they were dif-
ferent for each patient, and the amount of missing data was 
not small, which could have affected the interpretation of the 
study results. Third, the definition of the diagnostic criteria 
of IPF and acute exacerbation has changed over time, and 
the definition of “death due to acute exacerbation” was not 
established; therefore, it was difficult to compare it with pre-
vious studies. We hope that the effect of antifibrotic agents 
on improving the survival time in patients with IPF will be 
clearer in the future by conducting IPF registry studies in 
different countries, including Japan.

5 � Conclusions

In real-world clinical practice in Japan, antifibrotic therapy 
significantly suppressed the decline in FVC, and the decline 
in FVC after treatment initiation was identified as a risk fac-
tor for mortality. Among the total 52 mortality cases, 5 were 
caused by acute exacerbation, accounting for 9.6% (95% 
confidence interval: 1.6–17.6). The median survival duration 
of 102 patients with IPF who received antifibrotic therapy, 
at 38.0 months (25.9–50.1 months), remained unfavorable.
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