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Abstract 

Background: Clinical course of pleuroparenchymal fibroelastosis (PPFE) shows considerable variation among 
patients, but there is no established prognostic prediction model for PPFE.

Methods: The prediction model was developed using retrospective data from two cohorts: our single-center cohort 
and a nationwide multicenter cohort involving 21 institutions. Cox regression analyses were used to identify prognos-
tic factors. The total score was defined as the weighted sum of values for the selected variables. The performance of 
the prediction models was evaluated by Harrell’s concordance index (C-index). We also examined the usefulness of 
the gender-age-physiology (GAP) model for predicting the prognosis of PPFE patients.

Results: We examined 104 patients with PPFE (52 cases from each cohort). In a multivariate Cox analysis, a lower 
forced vital capacity (FVC [defined as FVC < 65%]; hazard ratio [HR], 2.23), a history of pneumothorax (HR, 3.27), the 
presence of a lower lobe interstitial lung disease (ILD) (HR, 2.31), and higher serum Krebs von den Lungen-6 (KL-6) 
levels (> 550 U/mL, HR, 2.56) were significantly associated with a poor prognosis. The total score was calculated as 
1 × (FVC, < 65%) + 1 × (history of pneumothorax) + 1 × (presence of lower lobe ILD) + 1 × (KL-6, > 550 U/mL). PPFE 
patients were divided into three groups based on the prognostic score: stage I (0–1 points), stage II (2 points), and 
stage III (3–4 points). The survival rates were significantly different in each stage. The GAP stage was significantly 
associated with the prognosis of PPFE, but no difference was found between moderate (stage II) and severe (stage 
III) disease. Our new model for PPFE patients (PPFE Prognosis Score) showed better performance in the prediction of 
mortality in comparison to the GAP model (C-index of 0.713 vs. 0.649).

Conclusions: Our new model for PPFE patients could be useful for predicting their prognosis.
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Background
Pleuroparenchymal fibroelastosis (PPFE) is a rare subtype 
of interstitial lung disease (ILD) that consists of elastofi-
brosis that is predominantly located in the upper lobes 
[1–5]. Clinically, patients with PPFE have some unique 
features that are uncommon in other ILDs, such as 

progressive weight loss and restrictive ventilatory impair-
ment with increased residual volume (RV) [6–8]. The 
vast majority of PPFE patients die of chronic respiratory 
failure [9], and their 5-year survival rate was reported to 
be 23.3–58.9% [8, 10–12]. Although the clinical course of 
PPFE shows considerable variation among patients, there 
are no established models for predicting the prognosis of 
PPFE. Previous studies have suggested several promis-
ing prognostic factors, including older age [13], male sex 
[9, 12, 14, 15], dyspnea [12], pneumothorax events [16], 
lower body mass index (BMI) [17], coexistent ILD [7, 8, 
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10, 15, 18] or usual interstitial pneumonia (UIP) pattern 
in the lower lobes [8, 13, 18–20], lower elector spinae 
muscle attenuation on computed tomography (CT) [14], 
lower arterial blood oxygenation [17], lower forced vital 
capacity (FVC) [13, 19], lower diffusing capacity of the 
lung for carbon monoxide  (DLCO) [13], and higher serum 
levels of Krebs von den Lungen-6 (KL-6) [8, 13, 21], and 
higher serum latent TGF-β binding protein-4 (LTBP-4) 
levels [22].

The gender-age-physiology (GAP) model has been 
widely used as a prognostic scoring system for patients 
with idiopathic pulmonary fibrosis (IPF) [23]. This model 
is also reported to be useful for predicting mortality in 
patients with chronic hypersensitivity pneumonitis, con-
nective tissue disease-associated ILD, idiopathic non-
specific interstitial pneumonia, and unclassifiable ILD 
[24]. Shioya et al. reported that a higher GAP model was 
associated with poorer survival in a small retrospective 
cohort of patients with idiopathic PPFE [25].

The aim of this study was to develop a new prognostic 
prediction model for PPFE and to compare its prognostic 
ability with the GAP model.

Materials and methods
Subjects
This study was conducted with approval from the insti-
tutional review boards (Approval Numbers: 16-2-23 and 
C20-09-002). We retrospectively enrolled PPFE patients 
from two cohorts.

First, in cohort 1, we retrospectively reviewed the med-
ical records of the Department of Respiratory Medicine 
at Fukuoka University Chikushi Hospital from 2000 to 
2020. Consecutive patients with suspected PPFE were 
collected. We excluded patients who had been diagnosed 
with ILD other than PPFE by clinical, radiological, or 
histological examinations (if available). The diagnosis of 
PPFE (definite PPFE, radiologically and physiologically 
probable PPFE, and radiologically probable PPFE) was 
made according to the criteria proposed by Watanabe 
et al.[26] (Table 1).

Second, in cohort 2, patients who were enrolled in a 
nationwide multicenter study of PPFE conducted by the 
Tokyo Diffuse Lung Disease Study Group in 2015 were 
examined [8]. Twenty-one participating institutions pre-
sented cases with PPFE diagnosed at each institution 
from 2002 to 2015. The summarized clinical records 
and imaging and histological data were independently 
reviewed in advance by the core members of this project: 
four clinicians, two radiologists, and four pathologists. 
The group then held an open panel discussion on the 
cases. Two months later, there was an additional meeting 
to make a final decision on cases with a diagnosis of PPFE 

after multidisciplinary discussions based on the previous 
meeting [8].

Clinical data
Clinical data at the diagnosis of PPFE were abstracted 
from the patients’ medical records. We examined the 
clinical background, including age, sex, underlying dis-
eases, smoking history, history of pneumothorax before 
the diagnosis, and BMI; the physical examination of fine 
crackles and finger clubbing; laboratory findings (KL-6, 
surfactant protein A [SP-A], and SP-D); respiratory func-
tion parameters (FVC, the ratio of RV to total lung capac-
ity [RV/TLC], and DLco); the six-minute walk distance, 
and the lowest  SpO2. We also examined the modified 
Medical Research Council breathlessness scale (mMRC) 
and GAP score. These variables were measured at the 
diagnosis of PPFE.

Radiological data
When any fibrotic lesions were observed in the lower 
lobes on radiological imaging, we decided whether the 
pattern of fibrosis was classified as a UIP pattern. In this 
study, the UIP pattern was defined as definite and prob-
able UIP patterns according to the current guidelines 
for IPF [27], while ILD was defined as any pattern of 
fibrosis including the UIP pattern and PPFE. The judg-
ment was made using CT images obtained closest to the 
date of the diagnosis. All images were reviewed by two 
observers. Interobserver disagreements were resolved by 
consensus. Representative chest images showing a UIP 
pattern and ILD in the lower lobes of PPFE patients are 
shown in Additional file  1: Figure S1 (Additional file  1: 
Table  S1). Patients with PPFE have an abnormally nar-
rowed anterior–posterior thoracic dimension (flat chest). 

Table 1 Each diagnostic category of pleuroparenchymal 
fibroelastosis

Circles indicate the required components for the diagnosis

Symptoms: Dry cough or exertional dyspnea with insidious onset

Histology: Subpleural zonal or wedge-shaped dense fibrosis consisting of 
collapsed alveoli and collagen-filled alveoli with septal elastosis

Radiology: Subpleural airspace consolidation with traction bronchiectasis in 
upper lobes, and bilateral upward shift of hilar structures and/or volume loss in 
upper lobes

Physiology: RV/TLC %pred. ≥ 115% and/or BMI ≤ 20 plus RV/TLC %pred. ≥ 80%

Modified from Watanabe et al. [26]

Definite PPFE Radiologically 
probable PPFE

Radiologically and 
physiologically 
probable PPFE

Symptom ◯ ◯
Histology ◯
Radiology ◯ ◯ ◯
Physiology ◯
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We evaluated the flat chest index which was defined as 
the ratio of the anteroposterior diameter of the thoracic 
cage divided by the transverse diameter of the thoracic 
cage at the level of the sixth thoracic vertebra on a chest 
CT scan, as described previously [28, 29]. The measure-
ment was made using the CT image obtained closest to 
the date of the diagnosis.

Statistical analysis
All continuous variables are expressed as the 
mean ± standard deviation and all categorical variables 
are expressed as the number (percentage). Fisher’s exact 
test was used to compare categorical variables. For con-
tinuous variables, differences in the mean values were 
assessed by Student’s t-test for unpaired data. The sur-
vival time was defined as the period from the diagnosis 
to death, lung transplantation, or last contact. Survival 
events were defined as death or lung transplantation. 
The survival curves were plotted by the Kaplan–Meier 
method, and differences between the curves were ana-
lyzed using a log-rank test. The significance of differences 
between mean values was assessed by an analysis of vari-
ance followed by the Holm method for multiple compari-
sons [30].

We binarized the continuous variables by rounding 
the number of the mean value. We analyzed the relation-
ship between these variables and the prognosis. Univari-
ate and multivariate Cox regression analyses were used 
to identify prognostic factors. Stepwise selection using 
Akaike’s information criterion (AIC) was performed for 
variables with p values of < 0.10 in a univariate analysis. 
A scoring system was built by proportionally weighting 
the regression coefficients of the prognostic factors. Each 
prognostic factor was multiplied by the round number of 
each Cox coefficient value divided by the smallest coef-
ficient value. The total score of each patient was defined 
as the weighted sum of values for the selected varia-
bles. When the total score could not be determined for 
a patient due to missing data, the patient was excluded 
from the development and internal validation of a scoring 
system. To reduce the overfitting bias of the model, inter-
nal validation using the bootstrap method was performed 
1000 times. The performance of the prediction models 
was evaluated by Harrell’s concordance index (C‐index). 
P values of < 0.05 were considered to indicate statistical 
significance. All statistical analyses were performed using 
R (version 4.0.3: R Foundation for Statistical Computing, 
Vienna, Austria).

Results
Patient characteristics
A total of 104 patients with PPFE (52 patients from each 
cohort) were eligible for inclusion in this study. The 

patient backgrounds of the two cohorts are summarized 
in Additional file 1: Table S1. Age was significantly higher 
in cohort 1, and the percentages of patients with a history 
of pneumothorax and complications of ILD and UIP in 
the lower lobes were higher in cohort 2. The diagnostic 
categories of the PPFE patients were as follows: definite 
PPFE (n = 55), radiologically and physiologically probable 
PPFE (n = 29), and radiologically probable PPFE (n = 20). 
The patient characteristics are summarized in Table  2. 
A consort diagram of the enrolled patients is shown in 
Additional file 1: Figure S2.

The mean age of the enrolled PPFE patients was 
65.3 ± 12.8  years and 58.7% of the patients were male. 
More than half (57.4%) of the patients were never smok-
ers. Ten of the 104 patients (9.61%) had underlying con-
ditions of PPFE (ulcerative colitis [n = 3], bone marrow 
transplantation [n = 3], rheumatoid arthritis [n = 1], 
microscopic polyangiitis [n = 1], chemotherapy [n = 1], 
and lung transplantation for underlying lung disease 
[n = 1]). Enrolled patients had physiological characteris-
tics of PPFE, including low BMI (18.1 ± 3.05 kg/m2), low 
flat chest index (0.57 ± 0.06), low %FVC (66.1 ± 20.9%), 
and high %RV/TLC (126 ± 30.7%). The UIP pattern was 
observed as a complication in 31.7% of the patients, while 

Table 2 Patient characteristics

BMI body mass index, mMRC modified Medical Research Council breathlessness 
scale, KL-6 Krebs von den Lungen-6, SP surfactant protein, FVC forced vital 
capacity, RV residual volume, TLC total lung capacity, DLCO diffusing capacity of 
the lung for carbon monoxide, 6MT six-minute walk test, UIP usual interstitial 
pneumonia, ILD interstitial lung disease

Factor n = 104

Age, years 65.3 ± 12.8

Sex, male 61 (58.7%)

Underlying disease, secondary 10 (9.61%)

Smoking history, yes 43 (42.6%)

History of pneumothorax, yes 21 (20.2%)

BMI, kg/m2 18.1 ± 3.05

Fine crackles, yes 44 (43.6%)

Finger clubbing, yes 8 (7.7%)

mMRC, 0/1/2/3/4 (n = 94) 24/28/25/12/5

KL-6, U/ml (n = 101) 556 ± 308

SP-A, ng/ml (n = 47) 52.2 ± 23.0

SP-D, ng/ml (n = 84) 266 ± 208

%FVC, % (n = 99) 66.1 ± 20.9

%RV/TLC, % (n = 86) 126 ± 30.7

%DLCO, % (n = 88) 83.0 ± 30.4

6MT distance, m (n = 51) 372 ± 148

6MT lowest  SpO2, % (n = 58) 92.4 ± 4.24

Flat chest index 0.57 ± 0.06

UIP pattern in the lower lobes, yes 33 (31.7%)

ILD in the lower lobes, yes 68 (65.4%)
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ILD was observed in 65.4%. The median follow‐up period 
was 1453 ± 1297  days and 49 patients died or under-
went lung transplantation during the observation period. 
Twenty-one of the 104 patients (20.2%) had a history of 
pneumothorax before the time of the diagnosis, and the 
cumulative incidence of pneumothorax at the end of the 
observation period was 41.3% (43 of 104 patients).

The 5-year overall survival rate was 54.0% (Fig. 1). The 
survival curves did not differ to a statistically significant 
extent among the diagnostic categories (definite PPFE, 
radiologically and physiologically probable PPFE, or radi-
ologically probable PPFE) (Fig. 2).

GAP stage
The survival curves in each GAP stage are shown in 
Fig.  3. The GAP stage was significantly associated with 
the prognosis (p = 0.001). Although the survival curves 
for the stage I patients indicated better survival in com-
parison to stage II (p = 0.025) and III (p < 0.001) patients, 
no difference was found between stage II and III patients 
(p = 0.27). The C-index of the GAP stage was 0.649.

Cox regression analyses and the development 
of the prognostic prediction model
The variables were binarized as follows: age (< 65 vs. 
≥ 65  years), gender (male or female), underlying dis-
ease (idiopathic or secondary), BMI (< 18 vs. ≥ 18  kg/
m2), smoking history (yes or no), history of pneumotho-
rax (yes or no), fine crackles (yes or no), finger clubbing 
(yes or no), KL-6 (< 550 vs. ≥ 550 U/ml), SP-A (< 50 vs. 
≥ 50  ng/ml), SP-D (< 270 vs. ≥ 270  ng/ml), %FVC (< 65 
vs. ≥ 65%), %RV/TLC (< 125 vs. ≥ 125%), %DLco (< 85 

vs. ≥ 85%); six-minute walk distance (< 370 vs. ≥ 370 m), 
lowest  SpO2 in six-minute walk (< 92 vs. ≥ 92%), flat 
chest index (< 0.57 vs. ≥ 0.57), UIP pattern in the lower 
lobes (yes or no), ILD in the lower lobes (yes or no), and 
mMRC (0–1 vs. 2–4).

The following variables were identified as signifi-
cant by univariate Cox regression analyses: history of 

Fig. 1 Kaplan–Meier survival curve for PPFE patients

Fig. 2 The Kaplan–Meier survival curves of PPFE patients stratified 
by each diagnostic category R and P probable indicates radiologically 
and physiologically probable PPFE, and R probable indicates 
radiologically probable PPFE

Fig. 3 The Kaplan–Meier survival curves for PPFE patients stratified 
by the GAP stage
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pneumothorax, low BMI, high KL-6, low %FVC, and 
presence of ILD in the lower lobes (Table 3). The follow-
ing variables were not statistically significant but had 
p values of < 0.1: mMRC, %DLCO, and flat chest index 
(Table 3). These variables were therefore included in the 
stepwise selection. The following variables were finally 
selected: %FVC, history of pneumothorax, ILD in the 
lower lobes, and KL-6.

According to the coefficient values calculated by a 
multivariate Cox regression analysis using the selected 
variables (Table 4), 1 point was assigned to each factor to 
obtain the total score. The total score was thus calculated 
as 1 × (FVC, < 65%) + 1 × (history of  pneumothorax, 

yes) + 1 × (ILD in the lower lobes, yes) + 1 × (KL-6, > 550 
U/mL) (range: 0–4) (Table  5). We divided the patients 
into three groups based on their survival patterns: stage 
I (0–1 points), stage II (2 points) and stage III (3–4 
points). The survival rates were significantly different 
in each stage (overall, p < 0.001; I vs. II, p = 0.0029; I vs. 
III, p < 0.001; II vs. III, p = 0.019) (Fig. 4). The new grad-
ing method (PPFE Prognosis Score) showed moderate 
performance in predicting the survival of PPFE patients 
(C-index of 0.713). The median value of the bootstrap-
adjusted C-index was 0.711, which was much better than 
that of the GAP model (0.649). The comparison between 
the GAP score and the PPFE Prognosis Score is shown in 
Table 6.

Discussion
We developed a new prognostic prediction model (PPFE 
Prognosis Score) for PPFE patients, which uses the fol-
lowing variables: FVC, history of pneumothorax, ILD in 
the lower lobes, and serum KL-6 level. This model dem-
onstrated better performance in predicting the mortality 
of PPFE patients than the GAP model.

The GAP stage was significantly associated with the 
prognosis of PPFE but was not sensitive for distinguish-
ing between moderate (stage II) and severe (stage III) 
disease. The GAP model is a useful scoring system for 
predicting the prognosis in various types of ILD [23, 24]. 
PPFE has two different radiological and physiological 
aspects: pulmonary fibrosis and chest wall deformity [1–
5, 31, 32]. PPFE differs from the majority of ILDs in that 
the elastofibrosis in PPFE is predominantly located in the 
upper lobes [1–5, 31]. In addition, chest wall abnormality 
(platythorax or flattened thoracic cage) is a unique char-
acteristic of PPFE [28, 29, 31, 32]. Thus, the prognostic 
factors or prognostic prediction models for PPFE may 
differ from other ILDs.

Using our proposed simple prognostic model (PPFE 
Prognosis Score), the prognosis of PPFE patients was sig-
nificantly stratified at each stage. The following factors 
were included in our model: FVC, history of pneumotho-
rax, ILD in the lower lobes, and serum KL-6 levels. Kono 
et al. [19] examined 89 patients with idiopathic PPFE and 

Table 3 Univariate Cox regression analysis

HR hazard ratio, CI confidence interval, BMI body mass index, mMRC modified 
Medical Research Council breathlessness scale, KL-6 Krebs von den Lungen-6, 
SP surfactant protein, FVC forced vital capacity, RV residual volume, TLC total 
lung capacity, DLCO diffusing capacity of the lung for carbon monoxide, 6MT six-
minute walk test, UIP usual interstitial pneumonia, ILD interstitial lung disease

Variables HR (95% CI) P value

Age (> 65 year) 1.53 (0.85–2.76) 0.15

Gender (male) 0.88 (0.49–1.57) 0.66

Underlying disease (yes) 0.59 (0.18–1.92) 0.38

Smoking history (yes) 0.96 (0.53–1.75) 0.91

History of pneumothorax (yes) 2.98 (1.61–5.51)  < 0.001

BMI (< 18 kg/m2) 2.32 (1.29–4.17)  < 0.01

Fine crackles (yes) 1.38 (0.78–2.42) 0.27

Finger clubbing (yes) 0.53 (0.13–2.18) 0.38

mMRC (2–4) 1.76 (0.98–3.15) 0.058

KL-6 (> 550 U/ml) 2.62 (1.46–4.7)  < 0.01

SP-A (> 50 ng/ml) 1.34 (0.62–2.89) 0.46

SP-D (> 270 ng/ml) 1.39 (0.76–2.55) 0.29

%FVC (< 65%) 2.01 (1.12–3.59) 0.019

%RV/TLC (> 125%) 1.00 (0.52–1.92) 0.99

%DLCO (< 85%) 1.99 (1.00–3.94) 0.05

6MT distance (< 270 m) 1.64 (0.76–3.56) 0.21

6MT lowest  SpO2 (< 92%) 1.16 (0.56–2.41) 0.69

Flat chest index (< 0.57) 1.73 (0.99–3.05) 0.056

UIP pattern in the lower lobes (yes) 1.57 (0.89–2.76) 0.12

ILD in the lower lobes (yes) 2.50 (1.21–5.19) 0.014

Table 4 Multivariate Cox regression analysis with selected variables

HR hazard ratio, CI confidence interval, FVC forced vital capacity, ILD interstitial lung disease, KL-6 Krebs von den Lungen-6

*ILD in the lower lobes indicates any pattern of fibrosis including the UIP pattern and PPFE

Variables HR (95% CI) P value Coefficient value Integral 
coefficient

%FVC (< 65%) 2.23 (1.21–4.10) 0.01 0.801 1

History of pneumothorax (yes) 3.27 (1.68–6.38) < 0.001 1.186 1

ILD in the lower lobes* (yes) 2.31 (1.05–5.10) 0.038 0.838 1

KL-6 (> 550 U/ml) 2.56 (1.39–4.72) < 0.01 0.941 1
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showed that low %FVC and the coexistence of lower-lobe 
ILD on CT, especially the UIP pattern, may predict poor 
survival in patients with idiopathic PPFE. Recently, Oda 
et al. [13] conducted a study of 164 patients with PPFE, 
which has been the largest cohort to date, and showed 
that age, FVC, DLco, KL-6, and the complication of UIP 

were independent prognostic factors for patients with 
PPFE [13]. These studies suggested that low %FVC and 
the coexistence of UIP are strong predictors of survival in 
patients with PPFE.

We hypothesize that the prognosis of PPFE patients 
complicated with ILD including UIP is poorer than that 
in patients without ILD due to the presence of their pro-
gressive fibrosis in both the upper and lower lobes. UIP 
is the most common pattern of ILD in the lower lobes 
of PPFE patients [7, 10, 33], and some studies showed 
that coexistent UIP is associated with a poor outcome 
in PPFE patients [8, 18, 19]. In our study, fewer patients 
were complicated with the UIP pattern in comparison to 
the ILD pattern (33/104 cases vs. 68/104 cases). Coex-
istent UIP was not associated with a poor outcome in 
PPFE patients possibly because of the small sample size. 
Meanwhile, Enomoto et  al. [10] showed that there was 
no significant difference in the prognosis between PPFE 
patients with a UIP pattern and those with other fibro-
sis. Therefore, the pattern of fibrosis (UIP or ILD) that 
should be included in the prognostic model for PPFE may 
change in future studies.

A prior history of pneumothorax at the time of the 
diagnosis was included in our prognosis prediction 
model for PPFE. Pneumothorax is one of the major 
complications in PPFE patients, and pneumothorax in 
patients with PPFE is sometimes recurrent and untreata-
ble [1, 2, 6, 10, 33–36]. The importance of pneumothorax 
as a prognostic factor in PPFE patients has rarely been 
examined. Kono et  al. [16] examined 89 patients with 

Table 5 Points assigned for each variable in the prognostic 
prediction model

FVC forced vital capacity, ILD interstitial lung disease, KL-6 Krebs von den 
Lungen-6

*ILD in the lower lobes indicates any pattern of fibrosis including the UIP pattern 
and PPFE

Variables Classification Points

%FVC (< 65%) Yes 1

No 0

History of pneumothorax Yes 1

No 0

ILD in the lower lobes* Yes 1

No 0

KL-6 (> 550U/ml) Yes 1

No 0

Stage Grade

I 0–1

II 2

III 3–4

Fig. 4 The Kaplan–Meier survival curves and survival rates in PPFE 
patients stratified by our prediction model

Table 6 The comparison between GAP score and PPFE 
prognosis score

The figures in parentheses indicate the corresponding points

GAP gender-age-physiology, FVC forced vital capacity, DLCO diffusing capacity of 
the lung for carbon monoxide, ILD interstitial lung disease, KL-6 Krebs von den 
Lungen-6

*ILD in the lower lobes indicates any pattern of fibrosis including the UIP pattern 
and PPFE

Predictor GAP score PPFE prognosis score

Gender female (0), male (1) –

Age, year ≤ 60 (0), 61–65 (1), 
> 65 (2)

–

FVC, % predicted > 75 (0), 50–75 (1), < 50 
(2)

≥ 65 (0), < 65 (1)

DLCO, % predicted > 55 (0), 36–55 (1), ≤ 35 
(2), cannot perform (3)

–

History of pneumo-
thorax

– No (0), yes (1)

ILD in the lower 
lobes*

– No (0), yes (1)

KL-6, U/ml – ≤ 550 (0), > 550 (1)

Total points I (0–3), II (4–5), III (6–8) I (0–1), II (2), III (3–4)
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idiopathic PPFE and showed that a prior history of pneu-
mothorax is significantly associated with poorer out-
comes. The incidence of pneumothorax might be higher 
in PPFE patients with advanced stages than those with 
early stages. In this study, the incidence of pneumotho-
rax at the time of the diagnosis was not very high (20.2%); 
however, it increased to 41.3% at the end of the obser-
vation period. Tanizawa et al. [37] reported that 80% of 
patients with PPFE had a history of pneumothorax at the 
time of registration for lung transplantation. Therefore, a 
history of pneumothorax could reflect the severity of the 
disease in PPFE patients.

Several serum biomarkers (e.g., KL-6, SP-A, and SP-D) 
are useful in the diagnosis of ILD [38]. Among them, 
serum KL-6 is the most sensitive biomarker in predict-
ing the prognosis of IPF [39, 40]. Some studies have 
shown that high serum KL-6 levels are associated with a 
poor prognosis in patients with PPFE [8, 13, 21]. Fibrotic 
lesions in patients with PPFE begin in the upper lobes 
and progress to the lower lobes [8, 41]. Serum KL-6 is 
usually within the normal range or around the upper nor-
mal limit in PPFE patients without ILD in the lower lobes 
[8, 41]. The more frequent association of ILD in the lower 
lobes suggests that coexisting non-PPFE fibrosing ILD 
is the main cause of the elevated levels of serum KL-6 
in advanced-stage PPFE [8]. Therefore, it is reasonable 
to consider that higher serum KL-6 levels are associated 
with a poorer prognosis in PPFE patients.

The present study was associated with some limita-
tions. Although considering the rarity of PPFE, this 
study had a significant number of cases, the sample size 
was too small to perform an external validation analysis 
of the model. Second, treatment was not considered in 
our model. No treatments have been proven to be effec-
tive for PPFE. Nintedanib, a tyrosine kinase inhibitor, has 
become available for progressive fibrosing ILD and may 
affect the prognosis of the enrolled patients. However, 
the impact of the drug is negligible because the use of 
nintedanib for progressive fibrosing ILD was started in 
Japan in 2020. In addition, a retrospective study showed 
that the efficacy of antifibrotic agents was limited in PPFE 
patients with UIP [42]. Third, we have recently reported 
that high serum LTBP-4 levels may be associated with 
a poor prognosis in PPFE patients [22]; however, serum 
LTBP-4 was not measured in the present study.

Conclusion
In conclusion, the results of the present study suggest 
that our new model for PPFE patients could be useful for 
predicting their prognosis.

Abbreviations
AIC: Akaike’s information criterion; BMI: body mass index; CT: computed 
tomography; DLCO: diffusing capacity of the lung for carbon monoxide; FVC: 
forced vital capacity; GAP model: gender-age-physiology model; HR: hazard 
ratio; ILD: interstitial lung disease; IPF: idiopathic pulmonary fibrosis; KL-6: 
Krebs von den Lungen-6; LTBP-4: latent TGF-β binding protein-4; mMRC scale: 
modified Medical Research Council breathlessness scale; PPFE: pleuroparen-
chymal fibroelastosis; RV: residual volume; SP: surfactant protein; TLC: total 
lung capacity; UIP: usual interstitial pneumonia.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12931- 021- 01810-z.

Additional file 1. Table S1. Patient characteristics in each cohort. Figure 
S1. UIP pattern and ILD in the lower lobes. Figure S2. Consort diagram of 
the enrolled patients.

Acknowledgements
Not applicable.

Authors’ contributions
YK contributed to the design and the concept of the study, data analysis, 
and writing of the manuscript, and funding acquisition. TI, TM, YU, YY, HK, 
MF contributed to the data analysis and final approval of the manuscript. TO 
and KW contributed to the concept of the study and the final approval of 
the manuscript. HI contributed to the design and concept of the study, data 
analysis, project administration, and funding acquisition. All authors read and 
approved the final manuscript.

Funding
This work was supported by JSPS KAKENHI Grant Numbers JP21K16153 and 
JP19K08638.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article and its supplementary information files. The datasets used and/or ana-
lyzed during the current study are available from the corresponding author 
on request.

Declarations

Ethical approval and consent to participate
This study was conducted with approval from the institutional review boards 
at Fukuoka University Hospital (Approval Numbers: 16-2-23 and C20-09-002).

Consent for publication
Not applicable.

Competing interests
Not applicable.

Author details
1 Department of Respiratory Medicine, Fukuoka University Chikushi Hospital, 
1-1-1 Zokumyoin, Chikushino, Fukuoka 818-8502, Japan. 2 Department of Res-
piratory Medicine, Fukuoka University Hospital, Fukuoka, Japan. 3 Department 
of Respiratory Medicine, Kanagawa Cardiovascular and Respiratory Center, 
Kanagawa, Japan. 4 Department of Respiratory Medicine, Nishi Fukuoka Hospi-
tal, Fukuoka, Japan. 

Received: 29 May 2021   Accepted: 17 July 2021

https://doi.org/10.1186/s12931-021-01810-z
https://doi.org/10.1186/s12931-021-01810-z


Page 8 of 9Kinoshita et al. Respir Res          (2021) 22:215 

References
 1. Amitani R, Niimi A, Niimi A, Kuse F. Idiopathic pulmonary upper lobe 

fibrosis. Kokyu. 1992;11:693–9.
 2. Frankel SK, Cool CD, Lynch DA, Brown KK. Idiopathic pleuroparenchymal 

fibroelastosis. Chest [Internet]. 2004;126:2007–13.
 3. Travis WD, Costabel U, Hansell DM, King TE, Lynch DA, Nicholson AG, 

et al. An official American Thoracic Society/European Respiratory Society 
statement: update of the international multidisciplinary classification 
of the idiopathic interstitial pneumonias. Am J Respir Crit Care Med. 
2013;188:733–48.

 4. Kinoshita Y, Watanabe K, Ishii H, Kushima H, Fujita M, Nabeshima K. Prolifera-
tion of elastic fibres in idiopathic pulmonary fibrosis: a whole-slide image 
analysis and comparison with pleuroparenchymal fibroelastosis. Histopa-
thology. 2017;71:934–42.

 5. Kinoshita Y, Ishii H, Nabeshima K, Watanabe K. The pathogenesis and pathol-
ogy of idiopathic pleuroparenchymal fibroelastosis. Histol Histopathol. 
2021;36:291-303.

 6. Watanabe K. Pleuroparenchymal fibroelastosis: its clinical characteristics. 
Curr Respir Med Rev [Internet]. 2013;9:229–37.

 7. Oda T, Ogura T, Kitamura H, Hagiwara E, Baba T, Enomoto Y, et al. Distinct 
characteristics of pleuroparenchymal fibroelastosis with usual intersti-
tial pneumonia compared with idiopathic pulmonary fibrosis. Chest. 
2014;146:1248–55.

 8. Ishii H, Watanabe K, Kushima H, Baba T, Watanabe S, Yamada Y, et al. Pleu-
roparenchymal fibroelastosis diagnosed by multidisciplinary discussions in 
Japan. Respir Med. 2018;141:190–7.

 9. Suzuki Y, Fujisawa T, Sumikawa H, Tanaka T, Sugimoto C, Kono M, et al. Dis-
ease course and prognosis of pleuroparenchymal fibroelastosis compared 
with idiopathic pulmonary fibrosis. Respir Med [Internet]. 2020;171:106078. 
https:// doi. org/ 10. 1016/j. rmed. 2020. 106078.

 10. Enomoto Y, Nakamura Y, Satake Y, Sumikawa H, Johkoh T, Colby TV, et al. 
Clinical diagnosis of idiopathic pleuroparenchymal fibroelastosis: a retro-
spective multicenter study. Respir Med [Internet]. 2017;133:1–5.

 11. Fujisawa T, Mori K, Mikamo M, Ohno T, Kataoka K, Sugimoto C, et al. Nation-
wide cloud-based integrated database of idiopathic interstitial pneumonias 
for multidisciplinary discussion. Eur Respir J [Internet]. 2019;53:1802243.

 12. Nakamura Y, Mori K, Enomoto Y, Kono M, Sumikawa H, Johkoh T, et al. Prog-
nostic and clinical value of cluster analysis in idiopathic pleuroparenchymal 
fibroelastosis phenotypes. J Clin Med [Internet]. 2021;10:1498. https:// doi. 
org/ 10. 1183/ 13993 003. congr ess- 2019. OA1928.

 13. Oda T, Sekine A, Tabata E, Iwasawa T, Takemura T, Ogura T. Comparison of 
clinical characteristics and outcomes between idiopathic and secondary 
pleuroparenchymal fibroelastosis. J Clin Med Internet. 2021;10:846.

 14. Suzuki Y, Yoshimura K, Enomoto Y, Yasui H, Hozumi H, Karayama M, et al. 
Distinct profile and prognostic impact of body composition changes in idi-
opathic pulmonary fibrosis and idiopathic pleuroparenchymal fibroelasto-
sis. Sci Rep [Internet]. 2018;8:14074.

 15. Khiroya R, Macaluso C, Montero MA, Wells AU, Chua F, Kokosi M, et al. Pleu-
roparenchymal fibroelastosis: a review of histopathologic features and the 
relationship between histologic parameters and survival. Am J Surg Pathol 
[Internet]. 2017;41:1683–9.

 16. Kono M, Nakamura Y, Enomoto Y, Yasui H, Hozumi H, Karayama M, et al. 
Pneumothorax in patients with idiopathic pleuroparenchymal fibroelastosis: 
incidence, clinical features, and risk factors. Respiration. 2021;100:19–26.

 17. Hayashi H, Nei T, Abe S, Saito Y, Kokuho N, Atsumi K, et al. Body mass index 
and arterial blood oxygenation as prognostic factors in patients with idi-
opathic pleuroparenchymal fibroelastosis. Sarcoidosis Vasc Diffus Lung Dis. 
2017;34:35–40.

 18. Kato M, Sasaki S, Kurokawa K, Nakamura T, Yamada T, Sasano H, et al. Usual 
interstitial pneumonia pattern in the lower lung lobes as a prognostic 
factor in idiopathic pleuroparenchymal fibroelastosis. Respiration [Internet]. 
2019;97:319–28.

 19. Kono M, Fujita Y, Takeda K, Miyashita K, Tsutsumi A, Kobayashi T, et al. Clini-
cal significance of lower-lobe interstitial lung disease on high-resolution 
computed tomography in patients with idiopathic pleuroparenchymal 
fibroelastosis. Respir Med [Internet]. 2019;154:122–6. https:// doi. org/ 10. 
1016/j. rmed. 2019. 06. 018.

 20. Namba M, Masuda T, Takao S, Terada H, Yamaguchi K, Sakamoto S, et al. 
Extent of pulmonary fibrosis on high-resolution computed tomography is a 
prognostic factor in patients with pleuroparenchymal fibroelastosis. Respir 
Investig [Internet]. 2020;58:465–72. https:// doi. org/ 10. 1016/j. resinv. 2020. 05. 
009.

 21. d’Alessandro M, Bellisai F, Bergantini L, Cameli P, D’Alessandro R, Mazzei MA, 
et al. Prognostic role of KL-6 in SSc-ILD patients with pleuroparenchymal 
fibroelastosis. Eur J Clin Invest Internet 2021;51:e13543.

 22. Kinoshita Y, Ikeda T, Kushima H, Fujita M, Nakamura T, Nabeshima K, et al. 
Serum latent transforming growth factor-β binding protein 4 as a novel 
biomarker for idiopathic pleuroparenchymal fibroelastosis. Respir Med 
[Internet]. 2020;171:106077.

 23. Ley B, Ryerson CJ, Vittinghoff E, Ryu JH, Tomassetti S, Lee JS, et al. A multidi-
mensional index and staging system for idiopathic pulmonary fibrosis. Ann 
Intern Med. 2012;156:684–95.

 24. Ryerson CJ, Vittinghoff E, Ley B, Lee JS, Mooney JJ, Jones KD, et al. Predicting 
survival across chronic interstitial lung disease: the ILD-GAP model. Chest. 
2014;145:723–8.

 25. Shioya M, Otsuka M, Yamada G, Umeda Y, Ikeda K, Nishikiori H, et al. Poorer 
prognosis of idiopathic pleuroparenchymal fibroelastosis compared with 
idiopathic pulmonary fibrosis in advanced stage. Can Respir J [Internet]. 
2018. https:// doi. org/ 10. 1155/ 2018/ 60430 53% 0ARes earch.

 26. Watanabe K, Ishii H, Kiyomi F, Terasaki Y, Hebisawa A, Kawabata Y, et al. 
Criteria for the diagnosis of idiopathic pleuroparenchymal fibroelastosis: a 
proposal. Respir Investig [Internet]. 2019;57:312–20.

 27. Raghu G, Remy-Jardin M, Myers JL, Richeldi L, Ryerson CJ, Lederer DJ, 
et al. Diagnosis of idiopathic pulmonary fibrosis. An official ATS/ERS/JRS/
ALAT Clinical Practice Guideline. Am J Respir Crit Care Med [Internet]. 
2018;198:e44–68. https:// doi. org/ 10. 1164/ rccm. 201807- 1255ST.

 28. Harada T, Yoshida Y, Kitasato Y, Tsuruta N, Wakamatsu K, Hirota T, et al. The 
thoracic cage becomes flattened in the progression of pleuroparenchymal 
fibroelastosis. Eur Respir Rev [Internet]. 2014;23:263–6. https:// doi. org/ 10. 
1183/ 09059 180. 00006 713.

 29. Ikeda T, Kinoshita Y, Ueda Y, Sasaki T, Kushima H, Ishii H. Physiological criteria 
are useful for the diagnosis of idiopathic pleuroparenchymal fibroelastosis. J 
Clin Med [Internet]. 2020;9:3761.

 30. Chan AOO, Jim MH, Lam KF, Morris JS, Siu DCW, Tong T, et al. Prevalence of 
colorectal neoplasm among patients with newly diagnosed coronary artery 
disease. JAMA [Internet]. 2007;298:1412–9.

 31. Watanabe K. Two different aspects of pleuroparenchymal fibroelastosis: 
a disease of pulmonary fibrosis, and of the chest wall. J Med Surg Pathol. 
2016;01:8–11.

 32. Ikeda T, Kinoshita Y, Ueda Y, Sasaki T, Kushima H, Ishii H. Severe and progres-
sive platythorax disproportionate to lung fibrosis : a rare variant of idiopathic 
pleuroparenchymal fibroelastosis. Respir Med Case Reports [Internet]. 
2021;33:101395. https:// doi. org/ 10. 1016/j. rmcr. 2021. 101395.

 33. Reddy TL, Tominaga M, Hansell DM, von der Thüsen JH, Rassl D, Parfrey H, 
et al. Pleuroparenchymal fibroelastosis: a spectrum of histopathological and 
imaging phenotypes. Eur Respir J. 2012;40:377–85.

 34. Becker CD, Gil J, Padilla ML. Idiopathic pleuroparenchymal fibroelasto-
sis: an unrecognized or misdiagnosed entity? Mod Pathol [Internet]. 
2008;21:784–7.

 35. Shiota S, Shimizu K, Suzuki M, Nakaya Y, Sakamoto K, Iwase A, et al. Seven 
cases of marked pulmonary fibrosis in the upper lobe. Nihon Kokyuki Gak-
kai Zasshi. 1999;37:87–96.

 36. Azoulay E, Paugam B, Heymann MF, Kambouchner M, Haloun A, Valeyre 
D, et al. Familial extensive idiopathic bilateral pleural fibrosis. Eur Respir J. 
1999;14:971–3.

 37. Tanizawa K, Handa T, Kubo T, Chen-Yoshikawa TF, Aoyama A, Motoyama H, 
et al. Clinical significance of radiological pleuroparenchymal fibroelastosis 
pattern in interstitial lung disease patients registered for lung transplanta-
tion: a retrospective cohort study. Respir Res [Internet]. 2018;19:162. https:// 
doi. org/ 10. 1186/ s12931- 018- 0860-6.

 38. Ohnishi H, Yokoyama A, Kondo K, Hamada H, Abe M, Nishimura K, et al. 
Comparative study of KL-6, surfactant protein-A, surfactant protein-D, and 
monocyte chemoattractant protein-1 as serum markers for interstitial lung 
diseases. Am J Respir Crit Care Med [Internet]. 2002;165:378–81.

 39. Yokoyama A, Kohno N, Hamada H, Sakatani M, Ueda E, Kondo K, et al. 
Circulating KL-6 predicts the outcome of rapidly progressive idiopathic 
pulmonary fibrosis. Am J Respir Crit Care Med [Internet]. 1998;158:1680–4.

 40. Yokoyama A, Kondo K, Nakajima M, Matsushima T, Takahashi T, Nishimura 
M, et al. Prognostic value of circulating KL-6 in idiopathic pulmonary fibrosis. 
Respirology [Internet]. 2006;11:164–8.

 41. Watanabe K, Nagata N, Kitasato Y, Wakamatsu K, Nabeshima K, Harada T, 
et al. Rapid decrease in forced vital capacity in patients with idiopathic 
pulmonary upper lobe fibrosis. Respir Investig [Internet]. 2012;50:88–97.

https://doi.org/10.1016/j.rmed.2020.106078
https://doi.org/10.1183/13993003.congress-2019.OA1928
https://doi.org/10.1183/13993003.congress-2019.OA1928
https://doi.org/10.1016/j.rmed.2019.06.018
https://doi.org/10.1016/j.rmed.2019.06.018
https://doi.org/10.1016/j.resinv.2020.05.009
https://doi.org/10.1016/j.resinv.2020.05.009
https://doi.org/10.1155/2018/6043053%0AResearch
https://doi.org/10.1164/rccm.201807-1255ST
https://doi.org/10.1183/09059180.00006713
https://doi.org/10.1183/09059180.00006713
https://doi.org/10.1016/j.rmcr.2021.101395
https://doi.org/10.1186/s12931-018-0860-6
https://doi.org/10.1186/s12931-018-0860-6


Page 9 of 9Kinoshita et al. Respir Res          (2021) 22:215  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 42. Sugino K, Ono H, Shimizu H, Kurosawa T, Matsumoto K, Ando M, et al. Treat-
ment with antifibrotic agents in idiopathic pleuroparenchymal fibroelastosis 
with usual interstitial pneumonia. ERJ Open Res [Internet]. 2021;7:00196–
2020. https:// doi. org/ 10. 1183/ 23120 541. 00196- 2020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1183/23120541.00196-2020

	A proposed prognostic prediction score for pleuroparenchymal fibroelastosis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Subjects
	Clinical data
	Radiological data
	Statistical analysis

	Results
	Patient characteristics
	GAP stage
	Cox regression analyses and the development of the prognostic prediction model

	Discussion
	Conclusion
	Acknowledgements
	References


