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Abstract 

Background The serum markers Krebs von den Lungen-6 (KL-6), surfactant protein A (SP-A), and surfactant protein 
D (SP-D) have been used for the diagnosis, differential diagnosis, and prognosis prediction of interstitial pneumo-
nia. However, the significance of measuring the serum and bronchoalveolar lavage fluid (BALF) KL-6, SP-D, and SP-A 
levels in predicting the prognosis of chronic fibrosing interstitial pneumonia (CFIP), idiopathic pulmonary fibrosis, 
and idiopathic nonspecific interstitial pneumonia remains unclear. We aimed to clarify the significance of measuring 
the serum and BALF KL-6, SP-A, and SP-D levels in predicting the prognosis of patients with CFIP.

Methods Among 173 patients who were diagnosed with CFIP between September 2008 and February 2021, 39 
who underwent bronchoalveolar lavage were included in this study. Among these, patients experiencing an annual 
decrease in forced vital capacity (FVC) of ≥10% or those facing challenges in undergoing follow-up pulmonary 
function tests owing to significant deterioration in pulmonary function were categorized as the rapidly progress 
group. Conversely, individuals with an annual decrease in the FVC of <10% were classified into the slowly progress 
group. The serum and BALF KL-6, SP-D, and SP-A levels, as well as BALF/serum SP-D and SP-A ratios were compared 
between the two groups.

Results Among the patients with CFIP, the BALF SP-D level (p=0.0111), BALF SP-A level (p<0.0010), BALF/serum 
SP-D ratio (p=0.0051), and BALF/serum SP-A ratio (p<0.0010) were significantly lower in the rapidly than in the slowly 
progress group (p<0.0010). The receiver operating characteristics analysis results demonstrated excellent performance 
for diagnosing patients with CFIP, with the BALF SP-D level (area under the curve [AUC], 0.7424), BALF SP-A level (AUC, 
0.8842), BALF/serum SP-D ratio (AUC, 0.7673), and BALF/serum SP-A ratio (AUC, 0.8556). Moreover, the BALF SP-A 
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Background
Idiopathic interstitial pneumonia (IIP) encompasses 
diverse conditions with uncertain etiology, with idi-
opathic pulmonary fibrosis (IPF) representing a severe 
subtype of progressive lung fibrosis. Chronic fibros-
ing interstitial pneumonia (CFIP) is a broader category 
covering IPF and other fibrosing IIPs, emphasizing 
their fibrotic nature. While IIP necessitates pathologi-
cal diagnosis, IPF is typically identifiable via high-res-
olution computed tomography (HRCT) [1]. In routine 
care, IIP diagnosis often avoids surgical biopsy due 
to its associated risks, with treatment administered 
accordingly. Hence, identifying prognostic predictors is 
meaningful in patients with CFIP diagnosed by HRCT 
or bronchoscopy (i.e., patients with confirmed IPF and 
others with CFIP), as well as those who are diagnosed 
using surgical lung biopsy, as this strategy will aid in 
decision-making regarding the treatment strategies.

Recently, the serum markers Krebs von den Lungen-6 
(KL-6), surfactant protein A (SP-A), and surfactant 
protein D (SP-D) have been used for the diagnosis and 
differential diagnosis, as well as the prediction of prog-
nosis in patients with interstitial pneumonia, includ-
ing those with IPF [2–8]. The levels of these markers 
are measured in the serum and bronchoalveolar lav-
age fluid (BALF), although the patterns of increase in 
their values are not always consistent. The increase in 
the serum levels of KL-6, SP-D, and SP-A reflects their 
transfer from the alveolar epithelium into the blood 
vessels, whereas the increase in the BALF levels of 
these markers reflects their transfer from the alveolar 
epithelium to the air spaces. Therefore, investigating 
these relationships in detail is of interest in terms of 
understanding the pathological condition of interstitial 
pneumonia.

In this study, we aimed to clarify the significance of 
measuring the serum and BALF KL-6, SP-D, and SP-A 
levels in predicting the prognosis of patients with CFIP 
(IPF and suspected idiopathic nonspecific interstitial 
pneumonia).

Methods
Patients
Among 173 patients who were diagnosed with CFIP 
(including 135 with confirmed IPF) between Septem-
ber 2008 and February 2021 in our institution, 39 who 
underwent bronchoalveolar lavage (BAL) (including 24 
with confirmed IPF) were included in this study. In this 
study, chronic fibrosing interstitial pneumonia (CFIP) 
includes progressive interstitial pneumonias with fibro-
sis, such as idiopathic pulmonary fibrosis (IPF) and 
nonspecific interstitial pneumonia (NSIP). Cases sus-
pected of collagen diseases or chronic hypersensitivity 
pneumonitis were excluded beforehand based on clini-
cal symptoms of autoimmune diseases, autoantibody 
tests, the presence of other organ lesions, environ-
mental history, and occupational history from medi-
cal records. Therefore, CHP or CTD-IP, which do not 
belong to IIPs, are not included. The other CFIP group 
includes cases without evident honeycombing on imag-
ing, which are fNSIP cases, but the possibility of includ-
ing IPF cases cannot be ruled out.

Diagnosis of interstitial pneumonia
A diagnosis of interstitial pneumonia was made by two 
radiologists and one pulmonologist based on chest CT 
findings at the first visit. Patients with confirmed IPF 
were defined as having a video-assisted thoracic sur-
gery (VATS)-based diagnosis or presenting with hon-
eycomb lung. Patients with predominant ground glass 
shadows in the bilateral lower lobes just below the 
pleura, reticular shadows, and traction bronchiectasis 
without an obvious honeycomb structure were defined 
as “patients with other CFIP.”

Investigated items
The following variables were investigated in the BAL 
group: age at the time of BAL; sex; VATS (present/
absent); tissue type; smoking history; forced vital 
capacity (FVC) at the time of BAL; %FVC; serum albu-
min; and serum and BALF KL-6, SP-D, and SP-A lev-
els. Additionally, the length of the observation period, 

level showed a notably superior CFIP diagnostic capability. Survival analysis using the Kaplan–Meier method revealed 
that patients with a BALF SP-A level of <1500 ng/mL and BALF/serum SP-A ratio of <15.0 had poor prognoses.

Conclusions Our results suggest that BALF SP-A measurement may be useful for predicting the prognosis in patients 
with CFIP.

Keywords Bronchoalveolar lavage fluid, Chronic fibrosing interstitial pneumonia, Prognosis, Surfactant protein A, 
Surfactant protein D
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the FVC, the %FVC, and whether or not treatment was 
performed after BAL were examined.

The following variables were investigated in the non-
BAL group: age; sex; VATS (present/absent); tissue type; 
smoking history; forced vital capacity (FVC); %FVC; 
serum albumin; and serum KL-6, SP-D, and SP-A levels 
at the initial visit. Additionally, the length of the obser-
vation period, the FVC, the %FVC, and whether or not 
treatment was performed after the initial visit were 
examined.

Prognostic evaluation
Before conducting the prognostic analysis, survival anal-
ysis was performed in the group of patients with con-
firmed IPF and the other group, excluding those with 
confirmed IPF. The prognosis of CFIP was evaluated 
based on the results of this survival analysis.

Patients were divided into either the “rapidly progress” 
or “the slowly progress” group. The “rapidly progress” 
group consisted of patients with an annual decrease in 
the FVC of ≥10% after BAL and those for whom follow-
up pulmonary function tests were difficult to perform 
due to the significant deterioration in their pulmonary 
function [9]. The “slowly progress” group consisted of 
patients with an annual decrease in the FVC of <10%. The 
serum and BALF levels of KL-6, SP-D, and SP-A, as well 
as their serum/BALF ratios were compared between the 
two groups.

Evaluation of the prognostic performance of each 
biomarker
Receiver operating characteristic (ROC) analysis was 
employed to evaluate the efficacy of biomarkers in distin-
guishing between the rapidly and slowly progress groups.

Survival analyses using the biomarkers
Based on the ROC analysis results, the biomarkers hav-
ing superior progress performance were identified, and 
the cutoff values for the BALF levels and BALF/serum 
ratios were determined. The Kaplan–Meier method was 
used for the survival analyses.

Prognostic performance of each biomarker and survival 
analysis in patients with confirmed IPF and other CFIP
The prognostic performance of the biomarkers showing 
significant differences between the rapidly and slowly 
progress groups was assessed by ROC analysis in patients 
with confirmed IPF and other CFIP. ROC analysis fol-
lowed by survival analysis was conducted to assess the 
diagnostic ability of each biomarker in the BALF and 
their BALF/serum ratios.

Statistical analyses
Nonparametric analyses were performed because the 
data did not show a normal distribution. The values are 
presented as medians with interquartile ranges. The 
Mann–Whitney  U and Chi-squared test were used for 
between-group comparisons. The progress performance 
of each biomarker was assessed by ROC analysis. In addi-
tion, based on the results of the ROC analysis, the cut-
off BAL values and BALF/serum ratios were determined 
for each biomarker; the survival analysis was performed 
using the Kaplan–Meier method. A p-value of <0.05 was 
considered statistically significant. All statistical analy-
ses were performed using Excel Statistics (BellCurve for 
Excel version 3.21: Social Information Service Co., Ltd., 
Tokyo, Japan).

This study was approved by the Ethics Committee of 
National Hospital Organization Omuta National Hos-
pital (Approval number: 29-14) and was conducted in 
accordance with the tenets of the Declaration of Helsinki.

Results
Characteristics of patients with CFIP
The patients’ characteristics are shown in Table 1.

Among 173 patients with CFIP, 39 had undergone BAL 
(BAL group). Concerning the type of CFIP, 135 patients 
had confirmed IPF, of whom four were diagnosed using 
VATS and underwent BAL, and 38 had CFIP other than 
confirmed IPF. The proportion of patients with CFIP 
other than confirmed IPF was significantly higher in the 
BAL group. Moreover, the age and %FVC at the initial 
visit were significantly lower, and the serum KL-6, SP-D, 
and SP-A levels were significantly higher in the BAL 
group than in the non-BAL group. Additionally, the BAL 
group displayed a significantly worse prognosis (Table 1).

The median age of patients with CFIP in the BAL group 
was 74 years, with no significant difference observed 
between the rapidly and slowly progress groups. The pro-
portion of male patients was higher than that of female 
patients in the BAL group, with no significant differ-
ence observed between the rapidly and slowly progress 
groups. Out of a total of 39 CFIP patients, there were 24 
patients with confirmed IPF, including four diagnosed 
via VATS, and 15 patients with CFIP other than con-
firmed IPF. No significant difference was observed in 
the number of patients with confirmed IPF and that of 
those with other CFIP between the rapidly and slowly 
progress groups. Moreover, no significant difference was 
observed between the rapidly and slowly progress groups 
in terms of history of smoking, with 21 and 18 patients 
being smokers and non-smokers, respectively, in the BAL 
group. The median period from the date of BAL to the 
date of last observation was 2.1 years, with a significantly 
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shorter observation period in the rapidly progress group 
relative to that in the slowly progress group. There were 
17 disease-specific death cases in both groups, with the 
rapidly progress group having a significantly higher num-
ber of deaths than the slowly progress group. The median 
FVC at the time of BAL was 2180 mL, with no significant 
difference observed between the rapidly and slowly pro-
gress groups. The median serum albumin, KL-6, SP-D, 
and SP-A levels at the time of BAL were 4.1 g/dL, 1130.0 
U/mL, 262.0 ng/mL, and 71.4 ng/mL, respectively, with 
no significant differences observed between the rapidly 
and slowly progress groups. Concerning treatment, anti-
fibrotic drugs were used in 16 patients in the BAL group, 
with no significant difference observed between the rap-
idly and slowly progress groups (Table 2).

Comparison of each biomarker in the rapidly and slowly 
progress groups
In CFIP patients, there was no significant difference in 
serum SP-D values between the rapidly and slowly pro-
gress groups, but BALF SP-D values and BALF/serum 
ratios were significantly higher in the slowly progress 
group (Fig.  1a). Similarly, there was no significant dif-
ference in serum SP-A values between the rapidly and 
slowly progress groups, but BALF SP-A values and 
BALF/serum SP-A ratio were significantly higher in the 
slowly progress group (Fig. 1a).

In patients with confirmed IPF, there was no significant 
difference in serum and BALF SP-D levels between the 
rapidly and slowly progress groups, but the BALF/serum 
ratio was significantly higher in the slowly progress group 
(Fig.  1b). There was no significant difference in serum 
SP-A values between the rapidly and slowly progress 
groups, but BALF SP-A values and BALF/serum SP-A 
ratio were significantly higher in the slowly progress 
group (Fig. 1b).

In other CFIP patients, there were no significant dif-
ferences in serum SP-D levels and BALF/serum SP-D 
ratio between the rapidly and slowly progress groups, but 
BALF SP-D levels were significantly higher in the slowly 
progress group (Fig.  1c). Similarly, there was no signifi-
cant difference in serum SP-A values between the rapidly 
and slowly progress groups, but BALF SP-A values and 
BALF/serum SP-A ratio were significantly higher in the 
slowly progress group (Fig. 1c).

Prognostic performance of each biomarker
The results of the ROC analysis
The results of the ROC analysis revealed that the progress 
performance of the BALF SP-D level (area under the 
curve [AUC], 0.7424), BALF SP-A level (AUC, 0.8842), 
BALF/serum SP-D ratio (AUC, 0.7673), and BALF/serum 
SP-A ratio (AUC, 0.8556) was excellent, with that of the 
BALF SP-A level being notably superior (Table 3).

Table 1 Patients’ characteristics (n=173)

Data are expressed as medians (ranges)

Alb albumin, BAL bronchoalveolar lavage, FVC forced vital capacity, KL-6 Krebs von den Lungen-6, SP-A surfactant protein A, SP-D surfactant protein D, UIP usual 
interstitial pneumonia, VATS video-assisted thoracic surgery
a Including four cases of death from other diseases and five cases of acute exacerbation
b Including 33 cases of death from other diseases and 21 cases of acute exacerbation
c at the time of BAL of BAL group and at the initial visit of Non-BAL group
d In the non-BAL group, 83 patients did not have pulmonary function tests performed after the initial visit, so progression could not be assessed

Total (n=173) BAL group (n=39) Non-BAL group (n=134) p-value

Age (years) 82 (74–88) 74 (69–78) 84 (78–90) <0.001

Sex (male/female) 121/52 28/11 93/41 0.9296

UIP/Others 135 (VATS diagnosed 
patients: 4)/38

24 (VATS diagnosed 
patients: 4)/15

111/23 0.0091

Smoking history
Present/Absent

107/66 21/18 86/48 0.1286

Survivor/Non-survivor 86/87 18/21a 68/66b 0.7468

FVC (mL)c

%FVC (%)c
2350 (1585–2890)
78.85 (62.6-93.4)

2180 (1510–2640)
72.2 (61.1–84.8)

2400 (1620–2960)
82.3 (65.3–95.6)

0.1650
0.0468

Serum Alb (g/mL)c 3.9 (3.5–4.2) 4.1 (3.7-4.2) 3.8 (3.5–4.1) 0.0304

Serum KL-6 (U/mL)c 733 (435–1168) 1130 (544–1695) 686 (421–927) <0.001

Serum SP-D (ng/mL)c 154.5 (88.5–305.3) 262.0 (165.0–357.5) 137.0 (79.0–240.5) <0.001

Serum SP-A (ng/mL)c 56.5 (38.3–82.5) 71.4 (45.1–113.2) 50.6 (36.1–73.5) 0.0034

Antifibrotic drugs Present/Absent 43/173 14/39 29/134 0.2429

Progression
Good/Poor/unknownd

52/38/83 19/20/0 33/18/83 <0.001
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Survival analysis using the BALF SP‑D level, BALF SP‑A level, 
BALF/serum SP‑D ratio, and BALF/serum SP‑A ratio
The cutoff BALF SP-D level, BALF SP-A level, BALF/
serum SP-D ratio, and BALF/serum SP-A ratio, which 
showed excellent progress performance in the ROC anal-
ysis, were determined to be 369 ng/mL, 1500 ng/mL, 0.9, 
and 15.0, respectively. The survival analysis using these 
cutoff values revealed that patients with a BALF SP-A 
level of ≥1500 ng/mL and those with a BALF/serum 
SP-D ratio of ≥0.9 had a significantly better prognosis, 
and those with a BALF/serum SP-A ratio of ≥15.0 tended 
to have a better prognosis (p=0.0437, p=0.0138, and 
p=0.0653, respectively; Fig. 2a, Fig. 3.

Progress performance of the BALF SP‑D level, BALF SP‑A 
level, BALF/serum SP‑D ratio, and BALF/serum SP‑A ratio 
in patients with confirmed IPF and other CFIP
The ROC analysis revealed that the progress performance 
of the BALF SP-D level (AUC, 0.7197), BALF SP-A level 
(AUC, 0.9021), BALF/serum SP-D ratio (0.7955), and 
BALF/serum SP-A ratio (AUC, 0.8252) was excellent in 
patients with confirmed IPF (Fig.  2b, Table  3); further, 
that of the BALF SP-D level (AUC, 0.8036), BALF SP-A 
level (AUC, 0.8571), BALF/serum SP-D ratio (0.6786), 
and BALF/serum SP-A ratio (AUC, 0.8571) was excel-
lent in patients with other CFIP (Fig. 2c, Table 3). These 

results suggest that BALF SP-A measurement can be use-
ful in predicting the progress in both patients with con-
firmed IPF and those with other CFIP.

Survival analysis using the BALF SP‑A level and BALF/serum 
SP‑A ratio in patients with confirmed IPF and other CFIP
Based on the ROC analysis of IPF, patients were divided 
into two groups according to the cutoff BALF SP-D level 
(300 ng/mL), BALF SP-A level (1500 ng/mL), BALF/
serum SP-D ratio (1.0), and BALF/serum SP-A ratio 
(17.0). The results of the survival analysis revealed no sig-
nificant difference between the two groups (Fig. 2b). For 
CFIP cases other than confirmed IPF, employing cutoff 
values of 325 ng/mL for the BALF SP-D level, 1500 ng/
mL for the BALF SP-A level, 0.8 for the BALF/serum 
SP-D ratio, and 15.0 for the BALF/serum SP-A ratio, 
patients with BALF SP-D levels ≥325 ng/mL, BALP SP-A 
levels ≥1500 ng/mL, BALF/serum SP-D ratios ≥0.8, and 
BALF/serum SP-A ratio ≥15.0 exhibited better progno-
ses (p=0.0236, p=0.0447, p<0.001, and p=0.0024, respec-
tively; Fig. 2c).

Discussion
The prognosis of IPF is poor, with a reported 5-year 
survival rate of 20–40% [10]. In CFIP, diagnostic imag-
ing with HRCT or surgical biopsy/cryobiopsy is used 

Table 2 Patients’ characteristics stratified according to progression (n=39)

Data are expressed as medians (ranges)

Alb albumin, BAL bronchoalveolar lavage, FVC forced vital capacity, KL-6 Krebs von den Lungen-6, SP-A surfactant protein A, SP-D surfactant protein D, UIP usual 
interstitial pneumonia, VATS video-assisted thoracic surgery
a Including one case of death from other diseases and five cases of acute exacerbation
b Including three cases of death from other diseases and none of acute exacerbation

Total (n=39) Rapidly progress 
group (n=20)

Slowly progress group (n=19) p-value

Age (years) 74 (69–78) 76 (70–82) 74 (70–76) 0.3676

Sex (male/female) 28/11 16 /4 12/7 0.4166

UIP/Others 24 (VATS diagnosed 
patients: 4)/15

13/7 11 (VATS diagnosed patients: 4)/8 0.8452

Smoking history
Present/Absent

21/18 11/9 10/9 1.0000

Period from the time of BAL to the date of 
last observation (years)

2.1 (0.8–4.2) 1.2 (0.6–2.1) 3.7 (1.9–5.6) 0.0086

Survivor/Non-survivor 18/21 5/15a 13/6b 0.0020

FVC (mL)
%FVC (%)
at the time of BAL

2180 (1510–2640)
72.2 (61.1–84.8)

2050 (1555–2465)
69.7 (58.4–84.0)

2500 (1500–2780)
78.5 (61.5–87.3)

0.4313
0.3914

Serum Alb at the time of BAL 4.1 (3.7–4.2) 3.9 (3.7–4.2) 4.1 (3.8–4.3) 0.6580

Serum KL-6 at the time of BAL (U/mL) 1130 (544–1695) 1350 (785–1810) 914 (485–1365) 0.1643

Serum SP-D at the time of BAL (ng/mL) 262.0 (165.0–357.5) 301.5 (175.5–439.3) 209.0 (153.0–268.5) 0.1440

Serum SP-A at the time of BAL (ng/mL) 71.4 (45.1–113.2) 95.4 (58.7–111.1) 57.8 (39.5–113.2) 0.1562

Antifibrotic drugs
Present/Absent

16/23 10/10 6/13 0.3990
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for pathological diagnosis to differentiate between IPF 
and nonspecific interstitial pneumonia. Meanwhile, 
owing to the invasive nature of surgical biopsy/cryobi-
opsy and the advanced skills required for these proce-
dures, pathological diagnosis is often avoided despite 
the need to make a differential diagnosis between IPF 
and idiopathic nonspecific interstitial pneumonia when 
HRCT does not show the typical usual interstitial 
pneumonia (UIP). Accordingly, the reported prognostic 
predictors of CFIP were mostly investigated in relation 
to IPF.

In CFIP cases, serial changes in the FVC are consid-
ered the best markers for monitoring disease progres-
sion [9]. In the present study, no significant differences 

were observed between the rapidly and slowly progress 
groups regarding FVC and %FVC at the time of BAL, 
suggesting that comparing these two groups is appro-
priate in evaluating the biomarker levels in BALF.

Prognosis is predicted based on the tests performed at 
the time of initial medical examination, rather than by 
evaluating progress through serial changes in prognostic 
markers, such as the FVC.

In clinical practice, it is meaningful to examine prog-
nostic markers in patients other than those diagnosed 
with typical IPF by HRCT or those diagnosed with IPF 
by surgical biopsy and to identify prognostic markers in 
patients with CFIP. However, to date, no previous study 
has comprehensively examined BALF.

Fig. 1 a CFIP: BALF, BALF/serum ratio. Comparison between the BALF SP-D and SP-A levels and the BALF/serum SP-D and SP-A ratios in the poor 
and good prognoses groups in patients with CFIP; b IPF: BALF, BALF/serum ratio. Comparison between the BALF SP-D and SP-A levels and the BALF/
serum SP-D and SP-A ratios in the poor and good prognoses groups in patients with IPF; c Others: BALF, BALF/serum ratio. Comparison 
between the BALF SP-D and SP-A levels and the BALF/serum SP-D and SP-A ratios between the poor and good prognoses groups in patients 
with CFIP excluding those with confirmed IPF. BALF, bronchoalveolar lavage fluid; CFIP, chronic fibrosing interstitial pneumonia; IPF, idiopathic 
pulmonary fibrosis; SP-A, surfactant protein A; SP-D, surfactant protein D
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Prognostic serum biomarkers for CFIP have been 
reported in several studies, although there is insuf-
ficient evidence regarding their use in daily clinical 
practice.

Concerning KL-6, serial changes in its serum levels 
are associated with prognosis in patients with IPF [2, 3]. 
Moreover, patients with a serum KL-6 level of ≥1000 
U/mL [4–6] have poor prognoses. KL-6 is a glycopro-
tein primarily expressed on the extracellular membrane 
surface of type II alveolar epithelial cells, and it may 
be involved in the promotion of migration, prolifera-
tion, and survival of lung fibroblasts [11, 12]. In CFIP, 
inflammation and fibrosis occur in lung tissue, causing 
damage to alveolar epithelial cells. This damage leads 
to the secretion of KL-6 from the alveolar epithelial 
cells. Additionally, KL-6 may be overexpressed in type 
II alveolar epithelial cells during the repair process of 
damaged alveolar epithelial cells. In this study, no cor-
relation was found between the concentration of KL-6 
in BALF and disease progression. However, the rapidly 
progress group, although not showing a significant dif-
ference, exhibited higher values than the slowly pro-
gress group, with a median serum KL-6 level of ≥1000 
U/mL. This is consistent with previous reports and 
may reflect damage to alveolar epithelial cells. Because 
KL-6 is a glycoprotein expressed on the surface of type 
II alveolar epithelial cells, it is speculated that in the 
favorable prognosis group, the repair mechanism pro-
gresses efficiently, reducing the extent of damage, thus 
preventing excessive secretion of KL-6.

On the other hand, in the slowly progress group, it is 
thought that surfactant is actively produced by type II 
alveolar epithelial cells, repairing the damaged alveolar 
epithelium and maintaining alveolar function through 
excessive secretion.

Regarding SP-D, patients with serum SP-D levels of 
≥250 ng/mL [7] have been reported to have a poor prog-
nosis, and in our study, the median SP-D level in the 
rapid progression group was also ≥250 ng/mL. In our 
study, there was a significant difference in BALF SP-D 
levels between the rapidly progress and slowly progress 
groups of CFIP. However, survival analysis did not show 
a significant difference between BALF SP-D ≥ 369 ng/mL 
and SP-D < 369 ng/mL. Nevertheless, the survival curve 
of BALF SP-D ≥ 369 ng/mL consistently showed higher 
survival rates compared to SP-D < 369 ng/mL, suggest-
ing that a larger sample size might yield a significant dif-
ference. The BALF/serum ratio of SP-D was significantly 
lower in the rapidly progress group. This finding suggests 
that SP-D, being more hydrophilic compared to SP-A, 
tends to migrate into the serum [13].

Patients with serum SP-A levels of ≥80 ng/mL [8] have 
been reported to have a poor prognosis, and in our study, 
the median level in the rapidly progress group was also 
≥80 ng/mL. There are few prior studies examining BALF. 
McCormack et al. reported that in IPF, patients who died 
within 2 years had lower BALF SP-A/PL compared to 
survivors, and patients with low BALF SP-A/PL levels 
had a poorer prognosis according to survival curves [14]. 
Although this study mainly focused on CFIP patients, an 
analysis limited to confirmed cases of IPF revealed that 
BALF SP-A levels had the highest prognostic value, con-
sistent with previous reports. Furthermore, Nishikiori 
et al. reported no difference in BALF SP-A levels between 
IPF patients and healthy individuals [13]. Although we 
did not examine BALF SP-A levels in healthy individu-
als in our study, it is plausible that the lack of significant 
findings in Nishikiori et  al.’s study could be attributed 
to the inclusion of both good and poor prognosis cases 
among the IPF patients they investigated.

Our findings are of high clinical significance, as simi-
lar results were obtained in patients with CFIP excluding 
those with HRCT- or pathologically-diagnosed UIP.

We previously reported that, in patients with IIP and 
UIP diagnosed by surgical biopsy, the SP-A expression in 
the lesion tissue significantly decreased in patients with a 
poor prognosis [13]. Takezaki et al. performed a genomic 
analysis of families with familial IPF and reported that 
mutations in the gene encoding SFTPA1, one of the 
constituent molecules of SP-A, cause hyposecretion of 
SFTPA1 from type II alveolar epithelial cells, thereby 
increasing the sensitivity of type II alveolar epithelial 
cells to necroptosis and possibly leading to pulmonary 

Table 3 Receiver operating characteristics analysis

AUC  area under the curve, BALF bronchoalveolar lavage fluid, CFIP chronic 
fibrosing interstitial pneumonia, IPF idiopathic interstitial pneumonia, SP-A 
surfactant protein A, SP-D surfactant protein D

AUC Cutoff value p-value

CFIP
    SP-D (BALF) 0.7424 369 0.0029

    SP-D (BALF/serum ratio) 0.7673 0.9251 <0.001

    SP-A (BALF) 0.8842 1500 <0.001

    SP-A (BALF/serum ratio) 0.8556 15.0 <0.001

IPF
    SP-D (BALF) 0.7197 300 0.0453

    SP-D (BALF/serum ratio) 0.7955 1.0 0.0018

    SP-A (BALF) 0.9021 1500 <0.001

    SP-A (BALF/serum ratio) 0.8252 17.0 <0.001

Others
    SP-D (BALF) 0.8036 325 0.0213

    SP-D (BALF/serum ratio) 0.6786 0.80 0.2423

    SP-A (BALF) 0.8571 1500 <0.001

    SP-A (BALF/serum ratio) 0.8571 15.0 0.0041
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Fig. 2 Survival analyses of patients with (a) CFIP; (b) IPF; and (c) CFIP excluding those with confirmed IPF. The Kaplan–Meier method was used 
for the survival analyses. CFIP, chronic fibrosing interstitial pneumonia; IPF, idiopathic pulmonary fibrosis
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fibrosis [14]. This suggests that patients with decreased 
BALF SP-A levels may have had increased necroptosis 
of type II alveolar epithelial cells, which may have led to 
the progression of pulmonary fibrosis, resulting in their 
poor prognosis. Moreover, SP-A has also been reported 
to induce a natural immune effect [15]; thus, it is possi-
ble that the decrease in the production of SP-A in type 
II alveolar epithelial cells may have concurrently caused 
pulmonary infection and induced acute exacerbation and 
worsened the prognosis.

The present study had some limitations. First, the 
sample size was small as BAL was not performed in all 
patients with CFIP. This decision stemmed from the 
established diagnostic criteria for typical IPF, where 
imaging findings often suffice, making BAL unneces-
sary. In addition, BAL was performed in selected patients 
potentially exhibiting higher activity levels relative to 
others in the overall population of patients with CFIP. 
Second, this study was conducted at a single center. Thus, 
future studies with a larger sample size are needed. Third, 
it was not possible to pathologically diagnose all patients 

for whom a definitive diagnosis of UIP could not be made 
using HRCT. Despite these limitations, we believe that 
our findings are significant as they suggest the potential 
usefulness of BAL SP-A measurement in predicting the 
prognosis for patients with CFIP given the large number 
of cases, in which surgical biopsy is not feasible in clinical 
practice.

Conclusions
Our findings indicate the potential utility of BALF SP-A 
measurement as a prognostic marker in CFIP cases. 
Future multicenter studies may further validate its use-
fulness, facilitating treatment decisions without invasive 
procedures like surgical biopsy or cryobiopsy for CFIP.
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