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Abstract
Background

The highly variable clinical course of interstitial lung disease (ILD) makes it di�cult to determine patients’
prognoses. Serum surfactant protein-A (SP-A) and Krebs von den Lungen-6 (KL-6) were known
biomarkers as a monitor of the prognoses. However, the clinical or pathophysiological differences of
those biomarkers are not well evaluated. Therefore, through the comparison of the changes of SP-A and
KL-6 levels before and after treatment, we investigated the clinical or pathophysiological differences
which are embodied by those markers.

Methods

This study included retrospective data for 71 patients treated for ILD at the First A�liated Hospital of
Guangzhou Medical University between August 2015 and September 2019. Serum SP-A and KL-6 levels
were measured before and after treatment. The patients were followed for at least 3 months.

Results

Changes in the serum biomarkers (Delta SP-A and Delta KL-6) were signi�cantly correlated (rS = 0.482, P <
0.001); Delta SP-A and Delta KL-6 were inversely correlated with changes in pulmonary function (P <
0.05). In a cluster analysis of delta SP-A and KL-6 levels, patients were classi�ed into three groups. In the
cluster analysis, in the group in which only SP-A levels decreased after treatment, 50.0% of patients
recovered respiratory function and had a signi�cant reduction of serum LDH levels.

Conclusions

Reduced serum SP-A and/or KL-6 levels were associated with improved lung function in patients with ILD.
However, there were patients who showed only a reduction of SP-A levels after treatment. Thus, for proper
disease monitoring, measuring both markers are important.

Introduction
Interstitial lung disease (ILD) comprises a group of acute and chronic lung diseases characterized by
diffuse pulmonary parenchyma, alveolar in�ammation, and interstitial �brosis. ILD includes both
common and rare clinical diseases. In most cases, the causes remain unclear. ILD can be life-threatening;
its overall mortality rate is as high as 52% [1]. Appropriate diagnosis and treatment are essential for
patients with ILD.

The present ILD diagnostic methods depend on pulmonary function tests (PFT), radiological and
histological examinations, and high-resolution computed tomography (HRCT) [2]. These methods provide
important information for treating ILD. However, ILD’s pathophysiology is complex. Various biomarkers
are used to support the diagnosis of ILD and prognosis evaluation, and these could potentially help
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identify vulnerable patients. Of these, the noninvasive serum biomarkers surfactant protein-A (SP-A) and
Krebs von den Lungen-6 (KL-6) have been found to provide particularly important reference values for
diagnosing ILD, monitoring disease activity, and evaluating prognoses [3-5].

SP-A and KL-6 are produced in the alveoli and released into the bloodstream when the alveoli are
destroyed; therefore, they increase as the disease worsens and decrease as the patient recovers [4, 6-8]. It
is been reported that serum levels of SP-A and KL-6 vary with different disease types, and that they show
different correlations with the ground-glass opacity grade and honeycomb lung grade derived from HRCT
imaging [4, 9-14]. SP-A and KL-6 are also used as blood biomarkers to predict the prognosis of idiopathic
pulmonary �brosis (IPF) patients [15, 16], and SP-A has been identi�ed as a biomarker for various lung
diseases, including acute respiratory distress syndrome, chronic obstructive pulmonary disease, and
progressive systemic sclerosis [17]. Measuring and monitoring serum KL-6 concentration have been
reported to be useful screening tools for ILD and its severity [18-21]. In Japan, serum SP-A and KL-6 levels
are widely used as biomarkers for ILD diagnosis, severity assessment, and prediction of clinical
outcomes. A cut-off value for serum KL-6 of 500 U/mL has been used in clinical practice to distinguish
patients with ILD from healthy individuals or non-ILD patients with pulmonary disease [3, 4].

Despite the increasing number of publications about SP-A and KL-6 in the context of ILD, there has been
no detailed study on the differences between the two biomarkers. Therefore, this study investigated the
characteristics of serum SP-A and KL-6 levels in patients with ILD, comparing levels before and after
treatment, to explore the monitoring value of these biomarkers for predicting ILD prognoses in Chinese
patients.

Methods
Subjects

This retrospective study included data for 71 patients with ILD who were treated at the First A�liated
Hospital of Guangzhou Medical University between August 2015 and September 2019. The Ethical
Committee of the First A�liated Hospital of Guangzhou Medical University approved the study (ethics
approval no. gyfyy-2016-73). All procedures were performed in accordance with the Ethics Committee’s
relevant guidelines and regulations. All the patients provided written informed consent.

Idiopathic interstitial pneumonia (IIP) was classi�ed according to the 2013 American Thoracic
Society/European Respiratory Society (ATS/ERS) consensus [22], and interstitial pneumonia, with
autoimmune features, was diagnosed according to the 2015 ATS/ERS consensus [23]. The diagnostic
criteria for connective tissue disease associated with ILD (CTD-ILD), IPF, hypersensitivity pneumonitis
(HP), and other types of ILD were based on the latest internationally accepted guidelines. The patients in
this study included those with CTD-ILD, IIP, interstitial pneumonia with autoimmune features (IPAF), HP,
and unclassi�able ILD. CTD-ILD included rheumatoid arthritis, systemic sclerosis, primary Sjogren’s
syndrome, polymyositis, dermatomyositis, systemic lupus erythematosus, and mixed connective tissue
disease. IIP included IPF, nonspeci�c interstitial pneumonia, desquamative interstitial pneumonia,
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cryptogenic organizing pneumonia, and acute interstitial pneumonia. The patients were treated with
immunosuppressants or corticosteroids according to the internationally accepted guidelines and their
clinical symptoms. Patients with other connective tissue diseases, autoimmune diseases, malignancies,
infectious diseases, or drug-induced ILD were excluded, as were pregnant and lactating women and
patients aged younger than 18 years.

Collection of clinical information and serum samples

Blood samples were collected before and after treatment to measure serum levels of SP-A and KL-6. The
serum was allocated and stored at –80 °C until analysis. All the patients were followed for at least 3
months. The following data were collected from the patients’ medical records: sex, age, body mass index
(BMI), smoking history, white blood cell (WBC) count, neutrophil (NEUTP), monocyte (MONO), eosinophil
(EOP), and basophil (BASOP) ratios, C-reactive protein (CRP) and lactate dehydrogenase (LDH) levels,
therapeutic drugs used, and lung function.

Pulmonary function test (PFT)

Where possible, lung function parameters, including forced vital capacity (FVC), forced expiratory volume
in 1 s (FEV1), and diffusing capacity for carbon monoxide (DLCO), were measured in accordance with the
Standardization of Spirometry guidelines. Some patients with severe ILD were unable to undergo the PFT.

Measurement of serum SP-A and KL-6 levels

Serum levels of SP-A and KL-6 were measured by a fully automatic immunoanalyzer, the HISCL-5000
(Sysmex Corp., Hyogo, Japan), according to the manufacturer’s instructions. The detection range for SP-A
was 1–1000 ng/mL and that for KL-6 was 10–6000 U/mL. Results higher than the upper detection limit
were excluded from the analysis. The cut-off concentrations were 43.8 ng/mL and 500 U/mL,
respectively. SP-A and KL-6 assay kits were provided by Sysmex Corporation.

De�nitions of disease progressive, improvement, and no change

Disease progressive was de�ned as a decline in FVC ≥10% and/or a decrease in DLCO ≥15%. Disease
improvement was de�ned as an increase in FVC by ≥10% and/or an increase in DLCO by ≥15%. No
change in condition was de�ned as when the FVC changed by <10% and DLCO changed by <15%.

Statistical analyses

The normality of the continuous variables distributions was tested by the Shapiro–Wilk test, and the data
are expressed as mean ± standard deviation for normal distributions or as median with interquartile
range for non-normal distributions. Dichotomous variables are presented as frequencies and
percentages. The chi-squared test was used to analyze the differences in categorical data. Differences in
the serum marker levels between the patient groups were analyzed using the Wilcoxon signed-rank test
and Fisher’s exact test. Other differences between the three patient groups were analyzed using the
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Kruskal-Wallis test, steel-dwass test or Fisher’s exact test. Correlation analyses were performed using
Spearman’s rank correlation analysis. The calculated values were standardized, and an unsupervised
hierarchical cluster analysis was performed using Cluster 3.0 (University of Tokyo Human Genome
Center). The statistical analyses were performed using SPSS for Windows version 22.0 (IBM Corp.,
Armonk, NY, USA) and Cluster 3.0 (University of Tokyo Human Genome Center). P-values <0.05 were
considered signi�cant.

Results
Patient characteristics

Of the 71 patients with ILD included in this study, 36 were diagnosed with CTD-ILD, 20 with IIP, 2 with IPAF,
4 with HP, and 9 with unclassi�ed ILD. Figure S1 shows a �owchart of the allocation of the patients to the
Progressive, Improved, and Unchanged groups, according to the change in pulmonary function before
and after treatment. After treatment, 21 (30%) of the cases were classi�ed as Progressive, 29 (41%) as
Improved, and 21 (30%) as Unchanged groups.

The patients’ clinical baseline characteristics are shown in Table 1. The patients ranged in age from 19 to
80 years, with a median age of 54 (46–64) years; 34 (48%) were male and 17 (24%) were smokers. The
median BMI was 24 (22.02–26.29) kg/m2. The median follow-up time was 8.5 months. The median
values for the lung function parameters (% predicted values for FVC, FEV1, and DLCO) were lower than
the normal range. There were no signi�cant differences in any of the parameters between the three
groups.

Serum SP-A and KL-6 levels before and after treatment 
Pretreatment serum levels of SP-A and KL-6 were not signi�cantly different among the Progressive,
Improved, and Unchanged group (Table 1).

Comparing SP-A and KL-6 levels before and after treatment, in the Progressive group, there was a
signi�cant increase in median serum SP-A levels from 39.6 (33.4–81.4) ng/mL to 75.1 (42.4–95.2)
ng/mL (P < 0.05) and in median serum KL-6 levels from 1329 (980–2138) U/mL to 2409 (1174–4909)
U/mL (P < 0.05). Serum levels of SP-A and KL-6 were above the cutoff level in 47.6% and 95.2% of
patients before treatment; those ratios became 76.2% and 100.0% after treatment (Table 1 and Figure 1 A,
B).

Conversely, in the Improved group, there was a signi�cant decrease in median serum SP-A levels, from
46.3 (32.5–66.2) ng/mL to 36.7 ng/mL (24.1–50.3) ng/mL (P < 0.001) and in median serum KL-6 levels
from 1085 (696.5–3948.5) U/mL to 662 (409.5–1394.5) U/mL (P < 0.05). Serum levels of SP-A and KL-6
were above the cutoff level in 51.7 % and 89.7 % of patients before treatment; those ratios became 33.5%
and 69.0% after treatment (Table 1 and Figure 1 A, B).
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In the Unchanged group, there were no signi�cant changes in median serum SP-A levels [46.3 (39.9–59.6)
ng/mL vs. 46.7 (30.7–62.5) ng/mL; P > 0.05] or in median serum KL-6 levels [1226 (793–2260) U/mL vs.
1266 (639.5–2292.5) U/mL; P > 0.05]. Serum levels of SP-A and KL-6 were above the cutoff level in 52.4%
and 90.5% of patients before treatment; those ratios became 57.1% and 81.0% after treatment (Table 1
and Figure 1 A, B).

Clinical and laboratory parameters before and after treatment

Summarizing the pretreatment and post-treatment values in the three groups of WBC count, NEUTP ratio,
MONO ratio, EOP ratio, CRP, LDH, and the PFT parameters (Figure 1), MONO and EOP ratios showed a
signi�cant decrease in the Improved group (P=0.024 and P = 0.005, respectively; Figure 1E and F,
respectively). The three pulmonary function parameters (% predicted values of DLCO, FVC, and FEV1)
signi�cantly improved in the Improved group, and DLCO and FVC signi�cantly reduced in Progressive
group. These deteriorations and improvements were not statistically signi�cant in the Unchanged group.
(P > 0.05) (Figure 1 I, J, K).

Correlations between changes in Delta KL-6 and Delta SP-A and changes in pulmonary function

Figure 2 shows the results of the correlation analysis of the relationships between pretreatment and post-
treatment changes in the serum biomarker levels (Delta SP-A and Delta KL-6) and predicted PFT
parameters (Delta DLCO, Delta FVC, and Delta FEV1). Delta SP-A showed signi�cant inverse correlations
with Delta DLCO (rS = –0.491, P < 0.001), Delta FVC (rS = –0.441, P < 0.001), and Delta FEV1 (rS = –0.354,
P = 0.003). Similarly, Delta KL-6 showed signi�cant inverse correlations with Delta DLCO (rS = –0.520, P <
0.001), Delta FVC (rS = –0.592, P < 0.001), and Delta FEV1 (rS = –0.610, P < 0.001). We also tested the
correlation between Delta SP-A and Delta KL-6. This showed a signi�cant positive correlation (rS = 0.482,
P < 0.001; Figure 3). However, in Improved patients, cases with decreased SP-A and KL-6 were
inconsistent.

Cluster analysis based on the serum levels of SP-A and KL-6

To explore the pathophysiological differences between KL-6 and SP-A, we classi�ed the patients by
cluster analysis and compared pathophysiological characteristics between the clusters (Figure 4). The
patients were classi�ed into three groups based on the changes in KL-6 and SP-A. In G3 and G1, the levels
of SP-A and KL-6 changed in the same direction: G3, SP-A, and KL-6 all decreased; G1, SP-A, and KL-6 all
increased. On the other hand, only SP-A levels were reduced by treatment in G2. (Figure 5A, B). 
In G1, 56% of patients progressed disease activity. In G3, pretreatment KL-6 levels were signi�cantly
higher than G2. Post-treatment FVC and FEV1 were signi�cantly improved, and 77.8% of patients
improved disease activity. In G2, FVC was signi�cantly improved, and half of patients improved disease
activity (Figure 5C-H). Immune suppressive treatment ratios did not differ signi�cantly among the groups
(Figure 5I). Serum LDH levels and EOP ratios were signi�cantly reduced in G2 (Figure 5J, K). In G3,
pretreatment EOP ratios tended to be higher than other groups but were not statistically signi�cant
(Figure 5L).
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Discussion
KL-6 is a mucin-like, high molecular weight glycoprotein, strongly expressed on type II alveolar
pneumocytes cells. It was discovered in 1985 by Kohno et al. [24], and several studies have reported that
it is a serum marker of ILD. SP-A is a lung-speci�c protein produced by two types of epithelial cells in the
peripheral airway: alveolar type II cells and Clara cells within the lung [21]. Type II lung cells are alveolar
wall cells that proliferate during lung injury repair [7]. Elevated serum levels of SP-A and KL-6 re�ect
increased type II pneumocyte activity in the injured lung, with resultant back-leak into the blood [6, 9, 18-
20]. Serum KL-6 levels are known as a biomarker in the diagnosis, severity assessment, and prediction of
outcomes for patients with ILD, and have been used in Japan [3, 4, 18-20, 25]. In patients with IPF, SP-A is
a useful predictor of mortality and disease progression [15]. It was suggested that serum SP-A has a
potential as a biomarker of the therapeutic outcomes of anti-�brotic drugs [26]. However, although there
are increasing reports about KL-6 and SP-A in the ILD context, there has been little investigation of the
difference between SP-A and KL-6 as biomarkers. Therefore, this study investigated the characteristics of
SP-A and KL-6 based on treatment responses, and we evaluated their value for disease monitoring.

We categorized a decline in FVC ≥10% or in DLCO ≥15% as an indicator of disease progression and an
increase in FCV ≥10% or DLCO ≥15% as disease improvement. In light of previous classi�cations, our
criteria can be considered reasonable [27, 28].

In this study EOP ratios showed a signi�cant reduction after treatment in the Improved group patients.
Eosinophil is one of the Type 2 immune components. As previously reported, T2 immunity is activated in
some ILD patients [30, 31]. Among the patients in this study, EOP ratios were within normal ranges both
before and after treatment. However, there is a possibility that T2 in�ammation of ILD-induced low-level
eosinophilic in�ammation was improved by the immune suppressive treatment of the Improved group
patients.

In pretreatment, 92% of patients showed higher serum KL-6 levels than the previously determined cutoff
levels, whereas in SP-A, only 51% of patients showed higher than the cutoff levels. The cut-off value of
SP-A was de�ned by IPF patients, and sensitivity was reported as 78.8% [30]. In the present study, the
patients were not limited to IPF, which may affect the sensitivity of SP-A.

In the present study, pretreatment serum levels of SP-A and KL-6 did not relate to disease prognosis. It
was reported that pretreatment KL-6 levels was signi�cantly different depending on the response of
pirfenidone therapy for IPF [32]. In the present study, pirfenidone was used on only 6 patients; the
difference of treatment may affect this discrepancy. On the other hand, our study indicated the changes
in serum levels of SP-A and KL-6 correlated signi�cantly with changes in respiratory function, which
re�ects disease activity. These results are also consistent with other reports [6, 10, 11, 26, 28, 32, 33, 35-
38]. Because of the di�culty of respiratory function tests for patients of ILD, this evidence strongly
supports the value of biomarkers in monitoring the activity of ILDs.
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Although there was a signi�cant correlation between Delta SP-A and Delta KL-6, the correlation coe�cient
was not high, suggesting that each marker may represent a different pathophysiology. Ishii et al. [4]
reported that serum SP-A levels were higher in usual interstitial pneumonitis and lower in nonspeci�c
interstitial pneumonia, but KL-6 levels were higher in both. Yoshikawa et al. also indicated that changes in
serum SP-A levels re�ected more strongly the outcomes of anti-�brotic drug therapy than KL-6 levels [26].
SP-A is produced mainly in Clara cells and type II alveolar cells, whereas KL-6 is produced only in type II
alveolar cells [10, 14, 24]. SP-A is a C-type lectin with a molecular weight of 26–38 kDa, whereas KL-6 is a
mucin-like glycoprotein with a large molecular weight of 200 kDa [14, 39]. Biological and biochemical
differences between SP-A and KL-6 are expected to be associated with different pathological changes in
ILD.

To elucidate the pathophysiological differences between SP-A and KL-6, the patients were divided into
three groups (G1, G2, and G3), by cluster analysis, according to the values of Delta SP-A and Delta KL-6.
Pathophysiological characteristics were compared between clusters. Both SP-A and KL-6 were elevated in
the G1 group. In this group, 80% of the patients were categorized as in the Progressive or Unchanged
groups. Despite the higher immune suppressive treatment ratio of this group, respiratory function
decreased. This suggests that non-in�ammatory mechanisms, such as �brosis, may contribute to
pathophysiology.

In the G3 group, the levels of both SP-A and KL-6 decreased, and the patients showed improved
respiratory function. Interestingly, the pretreatment EOP ratio tended to be higher in the G3 patients than
in the other groups. Around 77.8% of the patients overall were treated with immune suppressive
treatment. Although not signi�cantly different due to the small number of patients, the EOP ratio
decreased in 7 of 9 samples. These patients might be sensitive to immune suppressive treatment due to
dependence on Th2 in�ammatory pathophysiology. In the G2 group, only SP-A levels decreased; this also
corresponded to improvement of respiratory function. Interestingly, the LDH and EOP ratios of G2 were
signi�cantly reduced after treatment (Figure 5J), despite the LDH levels of G3 not being changed.
Previous reports suggested the serum levels of LDH have value monitoring disease activity and
progression. It is considered to re�ect pulmonary cell damage [40]. In the acute phase of ARDS that is
caused by COVID-19 infection, it was reported that SP-A levels elevated from a relatively early stage of the
pneumonia [41].

Reportedly, serum SP-A levels increased with acute exacerbations of ILD, whereas KL-6 levels were
elevated in drug-induced pneumonia or CTD-ILD [13]. In addition, SP-A expression was reported to
correlate negatively with �brosis score [42]. Takahashi et al. [10] reported that SP-A levels were
associated with reversible ground-glass opacity levels, but not with indicators of the end stage of �brotic
changes, such as honeycombing. In addition, they reported that SP-A levels were signi�cantly lower in
parenchymal collapse opacity-dominant type patients than in ground-glass opacity-dominant type
patients [10]. Studies have shown that serum SP-A rises faster than KL-6 in the progressive group [43].
This suggests the G2 patients were not at the end stage of the disease, which might explain why their
respiratory function improved with immune suppressive treatment. Compared to KL-6, the lower
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molecular weight of SP-A may provide an advantage in detecting it in blood serum at an earlier stage of
disease.

In summary, although both SP-A and KL-6 are pathological markers that re�ect the disease course with
treatment of patients with ILD; in some patients, only SP-A levels responded to an improvement of the
disease. It is, therefore, important to measure both SP-A and KL-6 levels simultaneously for the
pathophysiological monitoring of patients with ILD.

This has several limitations. First, we included patients with de�nite usual interstitial pneumonitis
patterns on HRCT but without surgical lung biopsies; therefore, misclassi�cation was possible. Second,
this was a retrospective study, and the observation period differed among the patients. Finally, we were
unable to compare the results of serum biomarkers to histopathological patterns because of the lack of
surgical lung biopsies. In the future, we intend to investigate these biomarkers in a prospective study
setting.

Conclusions
In conclusion, our results demonstrated that serum levels SP-A and KL-6 in patients with ILD signi�cantly
decreased in patients who showed disease improvement and signi�cantly increased in patients who
showed disease progression. However, the response of both markers was different according to their
pathophysiological or biological characteristics; measuring both markers are important for understanding
a patient’s pathophysiological condition.
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function tests; HRCT: High-resolution computed tomography; IPF: idiopathic pulmonary �brosis; IIP:
idiopathic interstitial pneumonia; ERS/ATS: European Respiratory Society and American Thoracic Society;
CTD-ILD: connective tissue disease associated with interstitial lung disease; HP: hypersensitivity
pneumonitis; IPAF: interstitial pneumonia with autoimmune features; BMI: body mass index; WBC: white
blood cell count; NEUTP: neutrophil ratio; EOP: eosinophil ratio; BASOP: basophil ratio; CRP: C-reactive
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Table 1. Baseline characteristics of the three groups of patients with ILD
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Variables Progression Group Unchanged Group Improvement
Group

P-value

Number (%) 21 (29.6%) 21 (29.6%) 29 (40.8%) -

Follow-up (months) 9.9 (7.3–12.1) a 6.4 (4.0–10.6) a 7.5 (4.2–14.4) a 0.100c

Age (years) 53 (48.8–63.3) a 54 (45.8–68.0a 55 (44.5–61.3) a 0.642 c

Male (%) 7 (33.3%) 12 (57.1%) 15 (51.7%) 0.262d

BMI (kg/m2) 24.5 (22.7–27.8) a 24.4 (22.7–36.3) a 22.7 (21.4–24.8) a 0.161c

Smoker, n (%) 4 (19.0) 5 (23.8) 8 (27.6) 0.836

WBC (109/L) 8.9 (7.1–10) a 7 (5.3–10.2) a 8.1 (6.6–9.7) a 0.307 c

NEUTP ratio (%) 61.4 (53.8–71.7) a 65.6 (60.7–77.6) a 64 (56.9–71.9) a 0.312 c

MONO ratio (%) 6.7 (5.4-8.5) a 7.6 (5.9-9.5) a 9.5 (6.9-11.3) a 0.477 c

EOP ratio (%) 1 (0.4–3.6) a 1.8 (0.9–2.6) a 3.1 (1–4.6) a 0.162 c

BASOP ratio (%) 0.4 (0.3–0.5) a 0.4 (0.3–0.6) a 0.4 (0.3–0.6) a 0.828 c

CRP (ml/dL) 0.4 (0.1–1.1) a 0.2 (0.1–0.5) a 0.2 (0.1–0.5) a 0.254 c

LDH (U/L) 229 (197.2–260.0)
a

196.7 (179.9–
252.1) a

203.5 (169.2–
216.7) a

0.212 c

DLCO (% predicted) 58.9 (51.2–69.5) a 48.8 (38.5–60.5) a 56 (43.5–68.9) a 0.161 c

FVC (% predicted) 70.2 (62.2–78.4) a 68 (54.67–80.37)
a

69.5 (55.9–75.4) a 0.852 c

FEV1 (% predicted) 77 (58.3–79.5) a 74.9 (55.5–87.3) a 70.9 (58.9–80.5) a 0.789 c

Pretreatment SP-A
(ng/mL)

39.6 (33.4–81.4) a 46.3 (39.9–59.6) a 46.3 (32.5–66.2) a 0.993 c

Post-treatment SP-A
(ng/mL)

75.1 (42.4–95.2) a 46.7 (30.7–62.5) a 36.7 (24.1–50.3) a <0.001c

Pretreatment KL-6
(U/mL)

1329 (980–2138)
a

1226 (793–2260)
a

1085 (696–3948)
a

0.428 c

Post-treatment KL-6
(U/mL)

2409 (1174–
4909) a

1266 (640–2293)
a

662 (410 –1395) a <0.001c

SP-A (>43.8ng/mL)

Pretreatment

 

47.6%
(26.3%-69.0%)b

 

52.4%
(31.0%-73.7%) b

 

51.7%
(33.5%-69.9%) b

1.00d



Page 16/35

Post-treatment 76.2%
(58.0%-94.4%) b

57.1%
(36.0%-78.3%) b

33.5%
(17.2%-51.8%) b

0.013d

KL-6 (>500U/mL)        

Pretreatment

Post-treatment

95.2%
(86.1%-100.0%)

100.0%

90.5%
(77.9%-100.0%)

81.0%
(64.2%-97.7%)

89.7%
(78.6%-100.0%)

69%
(52.1%-85.8%)

0.875d

0.010d

Figures
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Figure 1

Comparison of clinical and laboratory parameters between pretreatment and post-treatment. The patients
were allocated to the Progressive, Unchanged, and Improved groups according to the difference between
pretreatment and post-treatment lung function. A: Serum surfactant protein-A (SP-A) levels. B: Serum
Krebs von den Lungen-6 (KL-6) levels. C: White blood cell (WBC) count. D: Neutrophil ratio (NEUTP). E:
Monocyte ratio (MONO). F: Eosinophil ratio (EOP). G, C-reactive protein (CRP) levels. H: Lactate
dehydrogenase (LDH) levels. I: Percent-predicted diffusing capacity for carbon monoxide (DLCO). J:
Percent-predicted forced vital capacity (FVC). K: Percent-predicted forced expiratory volume in 1s (FEV1);
P-values were calculated by Wilcoxon signed-rank U test. *: P < 0.05, **: P < 0.005, ***: P < 0.001
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Figure 2

Correlations between Delta SP-A and Delta KL-6 and changes in pulmonary function test parameters.
Surfactant protein-A (SP-A); Krebs von den Lungen-6 (KL-6); Diffusing capacity for carbon monoxide
(DLCO); Forced vital capacity (FVC); Forced expiratory volume in 1s (FEV1).
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Figure 2

Correlations between Delta SP-A and Delta KL-6 and changes in pulmonary function test parameters.
Surfactant protein-A (SP-A); Krebs von den Lungen-6 (KL-6); Diffusing capacity for carbon monoxide
(DLCO); Forced vital capacity (FVC); Forced expiratory volume in 1s (FEV1).
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Figure 2

Correlations between Delta SP-A and Delta KL-6 and changes in pulmonary function test parameters.
Surfactant protein-A (SP-A); Krebs von den Lungen-6 (KL-6); Diffusing capacity for carbon monoxide
(DLCO); Forced vital capacity (FVC); Forced expiratory volume in 1s (FEV1).
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Figure 2

Correlations between Delta SP-A and Delta KL-6 and changes in pulmonary function test parameters.
Surfactant protein-A (SP-A); Krebs von den Lungen-6 (KL-6); Diffusing capacity for carbon monoxide
(DLCO); Forced vital capacity (FVC); Forced expiratory volume in 1s (FEV1).
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Figure 3

Correlation between serum Delta KL-6 and Delta SP-A values. The individual dots indicate patients in the
Unchanged (gray), Progressive (black), and Improved (open) groups. SP-A, surfactant protein-A; KL-6,
Krebs von den Lungen-6.
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Correlation between serum Delta KL-6 and Delta SP-A values. The individual dots indicate patients in the
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Figure 3

Correlation between serum Delta KL-6 and Delta SP-A values. The individual dots indicate patients in the
Unchanged (gray), Progressive (black), and Improved (open) groups. SP-A, surfactant protein-A; KL-6,
Krebs von den Lungen-6.
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Figure 4

Unsupervised, hierarchical clustering analysis of Delta SP-A and Delta KL-6 levels. The cluster analysis
was performed by centroid linkage based on correlation distance. Red represents increased biomarker
levels and green represents decreased biomarker levels. The clustering analysis was used to divide the
patients into three groups (G1, G2, and G3). SP-A, surfactant protein-A; KL-6, Krebs von den Lungen-6
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Figure 5

Comparison of respiratory function and prognosis among the three groups identi�ed in the cluster
analysis. A: Delta surfactant protein-A (SP-A) levels. B: Delta Krebs von den Lungen-6 (KL-6) levels. C:
Pretreatment serum SP-A levels. D: Pretreatment serum KL-6 levels. E: Differences in disease prognosis
between the three groups (Black, Progressive group; Gray, Unchanged group; and White, Improved group).
F: Change in percent-predicted forced vital capacity (FVC) pre and post treatment. G: Change in percent-
predicted diffusing capacity for carbon monoxide (DLCO) pre and post treatment. H: Change in percent-
predicted forced expiratory volume in 1s (FEV1) pre and post treatment. I: Differences in immune
suppressive treatment between the three groups (Black, with immune suppressive treatment; White,
without immune suppressive treatment). J: Change in serum lactate dehydrogenase (LDH) levels between
pre and post treatment. K: Change in blood eosinophil ratio (EOP) between pre and post treatment. L:
Pretreatment EOP. The results are presented as individual data points with medians (bars) and
interquartile ranges (boxes). (A-G, L) P-values were calculated by steel-dwass test (A-G, L), Wilcoxon
signed-rank test (F-H, J, K), and Fisher’s exact test (E, I)
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