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ABSTRACT

Background and Objectives: The highly variable clinical course of interstitial lung
disease (ILD) makes it difficult to predict patient prognosis. Serum surfactant protein-A
(SP-A) and Krebs von den Lungen-6 (KL-6) are known prognostic biomarkers.
However, the clinical or pathophysiological differences in patients with these biomarkers
have not been well evaluated. We investigated the clinical and pathophysiological
differences through the comparison of SP-A and KL-6 levels before and after treatment.
Methods: This study included retrospective data from 91 patients who were treated for ILD
between August 2015 and September 2019. Serum SP-A and KL-6 levels were measured
before and after treatment. The patients were followed up for 3 months. Results: Changes in
the serum biomarkers (Delta SP-A and Delta KL-6) were found to be significantly correlated
(rs =0.523, P <0.001); Delta SP-A and Delta KL-6 were inversely correlated with changes in
pulmonary function (% predicted values of diffusing capacity for carbon monoxide [DLCO],
forced vital capacity [FVC], and forced expiratory volume in 1 s [FEV1]). Patients were divided
into four groups based on their Delta SP-A and Delta KL-6 levels in a cluster analysis (G1, G2,
G3, and G4). Both SP-A and KL-6 were elevated in the G1 group, with all the patients enrolled
classified as progressive or unchanged, and 86.4% of patients showed improved disease
activity in the G4 group, where both SP-A and KL-6 levels were reduced. In the G2 group, only
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INTRODUCTION parenchyma, alveolar inflammation, and
interstitial fibrosis. ILD includes both
Interstitial lung disease (ILD) comprises a ~ common and rare clinical diseases. In most
group of acute and chronic lung diseases  cases, the causes remain unclear. ILD can
characterized by diffuse pulmonary  belife-threatening, with an overall mortality
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rate as high as 52%.1" Approptiate diagnosis and prognosis
are essential for patients with ILD.

The present ILD diagnosis depends on pulmonary function
tests (PFTs), radiological and histological examinations, and
high-resolution computed tomography (HRCT).” These
methods provide important information for the treatment
of ILD. However, the pathophysiology of ILD is complex.
Various biomarkers are used to support both the diagnosis
of ILD and its prognosis evaluation, as they are potentially
helpful in identifying vulnerable patients. Among these
markers are the noninvasive serum biomarkers surfactant
protein-A (SP-A) and Krebs von den Lungen-6 (KL-0),
which have been found to provide particularly important
reference values for diagnosing ILD, monitoring disease
activity, and evaluating prognosis.’~!

SP-A and KL-6 are produced in the alveoli and released
into the bloodstream when the alveoli are destroyed,
causing their levels to increase as the disease worsens and
decrease as the patient recovers.*® It has been reported
that serum levels of SP-A and KI.-6 vary with different
disease types and show different correlations with the
ground-glass opacity grade and honeycomb lung grade
detived from HRCT imaging.**~" SP-A and KL-6 are
also used as blood biomarkers to predict the prognosis of
idiopathic with pulmonary fibrosis (IPF) patients,!>' and
SP-A has been identified as a biomarker for various lung
diseases, including acute respiratory distress syndrome,
chronic obstructive pulmonary disease, and progressive
systemic sclerosis.I'"l Measuring and monitoring serum
KL-6 concentrations have been reported to be useful for
screening ILD and determining its severity."*! 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 KI.-6 of 500
U/mL has been used in clinical practice to distinguish
patients with ILD from healthy individuals or non-I1LD
patients with pulmonary disease.*l

Despite the increasing number of publications on SP-A and
KI-6 in the context of ILD, there have been no detailed
studies on the differences between the two biomarkers.
This study investigated the characteristics of serum SP-A
and KL-06 levels in patients with ILD, comparing the levels
before and after treatment, to explore the monitoring
value of these biomarkers for predicting ILD prognosis
in Chinese patients.

METHODS

Subjects
This retrospective study included data from 91 patients
with ILD who were treated at the First Affiliated Hospital

of Guangzhou Medical University between August 2015
and September 2019, and included 71 healthy volunteers as
the control group. This study was approved by the Ethical
Committee of the First Affiliated Hospital of Guangzhou
Medical University (ethics approval no. gyfyy-2016-73).
All procedures were performed in accordance with the
guidelines and regulations of the ethics committee. Written
informed consent was obtained from all patients.

All patients with ILD were diagnosed using HRCT, PFT,
serologic domain with specific autoantibodies, and clinical
systems. Idiopathic interstitial pneumonia (IIP) was classified
according to the 2013 American Thoracic Society/European
Respiratory Society (ATS/ERS) consensus,? and interstitial
pneumonia with autoimmune features was diagnosed
according to the 2015 ATS/ERS consensus.” The diagnostic
criteria for connective tissue disease associated with ILD
(CTD-ILD), IPE, hypersensitivity pneumonitis (HP), and
other types of ILD were based on the clinical and/or
serological domain criteria specified by the ERS/ATS task
force. The patients in this study included those with CTD-ILD,
IIP, interstitial pneumonia with autoimmune features (IPAF),
HP, and unclassifiable ILD. CTD-ILD included rheumatoid
arthritis, systemic sclerosis, primary Sjogren’s syndrome,
polymyositis, dermatomyositis, systemic lupus erythematosus,
and mixed connective tissue disease. 1IP included IPF,
nonspecific interstitial pneumonia, desquamative interstitial
pheumonia, cryptogenic organizing pneumonia, and acute
interstitial pneumonia. The patients were either treated with
immunosuppressants or with corticosteroids according to
the internationally accepted guidelines and their clinical
symptoms (ze., glucocorticoids alone or in combination
with azathioprine, cyclophosphamide, pirfenidone, ez.).
Patients with other connective tissue diseases, autoimmune
diseases, malighancies, infectious diseases, or drug-induced
ILD; pregnant and lactating women; and patients <18 years
were excluded.

Collection of clinical information and serum samples
Blood samples were collected before and after treatment to
measure the serum levels of SP-A and KI.-6. The serum
was separated and stored at —80 °C until analysis. All
patients were followed up for atleast 3 months. The clinical
follow-up 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
pulmonary function.

Pulmonary function tests
Where possible, lung function parameters, including
forced vital capacity (FVC), forced expiratory volume
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in 1 s (FEV1), and diffusing capacity for carbon
monoxide (DLCO), were measured in accordance with the
Standardization of Spirometry guidelines. However, 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 using 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 for KI.-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 KI.-6 assay kits were provided
by Sysmex Corporation (Kobe, Japan).

Definitions of disease progression, improvement,
and no change

Disease progression was defined as a decline in FVC by
>10% and/or a decrease in DLCO by >15%. Disease
improvement was defined as an increase in FVC by 210%
and/or an increase in DLCO by =15%. No change in
condition was defined as an FVC change of <10% and a
DLCO change of <15%.

Statistical analyses

The normality of the continuous variable distributions
was tested using the Shapiro—Wilk test, and the data
were expressed as mean F 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 Kruskal-Wallis
test, Steel-Dwass test, or Fishet’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). 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). Statistical significance was set at P <0.05.

RESULTS

Basic information about the study subjects

The results revealed no significant differences in age and
gender between patients with ILD and healthy controls.
Serum SP-A and KI-6 levels were significantly higher in
ILD patients than in healthy controls (P < 0.001) (Table S1).

Of the 91 patients with ILD included in this study, 36
(39.56%) were diagnosed with CTD-ILD, 20 (21.98%)
with 1IP, 22 (24.18%) with IPAL, 4 (4.39%) with HP,
and 9 (9.89%) with unclassified ILD. Table S2 shows no
significant differences in serum SP-A and KL-6 levels in
different pathological types of ILDs pretreatment and
post-treatment, that is, among patients with CTD-ILD,
IIP, IPAF and others (patients with HP or with unclassified
ILD). Figure S1 shows a flowchart of allocation of the
patients to progressive, improved, and unchanged groups,
according to the change in pulmonary function before and
after treatment. After treatment, 27 (29.67%) of the cases
were classified as progressive, 36 (39.56%) as improved,
and 28 (30.77%) as unchanged groups.

Baseline clinical characteristics of the patients are shown
in Table 1. The patients ranged in age from 19 to 80 years,
with a median age of 55 (45-64) years; 42 (46.2%) were
male and 22 (24.18%) were smokers. The median follow-
up time was 8.2 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 significant differences in any of the parameters among
the three groups.

Clinical and laboratory parameters pretreatment
and post-treatment

Figure 1A-1 summarizes the pretreatment and post-
treatment values of CRP, LDH, WBC count, NEUTP
ratio, MONO ratio, EOP ratio, and the PFT parameters
in the three groups. There was no statistically significant
difference in CRP, LDH, WBC count, and NEUTP ratio
pretreatment and post-treatment in the three groups
(Figure 1A-D). MONO and EOP ratios showed a
significant decrease in the improved group (P = 0.024 and
P =0.005, respectively; Figure 1E and F, respectively). The
three pulmonary function parameters (%o predicted values
of DLCO, FVC, and FEV1) significantly improved in the
improved group; all these parameters were significantly
reduced in the progressive group, and these deteriorations
and improvements were not statistically significant in the
unchanged group (P > 0.05) (Figure 1G-I).

Serum SP-A and KL-6 levels before and after
treatment

Pretreatment serum levels of SP-A and KI.-6 were not
significantly different among the progressive, improved,
and unchanged groups (Table 1).

Comparison of SP-A and KL-6 levels before and after
treatment in the progressive group showed that there was a
significant increase in median serum SP-A levels from 41.7
(33.5-55.9) ng/mL to 75.1 (37.6-90.6) ng/mL (P < 0.05)
and in median serum KIL-6 levels from 1070 (738-2117)
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Figure 1: Comparison of the 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: CRP levels; B: LDH levels; C: WBC
count; D: NEUTP ratio; E: MONO ratio; F: EOP ratio; G: percent-predicted FVC (FVC % Pred); H: percent-predicted FEV1 (FEV1 % Pred); I: percent-predicted
DLCO (DLCO %); J: serum SP-A levels; K: serum KL-6 levels. Pre: pretreatment; Pos: post-treatment. P-values were calculated by Wilcoxon signed-rank U
test. *P < 0.05, **P < 0.005, ***P < 0.001. CRP: C-reactive protein; DLCO: diffusing capacity for carbon monoxide; EOP: eosinophil; FEV1: forced expiratory
volume in 1 s; FVC: forced vital capacity; KL-6: Krebs von den Lungen-6; LDH: lactate dehydrogenase; MONO: monocyte; NEUTP: neutrophil; SP-A: surfactant

protein-A; WBC: white blood cell.

U/mL to 1875 (1110-5074) U/mL (P < 0.05). Serum levels
of SP-A and KL-6 were above the cutoff level in 48.1%
and 92.6% of patients, respectively, pretreatment; these
ratios were 95.2% and 96.3%, respectively, post-treatment
(Table 1 and Figure 1]-K).

Conversely, in the improved group, there was a significant
decrease in median serum SP-A levels from 45.9 (33.1-68.2)
ng/mL to 36.7 (23.9-51.5) ng/mL (P < 0.001) and in
median serum KIL-6 levels from 1169 (729.3-3886.5) U/mL
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to 661 (394-1403) U/mL. (P < 0.05). Serum levels of SP-A
and KI.-6 were above the cutoff level in 52.7% and 91.7%
of patients, respectively, before treatment; these ratios were
36.1% and 63.9%, respectively, after treatment (Table 1
and Figure 1]-K).

In the unchanged group, there were no significant changes
in median serum SP-A levels (39.6 [31.8-75.7] ng/mL
vs. 38.6 (27.3-57.9) ng/mL; P > 0.05) or in median
serum KI.-6 levels (1179 [781.5-2088.5] U/ml. »s. 1023

215



Zheng et al.: SP-A and KL-6 as biomarker for prognosis of ILD

Table 1: Baseline characteristics of the three groups of patients with ILD

Variables Progression Group Unchanged Group Improvement Group P-value
Number (%) 27 (29.7%) 28 (30.8%) 36 (39.5%) -
Follow-up (months) 10.1 (7.2-13.0) ® 6.3 (4.1-10.6)° 8.1 (4.4-12.4)" 0.057¢
Age (years) 55 (48.0-65)* 50 (41.3-66.8) ® 55 (44.3-61.0)° 0.876°
Male (%) 11 (40.7%) 15 (53.6%) 16 (44.4%) 0.6124
BMI (kg/m?) 24.5 (22.7-27.8)° 24.4 (22.7-36.3) @ 22.7 (21.4-24.8)° 0.161¢
Smoker, n (%) 6 (22.2%) 8 (28.6%) 8 (22.2%) 0.808
WBC (10°/L) 8.2 (6.9-10)° 7.6 (6.5-9.3)2 8.1 (6.6-9.7)2 0.246°
NEUTP ratio (%) 62.5 (51.2-69.5)° 62.3 (59.8-78.3)° 64.5 (55.7-72.5)° 0.463°
MONO ratio (%) 6.7 (6.6-9.1) @ 7.6 (6.1-9.5) @ 9.3 (6.5-11.4) @ 0.069 °©
EOP ratio (%) 1(0.4-3.5)? 1.8 (0.9-2.8)® 2.7 (0.8-4.6)° 0.183°¢
BASOP ratio (%) 0.4 (0.3-0.5)® 0.4 (0.3-0.6)* 0.4 (0.3-0.6)* 0.910°
CRP (ml/dL) 0.3 (0.1-1.1)® 0.2 (0.1-0.5)° 0.3 (0.1-0.7)® 0.290°
LDH (U/L) 229 (180.6-258)° 202.9 (179.1-252.3)® 202.3 (165-223)° 0.187°
DLCO (% predicted) 59.4 (51.2-69.5)° 49.8 (40-62.5)° 56.0 (43-69.3)° 0.072¢
FVC (% predicted) 70.0 (57.0-78.0)* 69.2 (56.6-87.7)* 68.8 (568.5-75.4) 0.845°
FEV1 (% predicted) 75.3 (567.8-79.6)° 74.9 (61.3-88.0)° 70.7 (61.1-79.5)° 0.586°
Pretreatment SP-A (ng/mL) 41.7 (33.56-55.9)° 39.6 (31.8-75.7)¢ 45.9 (33.1-68.2)° 0.645¢
Post-treatment SP-A (ng/mL) 75.1 (37.6-90.6) @ 38.6 (27.3-57.9)° 36.7 (23.9-51.5) @ <0.001¢
Pretreatment KL-6 (U/mL) 1070 (738-2117)® 1179 (781.5-2088.5)® 1169 (729.3-3886.5)° 0.763°
Post-treatment KL-6 (U/mL) 1875 (1110-5074) @ 1023 (5568-1820) ® 661 (394-1403) @ <0.001¢
SP-A (> 43.8ng/mL)

Pretreatment 13 (48.1%) ° 13 (46.4%)" 19 (52.7%)° 0.869¢
Post-treatment 25 (95.2%)°* 16 (57.1%)°" 13 (36.1%) ° <0.001¢
KL-6 (> 500U/mL)

Pretreatment 25 (92.6%) 26 (92.8%) 33 (91.7%) 1.000¢
Post-treatment 26 (96.3%) 22 (78.6%) 23 (63.9%) 0.009¢

a: media (IQR); b: Ratio (95% IC); c: P-value was calculated by Kruskal-Wallis test; d: P-value was calculated by Fisher’s exact test. BASOP: basophil count;
BMI: body mass index; CRP: C-reactive protein; DLCO: diffusing capacity for carbon monoxide; EOP: eosinophil count; ILD: interstitial lung disease; FEV1:
forced expiratory volume in 1 second; FVC, forced vital capacity; IC: Confidence Interval; IC: Confidence Interval; KL-6: Krebs von den Lungen-6; LDH:
lactate dehydrogenase; NEUTP: neutrophil count; SP-A: surfactant protein-A; WBC: white blood cell count.

[558—1820] U/mlL; P > 0.05). Serum levels of SP-A and
KL-6 were above the cutoff level in 46.4% and 92.8% of
patients, respectively, before treatment; these ratios were
57.1% and 78.6%, respectively, after treatment (Table 1
and Figure 1]-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 KI.-6) and predicted PFT parameters
(Delta DLCO, Delta FVC, and Delta FEV1). Delta SP-A
showed significant inverse correlations with Delta FVC
(rs = —0.231, P = 0.001) and Delta FEV1 (rs = —0.339, P

= 0.003). Similarly, Delta KI.-6 showed significant inverse
correlations with Delta FVC (rs = —-0.363, P < 0.001) and
Delta FEV1 (rs = —0.550, P < 0.001). We also tested the
correlation between Delta SP-A and Delta KL-6. This
showed a significant positive correlation (rs = 0.523, P
< 0.001; Figure 3). However, in the improved group, the
number of patients with decreased SP-A and KI.-6 levels
was 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 classified 91 patients by cluster analysis
and compared the pathophysiological characteristics
between the clusters (Figure 4). The lung functions of
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Figure 2: Correlations between Delta SP-A and Delta KL-6 and changes in pulmonary function test parameters. DLCO: diffusing capacity for carbon monoxide;
FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; KL-6: Krebs von den Lungen-6; SP-A: surfactant protein-A.

all patients were tested for FVC. However, due to the
difficulty in breathing, 19 patients were unable to cooperate
with the DLCO test before or after treatment. Patients
were classified into four groups (G1, G2, G3, and G4)
based on the changes in KI-6 and SP-A levels. In G1 and
G4, the levels of SP-A and KIL-6 changed in the same
direction: G1, SP-A and KI-6 increased; G4, SP-A and
KL-6 decreased. In contrast, only the SP-A levels were
reduced after treatment in G2, whereas only the SP-A
levels were increased in G4 (Figure 5A, B). Pretreatment
SP-A and KL-6 levels were significantly higher in G4 than
in G3 (Figure 5C, D). Pretreatment EOP ratios did not
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differ significantly among the groups (Figure 5E). EOP
ratios were significantly reduced in the G2 group (Figure
5F). Post-treatment DLCO (Pred%), FVC (Pred%), and
FEV1 (Pred%) were significantly improved in G4 (Figure
5H—]) and FVC (Pred%) was significantly improved in G1
(Figure 5]). In G1, 64.3% of patients showed progression
in disease activity and the remaining 35.7% showed
unchanged disease activity, and 86.4% of patients showed
improved disease activity in G4 (Figure 5K). G2 showed
significantly lower autoimmune disease frequency, whereas
95% of G4 patients suffered autoimmune disease (Figure
S2). The ratios of autoimmune diseases (Figure S2) were

217



Zheng et al.: SP-A and KL-6 as biomarker for prognosis of ILD

6000
rs=0.523 ®
P <0.0001 °
4000
e o
(@)
g 2000 ® >
5 © o o
50 —5 e
% -1p0 -100 -50,Q5 W0, 50 100 150
=} (0]
°© o
A 2000 | o o
O Improve
e ® Progress
-4000 8 O Unchange
()
® o
6000 L

Delta SP-A (ng/mL)

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. KL-6: Krebs von den Lungen-6; SP-A: surfactant
protein-A.

[G1 [G2 - Reduce I cease
G3 G4
Delta SP-A
Delta KL-6

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 four groups (G1, G2, G3, and G4). G1, G2, G3,
and G4 are defined as statistically different groups by cluster analysis based
on Delta KL-6 and SP-A values. G1: SP-A and KL-6 levels were increased; G2:
only the SP-A levels were reduced; G3: only the SP-A levels were increased;
G4: SP-A and KL-6 values were decreased; KL-6: Krebs von den Lungen-6;
SP-A: surfactant protein-A.

significantly lower in G2 and higher in G4. The immune
antifibrotic therapy ratio was not significantly different
among the clusters (Figure 5L and Figure S3). Therefore,
the correlation of the change in SP-A and KI-6 levels with
the prognosis of the patients with ILD is mainly due to
the response to steroids.

DISCUSSION

KI-6 is a mucin-like, high-molecular-weight glycoprotein
that is strongly expressed in type II alveolar pneumocyte
cells. It was discovered in 1985 by Kohno e a/,” and
several studies have found it to be a serum marker of ILD.
SP-A is a lung-specific protein that is produced by two types

of epithelial cells in the peripheral airway: alveolar type 11
cells and Clara cells.”!! Type II lung cells are alveolar wall
cells that proliferate during lung injury repair.”! Elevated
serum levels of SP-A and KL-6 reflect increased type 11
pneumocyte activity in the injured lung, with a resultant
back leak into the blood.**"*2" Serum KL-6 levels have
been used in Japan as biomarkers in the diagnosis, severity
assessment, and prediction of outcomes for patients
with ILD.B41#2051 In patients with IPF, SP-A is a useful
predictor of mortality and disease progression.”! It has
been proposed that serum SP-A is a potential biomarker
of antifibrotic drugs’ therapeutic outcomes.” Despite the
fact that there are increasing reports about KL-6 and SP-A
in the context of ILD, there has been little investigation
into the difference between SP-A and KIL-6 as biomarkers.
This study investigated the characteristics of SP-A and
KI-6 based on prognosis responses and evaluated their
utility in disease monitoring;

We categorized a decline in FVC 210% or DLCO 215% as
anindicator of disease progression and an increase in FCV
210% or DLCO 215% as disease improvement. Based
on previous classifications, our criteria can be considered
reasonable. "

In this study, EOP ratios showed a significant reduction
after treatment in the improved group. EOPs are a type
2 (Th2) immune response component. As previously
reported, Th2 immune responses are activated in some
patients with ILD.*! Among the patients enrolled in
this study, the EOP ratios were within normal ranges
both before and after treatment. However, there is a
possibility that Th2 inflammation of ILD-induced low-
level eosinophilic inflammation was improved by the
immunosuppressive treatment in the improved group of
patients.

During pretreatment, 84% of patients showed higher
serum KI-6 levels than the previously determined cutoff
levels, whereas, for SP-A levels, only 49% of patients
showed levels higher than the cut-off levels. The cut-off
value of SP-A was defined by patients with IPE, and the
sensitivity was reported to be 78.8%.%1 ROC analysis
revealed that the best cut-off level of SP-A in the current
study was 29 ng/ml (Figure S3). The patients were not
limited to those with IPF and this may have affected the
cut-off level of SP-A.

In this study, however, pretreatment serum levels of SP-A
and KL-6 were not associated with disease prognosis.
Pretreatment KIL-06 levels were reported to be significantly
different depending on the response to pirfenidone therapy
for IPEP! with only eight patients benefiting from it (Figure
S4); the difference in treatment may have contributed to
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Figure 5: Comparison of respiratory function and prognosis among the three groups identified in the cluster analysis. A: Delta SP-A levels; B: Delta KL-6 levels; C:
pretreatment serum SP-A levels; D: pretreatment serum KL-6 levels; E: pretreatment EOP; F: changes in blood EOP between pre- and post-treatment; G: changes
in serum LDH levels between pre- and post-treatment; H: changes in percent-predicted DLCO pre- and post-treatment; I: changes in percent-predicted FVC
pre- and post-treatment; J: changes in percent-predicted FEV1 pre- and post-treatment; K: differences in disease prognosis between the three groups (black:
progressive group; gray: unchanged group; and white: improved group); L: differences in inmunosuppressive treatment between the three groups (black: with
immune suppressive treatment; white: without inmune suppressive treatment). A-E, the results are presented as individual data points with medians (bars)
and interquartile ranges (boxes). P-values were calculated by Steel-Dwass test (A-E), Wilcoxon signed-rank test (F-J), and Fisher’s exact test (K, L). DLCO:
diffusing capacity for carbon monoxide; EOP: eosinophil ratio; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; LDH: lactate dehydrogenase;

KL-6: Krebs von den Lungen-6; SP-A: surfactant protein-A.

this discrepancy. In contrast, our study showed that the
changes in serum levels of SP-A and KL-6 correlated
significantly with changes in respiratory function, which
reflects disease activity. So far, both SP-A and KI.-6 have
been identified as markers that reflect the therapeutic
effect.l® I However, there is a scatcity of data
describing the differences in therapeutic response of each
marker for individual patients. As mentioned above, these
differences may reflect the endotype of the patient and
are important for understanding the pathophysiology of
each patient. This evidence emphasizes the importance of
biomarkers in monitoring the activity of 1LDs, considering
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how difficult it is to conduct respiratory function tests in
patients with 1LD.

Although there was a significant correlation between
Delta SP-A and Delta KL-6, the correlation coefficient
was not insufficient, implying that each marker represents
a different pathophysiology. Ishii ez a/ reported that
serum SP-A levels were higher in usual interstitial
pneumonitis and lower in nonspecific interstitial
pneumonia, whereas KL-6 levels were higher in both.
Yoshikawa e a/*! also indicated that changes in serum
SP-A levels reflected the outcomes of antifibrotic drug

219



Zheng et al.: SP-A and KL-6 as biomarker for prognosis of ILD

therapy more strongly than KL-6 levels did. SP-A is
produced primarily in Clara cells and type 11 alveolar cells,
whereas KI-6 is produced only in type II alveolar cells.
101424 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.["*""I Biological
and biochemical differences between SP-A and KIL-6
are expected to be associated with different pathological
changes in ILD.

To clucidate the pathophysiological differences between
SP-A and KL-6, the patients were divided into four
groups (G1, G2, G3, and G4) using cluster analysis,
according to the values of Delta SP-A and Delta KL-0,
and the pathophysiological characteristics were compared
between the clusters. SP-A and KL-6 levels were both
elevated in the G1 group with all the patients enrolled
classified as either progressive or unchanged. Despite
the higher immunosuppressive treatment ratio in this
group, the respiratory function decreased, suggesting
that noninflammatory mechanisms, such as fibrosis, may
contribute to the pathophysiology.

The G4 group had lower levels of SP-A and KL-6, and
the patients had better respiratory function. Approximately
94.4% of the patients were treated with immunosuppressive
treatment. In the G2 group, only the SP-A levels decreased,
corresponding to an improvement in respiratory function.
Interestingly, EOP ratios of G2 were significantly reduced
after treatment (Figure 5F). These patients might be
sensitive to immunosuppressive treatment because of
their dependence on Th2 inflammatory pathophysiology.
Previous research has suggested that serum levels
of LDH can be used to monitor disease activity and
progression and are considered to reflect pulmonary cell
damage.P¥ SP-A levels were reported to be elevated in
the acute phase of acute respiratory distress syndrome
caused by coronavirus disease 2019 infection, compared
to what is commonly seen during a relatively early stage
of pneumonia.’”) Serum SP-A levels have been linked
to acute exacerbations of 11D, whereas KI.-6 levels atre
elevated in drug-induced pneumonia or CTD-ILD. In
addition, SP-A expression was equally reported to correlate
negatively with the fibrosis score."” Takahashi ez a/!""
reported that SP-A levels, rather than the indicators of the
end stage of fibrotic changes, such as honeycombing, were
associated with reversible ground-glass opacity levels. They
also reported that SP-A levels were significantly lower in
parenchymal collapse opacity-dominant type patients than
in ground-glass opacity-dominant type patients.!"” Studies
have shown that serum SP-A levels rise faster than KIL-6
in the progressive group.” This suggests that G2 patients
were not at the end stage of the disease and that their
respiratory function improved with immunosuppressive

treatment. Similarly, the patients of G3 might be in an early
stage of disease progression. Therefore, SP-A and KL-6
are suitable to monitor changes in different pathological
types of ILD. We consider that the relationship between
changes in SP-A and KL-6 levels and the treatment
response of this study is primarily a response to the
degree of lung tissue damage and the stage of disease
progression. Moreover, the lower molecular weight of
SP-A compared to KI.-6 may provide an advantage in
detecting it in blood serum at an eatlier stage of ILD.
In summary, while both SP-A and KI-6 are pathological
markers that reflect the disease course in patients
with ILD, only SP-A levels responded to disease
improvement in some patients. It is, therefore, important
to simultaneously measure both SP-A and KIL-6 levels for
the pathophysiological monitoring of patients with 1LD.

This study had several limitations. First, we included
patients with definite typical interstitial pneumonitis
patterns on HRCT but without surgical lung biopsies,
making accurate classification of ILD subtype difficult.
Second, because this was a retrospective study, the
observation period varied between patients. Finally, due to
alack of surgical lung biopsies, we were unable to compare
the results of serum biomarkers to histopathologic
patterns. Future prospective studies are needed to clarify
the ILD type-related behaviors and prognostic factors
found in these serum biomarkers.

CONCLUSIONS

Our results demonstrated that serum levels of SP-A
and KL-6 are significantly lower in those patients with
ILD who showed disease improvement and significantly
higher in those with ILD who showed disease progression.
Because the responses of both markers differed based
on their pathophysiological or biological characteristics,
measuring both markers is crucial for understanding a
patient’s pathophysiological condition.
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