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Introduction

Background

Interstitial lung disease (ILD) encompasses a diverse group 
of chronic lung conditions characterized by inflammation, 

fibrosis, and alterations in the lung interstitium (1). These 
conditions are classified based on their etiology, as well 
as their pathological and imaging features. In Korea, the 
incidence of ILD has been increasing, which is attributed to 
increased screening using computed tomography (CT) and 
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an aging population. A study using claims data revealed that 
the prevalence of fibrotic ILD in South Korea increased 
from 18.8 per 100,000 individuals in 2011 to 38.9 per 
100,000 individuals in 2018 (2). 

High-resolution CT (HRCT) and pulmonary function tests 
(PFT) are crucial for diagnosing and assessing patients with 
ILD. Although lung biopsy remains the definitive diagnostic 
tool, its widespread use is limited due to its invasiveness. Thus, 
in recent times, biomarkers have gained significant attention 
owing to their potential as indicators of disease activity (3). 
One such biomarker, Krebs von den Lungen-6 (KL-6), a 
glycoprotein encoded by MUC1, was identified in 1989 (4,5). 
Elevated levels of KL-6 have been observed in various lung 
conditions, making it a reliable indicator of epithelial damage 
and fibrosis (4) and useful for disease detection, activity 
assessment, and prognostic prediction (5). 

Rationale and knowledge gap

Interstitial lung abnormalities (ILA) are being increasingly 
detected with the widespread use of CT. Defined as 
alterations in non-dependent lung regions involving more 
than 5% of the lung area (6), ILA progress within 5 years 
in over 50% of cases, correlating with increased mortality 
rates (7,8). While ILA is observed in 3–10% of screening 
CT scans (9,10) there is no clear consensus regarding the 

follow-up of this condition in clinical practice.

Objective

This study aimed to compare patients with ILA and ILD—
who were tested for KL-6 at the respiratory clinic of a 
single hospital—over time and evaluate the correlation 
between KL-6 levels and the clinical features of ILD. 
We present this article in accordance with the STARD 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-24-1833/rc).

Methods

Study population and clinical data 

This retrospective study included patients who visited the 
pulmonology clinic of a tertiary hospital between October 
2022 and March 2023 and were examined for KL-6 levels. 
Clinical data collected from electronic medical records 
included information regarding age, sex, body mass index, 
comorbidities, smoking status, modified Medical Research 
Council (mMRC) dyspnea scale, and antifibrotic medication 
including pirfenidone and nintedanib. Additionally, we 
analyzed PFT and chest CT [including low-dose chest 
CT (LDCT) and HRCT] findings. PFT and CT were 
performed within 6 months of serum KL-6 sampling. 
Among the spirometric results, forced vital capacity (FVC) 
and diffusing capacity of the lungs for carbon monoxide 
(DLCO) were assessed and expressed as percentages of the 
normal predicted values.

Classification of ILD and ILA

The diagnosis of ILD was primarily based on clinical 
evaluations by the attending physician, differential 
diagnosis using CT, and considerations of comorbidities 
such as connective tissue disease. Herein, ILD subtypes 
included idiopathic pulmonary fibrosis (IPF), nonspecific 
interstitial pneumonia (NSIP), cryptogenic organizing 
pneumonia (COP), connective tissue disease-associated 
ILD (CTD-ILD), and unspecified subtypes, including 
pleuroparenchymal fibroelastosis (PPFE), combined 
pulmonary fibrosis and emphysema (CPFE), fibrosing 
mediastinitis, and unilateral fibrosis. IPF was diagnosed 
according to the Official American Thoracic Society (ATS)/
European Respiratory Society (ERS)/Japanese Respiratory 
Society (JRS)/Latin American Thoracic Association (ALAT) 
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Clinical Practice Guidelines [2022] (11). NSIP (12),  
COP (13), PPFE, CPFE, and fibrosing mediastinitis were 
diagnosed through discussion with a multidisciplinary team 
that included a radiologist, and CTD-ILD was diagnosed 
by rheumatologists who made the concomitant clinical 
diagnosis of ILD in conjunction with rheumatoid arthritis, 
Sjogren’s syndrome, and microscopic polyangiitis (MPA). 
ILA was defined according to the criteria of the Fleischner 
Society, referring to the incidental identification of non-
dependent abnormalities, such as ground-glass opacities, 
reticular abnormalities, alveolar distortion, traction 
bronchiectasis, honeycombing, and non-emphysematous 
cysts, involving at least 5% of the lung zone, excluding  
ILD (6). Due to the ambiguity regarding the distinction 
between ILA and ILD in imaging findings, (14) we defined 
patients with ILA as those without clinically significant 
limiting dyspnea of mMRC grade 3 or higher and not 
undergoing pharmacologic therapy.

Semi-quantitative CT grade 

Two experienced pulmonologists, both blinded to the 
clinical data, semi-quantitatively assessed the extent of ILD 
on CT images. Their evaluation was based on the grading 
system used in a previous study investigating the correlation 
between KL-6 levels and CTD-ILD (3). The grading 
scale was as follows: grade 1, 0–25% involvement; grade 2, 
26–50% involvement; grade 3, 51–75% involvement; and  
grade 4, 76–100% involvement.

Measurement of KL-6

During patients’ outpatient visits, tests for KL-6 were 
performed, along with baseline serologic tests for ILD. 
KL-6 levels (U/mL) were measured using the high-quality 
Nanopia KL-6 immunoassay kit (Sekisui Medical Co., Ltd., 
Tokyo, Japan).

Statistical analysis 

Descriptive statistics are presented as means with standard 
deviations (SDs). For the comparison of categorical 
variables, the Chi-squared test or Fisher’s exact test was 
employed, whereas Student’s t-test was used for continuous 
variables. Pearson correlation coefficients were used to 
assess the relationships between serum KL-6 levels and lung 
function parameters, including FVC and DLCO. 

The diagnostic utilities of selected KL-6 levels for ILA 

were evaluated through the analysis of receiver operating 
characteristic (ROC) curves, including calculation of the 
area under the curve (AUC). In addition, the sensitivity and 
specificity of each KL-6 level was determined.

Statistical analyses and data management were conducted 
using Stata version 17.0 (StataCorp LLC, College Station, 
TX, USA). Statistical significance was set at P<0.05.

Ethical approval 

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and approved 
by the Institutional Review Board of Veterans Health 
Service (VHS) Medical Center (IRB No. VHS 2023-02-
002). Due to its retrospective nature, the requirement for 
informed consent was waived.

Results

Clinical characteristics of patients with ILD

This study included 147 patients; 17 patients (11.6%) 
were clinically diagnosed with ILA. Patients with ILA 
and ILD were similar in terms of age, sex, body mass 
index, and comorbidities such as cardiovascular diseases, 
diabetes, history of lung cancer, and chronic kidney disease. 
However, the ILD group had a higher prevalence of chronic 
kidney disease (26.2%, P=0.07) and a lower proportion of 
never-smokers (15.0% vs. 35.3%, P=0.08), although these 
differences were not statistically significant (Table 1). 

In the ILD group, IPF was the most common diagnosis, 
observed in 92 patients (70.8%), followed by NSIP  
[16 patients (12.3%)], COP [1 patient (0.8%)], CTD-ILD  
[9 patients (6.9%)], and other conditions [12 patients 
(9.2%)]. Of these, 70 patients (53.8%) were taking 
pirfenidone and 28 patients (21.5%) were taking nintedanib 
(Table 1). Of all the patients with ILD, only two were 
diagnosed through pathology.

Among the patients with ILA, 12 (70.6%) had fibrotic 
ILA and 5 (29.4%) had non-fibrotic ILA.

KL-6 in patients with ILD and ILA

Figure 1A shows the differences in mean (SD) of KL-6 
levels between the ILD and ILA groups [ILD 968.8 
(901.9) vs. ILA 411.6 (298.8) U/mL, P<0.001]. However, 
no statistically significant differences in mean (SD) of 
KL-6 levels were observed among the ILD subgroups [IPF  
931.4 (834.9)  U/mL, NSIP 670.6 (377.4)  U/mL, 
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COP 1,434.3 U/mL (one case), CTD-ILD 1,394.5  
(1,371.5) U/mL, and unspecified 987.4 (1,157.6) U/mL;  
one-way analysis of variance, P=0.06] (Figure 1B). In 
the comparison of the ILD and ILA groups, the ILD 
group exhibited higher mean (SD) of KL-6 levels [968.8 
(901.9) vs. 411.6 (298.8) U/mL, P<0.001], and statistically 
significantly lower mean (SD) of FVC [2.79 (0.64) vs. 3.54 
(0.59) L, P<0.001], lower mean (SD) of FVC (%) [67.1 (14.1) 

vs. 83.4 (12.5), P<0.001], and lower mean (SD) of DLCO 
(%) [70.1 (1.7) vs. 86.6 (22.4), P=0.002]. Regarding mMRC 
grades, patients with grades of 3, 4, or higher were present 
only in the ILD group; however, no statistically significant 
difference was observed between the ILD and ILA groups. 
Additionally, we observed a significantly higher proportion 
of wide-range CT involvement (grades 3 and 4) in patients 
with ILD (P=0.009) (Table 2). 

Table 1 Baseline characteristics of the study population

Variables Total (n=147) ILD (n=130) ILA (n=17) P value

Age (years) 77.1±4.2 77.1±4.3 77.2±3.1 0.92

Sex (female) 4 (2.7) 4 (3.1) 0 0.99

BMI (kg/m2) 24.3±2.8 24.2±2.9 25.1±2.6 0.24

Comorbidities

Cardiovascular 88 (59.9) 80 (61.5) 8 (47.1) 0.25

DM 52 (35.4) 46 (35.4) 6 (35.3) 0.98

Lung cancer 19 (12.9) 17 (13.1) 2 (11.8) 0.99

CKD 35 (23.8) 34 (26.2) 1 (5.9) 0.07

Smoking status† 0.08

Never smoker 25 (17.4) 19 (15.0) 6 (35.3)

Ex-smoker 106 (73.6) 95 (74.8) 11 (64.7)

Current smoker 13 (9.0) 13 (10.2) 0

ILD subtype

IPF – 92 (70.8) – –

NSIP – 16 (12.3) – –

COP – 1 (0.8) – –

CTD-ILD – 9 (6.9) – –

Not specified – 12 (9.2) – –

ILA subtype

Fibrotic – – 12 (70.6) –

Nonfibrotic – – 5 (29.4) –

Antifibrotics

Pirfenidone – 70 (53.8) – –

Nintedanib – 28 (21.5) – –

Data are expressed as mean ± SD or n (%). †, data were missing from three patients. AUC, area under curve; BMI, body mass index; CKD, 
chronic kidney disease; COP, cryptogenic organizing pneumonia; CTD-ILD, connective tissue disease-associated interstitial lung disease; 
DM, diabetes mellitus; ILD, interstitial lung disease; ILA, interstitial lung abnormality; IPF, idiopathic pulmonary fibrosis; NSIP, nonspecific 
interstitial pneumonia; SD, standard deviation.
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Figure 1 KL-6 levels in the study population. (A) Comparison of KL-6 levels between ILA and ILD. (B) KL-6 levels in subtypes of ILD. 
COP, cryptogenic organizing pneumonia; CTD-ILD, connective tissue disease-associated interstitial lung disease; KL-6, Krebs von den 
Lungen-6; ILD, interstitial lung disease; ILA, interstitial lung abnormality; IPF, idiopathic pulmonary fibrosis; NSIP, nonspecific interstitial 
pneumonia.

Table 2 A comparison of the clinical characteristics of interstitial lung abnormality and interstitial lung disease

Characteristics Total (n=147) ILD (n=130) ILA (n=17) P value

KL-6 level (U/mL) 905.5±872.1 968.8±901.9 411.6±298.8 <0.001

FVC (L) 2.79±0.69 (n=143) 2.79±0.64 (n=126) 3.54±0.59 (n=17) <0.001

FVC (%) 69.0±14.9 (n=143) 67.1±14.1 (n=126) 83.4±12.5 (n=17) <0.001

DLCO (%) 72.0±20.1 (n=138) 70.1±1.7 (n=122) 86.6±22.4 (n=16) 0.002

mMRC dyspnea scale (n=132) 0.92

0 19 (14.4) 17 (14.4) 2 (14.3)

1 85 (64.4) 76 (64.4) 9 (64.3)

2 19 (14.4) 16 (13.6) 3 (21.4)

3 5 (3.8) 5 (4.2) 0

4 4 (3.0) 4 (3.4) 0

Semiquantitative CT grade 0.009

1 (0–25%) 73 (49.7) 58 (44.6) 15 (88.2)

2 (26–50%) 54 (36.7) 53 (40.8) 1 (5.9)

3 (51–75%) 18 (12.2) 17 (13.1) 1 (5.9)

4 (76–100%) 2 (1.4) 2 (1.5) 0

Data are expressed as mean ± SD or n (%). CT, computed tomography; DLCO, diffusing capacity of the lungs for carbon monoxide; FVC, 
forced vital capacity; ILA, interstitial lung abnormality; ILD, interstitial lung disease; KL-6, Krebs von den Lungen-6; mMRC, modified 
Medical Research Council; SD, standard deviation.
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Correlation between KL-6 and lung function parameters

Negative correlations were observed between KL-6 levels 
and lung function in the overall analysis. The correlations 
between FVC, DLCO, and KL-6 levels were significant and 
presented negative coefficient values [FVC coefficient (coef) 
−0.29, P<0.001; DLCO coef −0.006, P=0.008] (Figure 2).  
In the subgroup analysis for DLCO, the correlation 
coefficients were −0.003, with a P value of 0.09, for ILD, 
and −0.017, with a P value of 0.38, for ILA. Regarding FVC 
(mL), the coefficients were −0.22, with a P value of 0.001, 
for ILD and −0.84, with a P value of 0.091, for ILA.

Optimal cut-off value for ILA diagnosis

The optimal serum KL-6 cut-off value for distinguishing 
ILA was determined through a plot of sensitivity versus 
specificity and ROC curve analysis (Figure 3A), which 
yielded an optimal cut-off value of 419.3 U/mL This value 
demonstrated a sensitivity of 80.0% and a specificity of 
70.6% [AUC: 0.75, 95% confidence interval (CI): 0.64–
0.87] (Table 3). In our analysis, KL-6 levels to differentiate 
ILA from ILD resulted in an AUC of 0.82 (95% CI: 
0.70–0.93) (Figure 3B). Additionally, for the prediction of 
radiologic involvement of more than 50% in chest CT, the 
AUC was 0.77 (95% CI: 0.64–0.88) (Figure 3C), and for 
predicting an FVC of less than 50%, the AUC was 0.77 
(95% CI: 0.62–0.89) (Figure 3D).

Discussion

Key findings

To our knowledge, this is the first study to demonstrate 
a significant difference in KL-6 levels between ILD and 
ILA in correlation with CT findings in an aged Korean 
population. While previous studies have focused on KL-6 
concentrations in ILD (15) and CTD-ILD, this study 
was novel in its examination of KL-6 levels in ILA. We 
identified a potential cut-off value of KL-6 levels for 
distinguishing ILA from ILD, suggesting that a KL-6 level 
of 400 U/mL may indicate clinically significant ILD. This 
finding is in line with a previous meta-analysis indicating 
that KL-6 levels of 325 U/mL or higher can discriminate 
progressive ILD, corroborating our results (16).

Strengths and limitations

The principal strength of this study is the inclusion 
of patients from the real world. The study analyzed 
approximately 170 patients from a single institution, the 
majority of whom underwent pulmonary function tests and 
CT scans. 

The limitations of our study include diagnosis of most 
patients through imaging without pathological confirmation 
and a lack of central consensus-based diagnostic criteria, the 
retrospective nature of the study, and the inclusion of only 

Figure 2 Correlation between lung function parameters and KL-6 levels. (A) Correlation between percentage predicted FVC and KL-6 
levels. (B) Correlation between the DLCO (%) and KL-6 levels. DLCO, diffusing capacity of the lungs for carbon monoxide; FVC, forced 
vital capacity; KL-6, Krebs von den Lungen-6.
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four women with ILD. This is a limitation related to the 
nature of clinical practice in this field, where older patients 
are often referred. The patients enrolled in the study 
were older adults, with a median age of 77.1 years, and 
included patients for whom the use of invasive diagnostic 

procedures, such as video-assisted thoracoscopic surgery or 
cryobiopsy, was difficult. Additionally, this study included a 
heterogeneous population of patients with ILD. 

Furthermore, the small number of patients with ILA 
included herein is one of the limitations of this study. 
However, it is important to note that all patients with ILA 
in this study underwent KL-6 and PFT tests. We analyzed 
the data from these tests, and the correlations between 
KL-6 levels and FVC and DLCO in the study subjects 
demonstrated inverse relationships, which is consistent with 
the findings of previous studies; however, these findings 
were not statistically significant. 

While including a homogenous ILD group with 
pathological confirmation is crucial for scientific analysis of 
causality, the heterogeneity of this study could be beneficial 
as it reflects real-world clinical practice.

Table 3 Optimal cut-off value of Krebs von den Lungen-6 for 
diagnosis of interstitial lung abnormality

Cut-off value 
(U/mL)

AUC (95% CI)
Sensitivity 

(%)
Specificity 

(%)

300 0.730 (0.606–0.854) 93.9 52.9

410 0.727 (0.605–0.849) 80.8 64.7

500 0.692 (0.577–0.814) 68.5 70.6

AUC, area under curve; CI, confidence interval.

Figure 3 ROC analysis for KL-6 levels in differential diagnoses for ILD and ILA. (A) Optimal cut-off value of KL-6 levels for the diagnosis 
of ILD. (B) ROC curve of KL-6 for the diagnosis of ILA. (C) ROC curve of KL-6 for the diagnosis of ILD involvement greater than 50% 
on chest CT. (D) ROC curve of KL-6 for the diagnosis of FVC less than 50%. CT, computed tomography; FVC, forced vital capacity; KL-6,  
Krebs von den Lungen-6; ILA, interstitial lung abnormality; ILD, interstitial lung disease; ROC, receiver operatic characteristic.
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Comparison with similar studies

The mean age of the patients included in our study was 
77.1 years, and the majority (97.3%) were men. IPF was the 
most common form of ILD, accounting for 71% of all ILD 
cases in this study. The KL-6 levels observed herein were 
consistent with those reported in previous Korean studies on 
ILD (3,15,17). However, unlike earlier studies from other 
centers that focused on CTD-ILD (3,18,19), our study 
focused on ILA in an older, predominantly male population.

Data from the Korea IPF Cohort (KICO) registry, a 
Korean IPF cohort (20) indicate that approximately 76% 
of patients are male. In contrast, the proportion of males in 
our study is remarkably high. Furthermore, the prevalence 
of IPF has been reported to be approximately 50% in the 
Korean ILD study (2). However, a detailed analysis of the 
characteristics of our patient population reveals a distinct 
profile, with a notable proportion of older male patients 
with a history of smoking. The characteristics of VHS 
medical center that provides medical care for veterans could 
introduce a bias in our results.

The association of KL-6 with FVC has been documented 
in CTD-ILD (3), NSIP (21) and lung cancer (15) and a 
correlation between KL-6 and DLCO has been observed 
in CTD-ILD (22,23). Higher KL-6 levels were associated 
with restrictive physiology and decreased diffusion capacity, 
as evidenced by reduced FVC and DLCO (3,23) which is 
consistent with our findings.

Many studies have used KL-6 as a biomarker for ILD. 
In a study by d’Alessandro et al., which assessed KL-6 
levels in patients with fibrotic ILD, the KL-6 cut-off value 
was 885 U/mL, and KL-6 was reported to be elevated in 
patients IPF, fibrotic hypersensitivity pneumonitis, and ILD 
associated with systemic sclerosis (SSc-ILD); moreover, 
similar to this study, inverse relationships between KL-6 
and FVC and DLCO were identified (24). In patients 
with Sjögren’s syndrome, a study utilizing enzyme-linked 
immunosorbent assays reported a mean KL-6 level of 
1,232 U/mL in the group that progressed to ILD and a 
mean KL-6 level of 764.5 U/mL in the group that did 
not progress to ILD (19). In another study of systemic 
sclerosis-related ILD, a KL-6 level exceeding 1,273 U/
mL was significantly associated with progression to end-
stage lung disease in a multivariate analysis (25). In a 
study of 69 patients with CTD-ILD, the Youden’s index 
of serum KL-6 for the diagnosis of ILD was 421.8 U/
mL (23). Consistent with previous findings, guidelines 

suggest that KL-6 levels in patients with SSc-ILD and 
ILD associated with polymyositis/dermatomyositis (PM/
DM-ILD) can be used as a marker to assess the severity 
of the disease (26). A European prospective cohort study 
comprising 179 patients reported a sensitivity of 82% 
and specificity of 86% for a cut-off value of 465 U/mL  
in 102 ILD patients compared with 77 controls (27). Similarly, 
in a meta-analysis, differences in KL-6 levels between ILD and 
non-ILD groups were identified, and an increase in KL-6 level 
was observed in cases of progressive ILD (28).

Studies on biomarkers for ILA are lacking. However, 
recent reports from the Framingham Heart Study and 
the Chronic Obstructive Pulmonary Disease Genetic 
Epidemiology (COPDGene) study (29) have shown a 
statistical association between ILA and growth differentiation 
factor 15—which belongs to the transforming growth 
factor-β superfamily (30) and is associated with aging (31)—
with its levels being elevated in patients with ILA. This 
increase has also been reported in patients with IPF (32). 

Explanations of findings

This study included 147 patients, of whom 130 (88.4%) 
were diagnosed with ILA. In the ILD group, IPF was the 
most common diagnosis, observed in 92 patients (70.8%). 
KL-6 levels were significantly higher in the ILD group, 
with a mean of 968.8 U/mL compared to 411.6 U/mL in 
the ILA group (P<0.001). The ILD group also exhibited 
lower FVC and DLCO values, and only patients with ILD 
had mMRC grades of 3 or higher. These findings suggest 
that KL-6 levels reflect the progression of fibrosis in the 
lungs of patients with ILD (33). KL-6 levels showed a 
negative correlation with lung function, and the optimal 
KL-6 cut-off for distinguishing ILA was found to be  
419.3 U/mL, with a sensitivity of 80.0% and specificity of 
70.6%. 

Implications and actions needed

Herein, we aimed to use KL-6, a well-studied biomarker of 
ILD, to investigate the differences between ILA and ILD in a 
clinical setting. This study, which was conducted on a population 
of older Korean individuals diagnosed with ILD or idiopathic 
lung inflammation (ILA), consisted of mostly male subjects. 
Through clinical and radiological evaluation, the study suggests 
cut-off values for KL-6 and its application as a biomarker for 
patients requiring intensive treatment in real-world practice. 
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Conclusions

In summary, serum KL-6 levels were higher in patients with 
clinically diagnosed and treated ILD than in those with 
ILA. Elevated KL-6 levels were associated with lower FVC 
(%) and DLCO (%), suggesting their potential utility in 
distinguishing ILD patients requiring treatment.
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