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Longitudinal changes in KL6 levels
predict acute exacerbation in
fibrotic interstitial lung disease
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Krebs von den Lungen-6 (KL-6) levels are potentially indicative markers of prospective acute
exacerbation (AE) in interstitial lung disease (ILD); however, their longitudinal trends have not been
sufficiently investigated. We investigated the predictive ability of patient-specific changes in serum
KL-6 levels for predicting AE in patients with fibrotic ILD. We included patients with fibrotic ILDs

from the RWD database in Japan who received antifibrotic therapy and had at least two serum KL-6
values during the follow-up. The outcome was AE defined based on primary diagnoses, emergency
admission, and pulse/high-dose steroids on the day of or after admission. We used the joint regression
model integrating longitudinal and survival analyses to assess the predictive ability of each patient’s
serial serum KL-6 measurements for AE. Among 939 patients with fibrotic ILDs, 194 (21%) patients
experienced AE during follow-up (event rate, 0.13/person-year; 1-year incidence, 35%). The AE hazard
ratio comparing patients with differing cumulative serum KL-6 levels was 1.54 (95% confidence
interval: 1.20-1.98, p<0.001). In conclusion, AE in fibrotic ILD patients on antifibrotic therapy may be
predicted by high baseline KL-6 levels and their increasing trend. Serial KL-6 monitoring can serve as a
valuable tool in a multifaceted approach.

Keywords Acute exacerbation, Fibrotic interstitial lung disease, Interstitial lung disease exacerbation,
Interstitial pneumonia, KL-6, Serum Krebs von Den Lungen-6

Fibrotic interstitial lung disease (ILD) is a heterogeneous group of ILDs characterised by inflammation and
fibrosis of the lung parenchyma!. It includes idiopathic pulmonary fibrosis (IPF) and other categories of
idiopathic interstitial pneumonia, unclassifiable ILD, connective tissue disease-associated ILD (CTD-ILD),
fibrotic hypersensitivity pneumonitis, sarcoidosis, organising pneumonia, drug-induced interstitial lung
disorders, and ILD associated with occupational exposures. Approximately 20-30% of patients with ILD have
fibrotic ILD?*™. These patients usually experience progressive fibrosis accompanied by worsening lung function,
dyspnoea, poor physical performance, and poor quality of life®.

Acute exacerbation (AE) of ILD is a life-threatening risk factor for subsequent disease progression
Despite its clinical importance, no reliable markers have been established to predict future AEs. Previous
studies have primarily evaluated baseline patient characteristics, such as dyspnoea, quality of life, body mass
index, oxygenation, serum biomarkers, and pulmonary function tests®~12. However, baseline characteristics are
only one aspect of the disease; as time elapses, additional information regarding disease progression becomes
accessible. Recent declines in forced vital capacity and diffusing capacity of the lung for carbon monoxide may
predict future AE and disease progression in IPF®*!1. Nonetheless, some patients, such as older patients with
cognitive impairment, apraxia, or hypoxia may have difficulty undergoing pulmonary function tests'>!4.

Krebs von den Lungen-6 (KL-6) is a high-molecular-weight glycoprotein, expressed by type II and bronchial
epithelial cells'®. Serum KL-6 levels can be assessed through a simple blood test, with results typically available
within an hour. KL-6 was originally identified in Japan as a cancer biomarker and has subsequently been used
for ILD diagnosis'>!®. Recent studies suggested that both baseline levels and longitudinal trajectories in serum
KL-6 might serve as useful predictors of future AE and disease progression in ILDs!'”!8. In particular, KL-6 may
be a useful marker in fibrotic ILDs, as it plays a key role in the intra-alveolar fibrotic process and pulmonary
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fibrosis'®. However, the real-world evidence regarding the longitudinal role of serum KL-6 levels in predicting
AE remains limited, mainly because the timing of KL-6 measurement was neither fixed nor random, and the
presence and absence of KL-6 measurements may themselves reflect poor outcomes. This leads to a fundamental
violation of the missing data assumption in many statistical models?’. To address this limitation, our study aimed
to leverage large-scale real-world data in Japan and evaluate the association between estimated patient-specific
changes in serum KL-6 levels and the risk of AE in patients with fibrotic ILD. As many Japanese clinicians
routinely measure serum KL-6 in clinical practice, both at baseline and during follow-up, since its insurance
coverage in 1999, this dataset provides a unique opportunity to examine longitudinal patterns in a real-world
setting.

Methods

Study design

This database research utilised the RWD database), anonymised commercial data maintained by the Health,
Clinic, and Education Information Evaluation Institute (Kyoto, Japan) with support from JMDC Inc. (Tokyo,
Japan). The data include electronic medical records (e.g., demographic, pharmacy, and laboratory data) and
administrative claims information (e.g., disease name and procedure data) of approximately 20 million
patients from over 200 medical institutions in Japan. This study adhered to the Declaration of Helsinki?! and
the REporting of studies Conducted using Observational Routinely-collected Data statements (Supplementary
Table S1)?2 The institutional review board of Showa University approved this study (approval number: 2023-
119-B). The requirement for written informed consent was waived by the institutional review board of Showa
University because the dataset had been de-identified.

Patient selection

The target population comprised patients with fibrotic ILD, aligning with the pathobiological context in
which KL-6 is most mechanistically and clinically relevant as a potential biomarker. In addition, to enhance
the specificity of identifying patients with fibrotic ILD, we restricted the cohort to those who were prescribed
antifibrotic therapy. First, we selected patients with acute or chronic ILDs based on the 10th Revision of the
International Statistical Classification of Diseases and Related Health Problems, including IPF, other idiopathic
interstitial pneumonia, CTD-ILD, hypersensitivity pneumonitis, occupational lung diseases, drug-induced lung
injury, radiation pneumonitis, Langerhans cell histiocytosis, pulmonary alveolar proteinosis, and sarcoidosis
(Supplementary Table S2). Second, only patients who received antifibrotic therapy were included. Nintedanib
and pirfenidone (Anatomical Therapeutic Chemical [ATC] Classification of LOIEX09 and L04AXO05) have
shown therapeutic benefits in IPF and progressive fibrotic ILDs other than IPF (progressive fibrosing ILD)%%3.
In Japan, nintedanib was approved for IPF treatment in 2015, ILD caused by systemic sclerosis in 2019, and
progressive fibrosing ILDs in 2020. Pirfenidone was approved for treating IPF in 2008. In the current study,
the first day of antifibrotic therapy was set as the index date. From the index date, patients at the same medical
institute were longitudinally followed up until AE of fibrotic ILD or censoring (Fig. 1). Individuals with serum
KL-6 levels measured once or less time from the index date to the end of the follow-up and those diagnosed
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Fig. 1. Study overview. The index date referred to when a patient with a disease code related to interstitial
pneumonia was prescribed anti-fibrotic therapy. The patient was tracked until acute exacerbation or censoring,
and serial results of serum Krebs von den Lungen-6 levels until the end of follow-up were collected. The
changes in serum KL-6 levels were modelled by longitudinal analysis, and the association with the hazard of
acute exacerbation was modelled with survival analysis through a joint regression model.
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with malignancy within 1 year before the index date were excluded. Patients with missing covariates were also
excluded from the model.

Data extraction

The definitions of the variables are summarised in Supplementary Table S2. The following baseline patient
characteristics were extracted from the electronic medical record data: age (continuous), sex (male vs. female),
the disease name used for dispensing antifibrotic therapy, home oxygen therapy within 6 months before the
index date, and the daily use of systemic steroids and immunosuppressive agents. The baseline body mass index,
dyspnoea score (Hugh-Johns classification), activities of daily living (Barthel index), and comorbidity at the
time of admission were extracted from the Yoshiki 1 file submitted to the government for reimbursement of
in-hospital medical fees. Information on the Yoshiki 1 file was collected if patient admission occurred within
12 months prior to the index date. We calculated the Charlson Comorbidity Index based on the International
Classification of Diseases 10th Revision Codes of Comorbidities (Supplementary Table S2).

Laboratory data were extracted from each hospital’s database. The enzyme immunoassay, electrochemical
luminescence immune assay, and latex agglutination tests have been approved for measuring serum KL-6 levels
in Japan. All serum KL-6 measurements during the follow-up period were extracted, and the number of days
from the index date to each measurement was calculated.

Outcome

The outcome of interest was the AE of fibrotic ILD. AE was defined based on combining the primary diagnoses
related to AE of ILD (acute or chronic ILDs), emergency admissions, and the administration of pulse/high-dose
steroids (=50 mg/day of methylprednisolone equivalent) either on the admission day or the subsequent day
(Supplementary Table S2)?*. For the sensitivity analysis, we used other definitions of AE previously validated for
AE of interstitial pneumonia and acute ILDs: one emphasised the specificity of AE, and the other emphasised
the sensitivity by using only disease codes of AE without medication uses (Supplementary Table $2)?%. These
algorithms were validated by respiratory physicians using clinical information, including symptoms and high-
resolution computed tomography findings as criteria for the reference standard.

Statistical analysis

Patient characteristics were presented as frequencies and proportions for categorical variables and as means with
standard deviations or median and interquartile range, as appropriate, for continuous variables. The patient-
specific trend of serum KL-6 was depicted in a spaghetti plot, accompanied by a smoothing line representing
the average trend. A Kaplan-Meier plot was used to display survival probability over time. As an exploratory
analysis, we illustrated spaghetti plots stratified by subgroups of background fibrotic ILDs, which were defined
based on ICD-10 codes at the time of antifibrotic therapy initiation.

To evaluate the association between patient-specific changes in serum KL-6 levels and AE risk, we used
the joint regression model involving the development of a linear mixed-effects model for serial serum KL-6
measurements in each patient and a proportional hazard regression model for the risk of AE*. The model could
also accounted for measurement errors inherent in KL-6 assessments—the linear mixed-effects model aimed
to estimate the underlying trajectory of KL-6 levels. The model included both time-independent covariates
(age, sex, season of the index date, systemic steroid use, and immunosuppressive use at baseline) and a time-
dependent covariate (days from the index date to each KL-6 measurement). Patient-specific random effects were
incorporated into the intercept, as well as the number of days from the index date to each KL-6 measurement.
The proportional hazards regression model was postulated using a Weibull baseline risk function. The same
covariates as in the longitudinal model were incorporated, including the history of serum KL-6 defined within
the linear mixed-effects model. The adaptive Gaussian-Hermite rule was applied for numerical integration
within the maximum likelihood function. Given the right-skewed and non-negative distribution of serum KL-
6, it was divided by 100 and log-transformed. The detailed information is described Supplementary Table S3.

We demonstrated the dynamic predictions of conditional survival using the joint regression model. Four
extreme cases were simulated: a 65-year-old man not taking baseline steroids or immunosuppressants, initiating
antifibrotic therapy in winter, with KL-6 measurements of (1) 500 U/mL at day 0, 1000 U/mL at day 300, and
2000 U/mL at day 600 (increasing trend); (2) 2000 U/mL at day 0, 1000 U/mL at day 300, and 500 U/mL at day
600 (decreasing trend); (3) 3000 U/mL at day 0, 3000 U/mL at day 300, and 3000 U/mL at day 600 (constantly
high); and (4) 500 U/mL at day 0, 500 U/mL at day 300, and 500 U/mL at day 600 (constantly low). Statistical
significance was set at a two-sided p-value of <0.05. We used R software version 4.4.2 (R Foundation for Statistical
Computing, Vienna, Austria) for statistical analyses.

Results

Descriptive analysis

Figure 2 summarises the patient selection process. We identified 41,658 patients with disease codes related to
fibrotic ILD; among them, 1,112 patients were prescribed antifibrotic therapy. After excluding 173 patients with
<1 measurement of KL-6, 939 patients with fibrotic ILDs were included in this study. Tables 1 and 2 summarise
the baseline patient characteristics. A total of 312/939 (33%) patients had IPF, and 113/939 (12%) patients
had CTD-ILD (rheumatoid arthritis, 4%; systemic sclerosis, 4%). Among the included patients, 194 (21%)
experienced AE during the follow-up period (event rate: 0.13/person-year; 1-year incidence: 35%). Among
patients without AE, 86 (12%) patients died from other causes within the first year of follow-up. No patients
developed malignancy before the index date and during the follow-up period. After the index date, 96% of
patients continued antifibrotic therapy without a gap of one month or more until the time of their first acute
exacerbation (mean treatment duration: 1.4 years).
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41,658 patients with disease names related to interstitial lung diseases

1,112 patients who were prescribed antifibrotic therapy

Excluded patients
- 173 never or one time measurement of KL-6
- 0 covariates missing
- 0 diagnosis of malignancy before the index date

939 patients included in the analysis

/ \

745 patients who never experienced acute exacerbation 194 patients who experienced acute exacerbation

Fig. 2. Flow diagram of patient selection. Overall, 41,658 patients with a disease code of interstitial lung
disease (ILD) were identified; among them, 1,112 patients received antifibrotic therapy. After excluding 173
patients with <1 measurement of Krebs von den Lungen-6 levels, 939 patients with fibrotic ILDs were included
in the final analysis.

The baseline serum KL-6 levels were as follows: minimum, 265 U/mL; first quartile, 735 U/mL; median,
1,134 U/mL; mean, 1,406 U/mL; third quartile, 1,680 U/mL; and maximum, 12,408 U/mL. KL-6 measurements
were performed at 3-170 visits (median, 11; interquartile range, 6-20) from the index date until the end of the
follow-up. The difference between two consecutive measurements varied widely (minimum: —4750 U/mL; first
quartile, 94 U/mL; median: —11 U/mL; mean: —16 U/mL; third quartile, 58 U/mL; maximum: 6,730 U/mL).
Figure 3a shows the individual-level trajectories of KL-6 from the index date, accompanied by a smoothing line
representing the average trend. Patients who experienced AEs had higher serum KL-6 levels over time than those
without AE. This overall pattern was consistent across subgroup-specific spaghetti plots, although the trend in
KL-6 levels among patients with IPF showed a steeper rise compared to that observed in patients with connective
tissue disease—associated ILD (Supplementary Figure S1). Figure 3b shows the individual-level trajectories of
serum KL-6 at the end of the follow-up. A slight increasing trend in serum KL-6 levels was observed before AE,
whereas the levels before censoring remained relatively stable. The Kaplan-Meier curve showed a constant or
slightly monotonic increase in AE risk over time (Supplementary Figure S2).

Main analysis

We observed a strong association between the log of serum KL-6 levels and AE occurrence over time (Table 3).
The hazard ratio for AE comparing patients with a cumulative serum KL-6 difference of 100*exp(1)=272 U/
mL was 1.54 (95% confidence interval: 1.20-1.98, p<0.001). As shown in Supplementary Figure S3, patients
with an increasing trend of serum KL-6 levels and constantly high serum KL-6 levels had a more unfavourable
predicted survival compared with those with a decreasing trend or consistently low serum KL-6 values.
Sensitivity analysis using alternate algorithms for detecting AE yielded similar results (sensitivity analysis 1:
hazard ratio =1.26, 95% confidence interval =1.01-1.56, p=0.04, sensitivity analysis 2, hazard ratio =1.30, 95%
confidence interval =1.16-1.45, p<0.001).

Discussion
Only limited evidence exists regarding the dynamic prediction of AE. To the best of our knowledge, this study
is the first to demonstrate a robust capability of patient-specific changes in serum KL-6 levels for predicting
AE in patients with fibrotic ILD. The trajectories of serum KL-6 exhibited high heterogeneity and fluctuation;
however, physicians should be vigilant when observing an increasing trend in KL-6 or persistently elevated
serum KL-6 values, as they may indicate prospective AE. Serum KL-6 monitoring can be used as a component
of a multifaceted approach to risk assessment.

Previous studies primarily evaluated baseline patient characteristics, identifying sex, age, blood biomarkers,
pulmonary function tests, and radiological and histological patterns as potential predictors of poor prognosis,
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Without acute exacerbation | With acute exacerbation | Total

(N=745) (N=194) (N=939)
Age (year), mean (SD) 72 (8) 71 (9) 72 (8)
Male 517 (69) 143 (74) 660 (70)
Nintedanib 473 (64) 104 (54) 577 (61)
Baseline KL-6 level, median (IQR) 1076 (686-1619) 1172 (840-1745) 1100 (710-1623)
Season of the index date
Winter 200 (27) 51 (26) 251 (27)
Spring 202 (27) 40 (21) 242 (26)
Summer 161 (22) 53 (27) 214 (23)
Autumn 182 (24) 50 (26) 232 (25)
BMI
<18.5 34 (5) 5(3) 39 (4)
18.5to <25 179 (24) 50 (26) 229 (24)
>25 102 (14) 44 (23) 146 (16)
Missing 430 (58) 95 (49) 525 (56)
Activity of daily living (Barthel index)
<20 8 (1) 1(1) 9(1)
20 to <50 6(1) 5(3) 11(1.2)
>50 310 (42) 95 (49) 405 (43)
Missing 421 (57) 93 (48) 514 (55)
Charlson Comorbidity Index (median, IQR) | 3 (2-3) 3(2-3) 3(2-3)
Home oxygen therapy 118 (16) 38 (20) 156 (17)
Dyspnoea score (Hugh-Johns classification)
<3 206 (28) 58 (30) 264 (28)
>3 72 (10) 34 (18) 106 (11)
Missing 467 (63) 102 (53) 569 (61)
Daily systemic steroids 135 (18) 53 (27) 188 (20)
Daily immunosuppressive agents 29 (4) 16 (8) 45 (5)

Table 1. Patient characteristics at baseline. Mechanical ventilation included invasive/non-invasive ventilation,
high-flow nasal cannula, and continuous positive airway pressure. N, number; SD, standard deviation; KL-6,
Krebs von den Lungen-6; IQR, interquartile range; BMI, body mass index.

including AE*?%-2%, To date, no single established marker has been identified, as disease processes are driven
by complex, integrated mechanisms. Our study focused on serum KL-6 levels, a simple and rapid blood test
with biological plausibility in fibrotic ILDs. Unlike many prior studies that emphasized baseline values, we
demonstrated that serum KL-6 levels exhibit considerable fluctuation over time and that the prognostic value of
baseline KL-6 is influenced by the timing of fibrotic ILD diagnosis. These findings highlight the importance of
evaluating longitudinal trends rather than relying solely on baseline measurements.

Although some previous studies have explored serial KL-6 trajectories in relation to poor outcomes, they
faced notable methodological challenges'®%-32, For example, they evaluated the correlation between serial KL-6
levels and patient outcomes but excluded patients when either KL-6 or outcomes were missing. This exclusion
strategy assumed missing-completely-at-random; the probability of an outcome being missing was independent
of both observed and unobserved factors?. However, in real-world clinical settings without standardised
measurement protocols, missingness is often informative; for example, clinical deterioration may lead to missed
outcomes. Furthermore, most of these prior studies had limited sample sizes and were unable to evaluate
clinically meaningful endpoints such as AE, relying instead on surrogate outcomes like pulmonary function test
results. This study directly addressed AE, and employed the joint regression model, which combines longitudinal
data analysis for exposure with survival analysis for the outcome. This meant that we estimated the latent trend
in true values of KL-6 over the follow-up period for each patient, allowing us to account for the informative
timing of KL-6 measurements.

Our study offers several research implications. First, future studies with larger sample sizes could explore the
serial trajectories of multiple biomarkers over time such as pulmonary function test results, dyspnoea scores,
physical function, and image findings. Using the joint regression model, researchers can incorporate multiple
time-dependent exposures and assess their predictive value in more realistic, real-world settings. Second, rather
than treating fibrotic ILD as a single, homogeneous group, subgroup-specific models should be considered. As
shown in Supplementary Figure S1, the trend in KL-6 levels among patients with IPF may differ from those with
connective tissue disease-associated ILD, suggesting that distinct predictive patterns may exist across subtypes.
Finally, expanding the disease scope to include non-fibrotic ILDs could further broaden the clinical applicability
of KL-6 as a biomarker in the management of ILD.
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Number of patients (%)
Idiopathic interstitial pneumonia
Idiopathic pulmonary fibrosis 312 (32.2)
Usual interstitial pneumonia 5(0.5)
Nonspecific interstitial pneumonia 15 (1.6)
Combined pulmonary fibrosis and Emphysema 10 (1.1)
Cryptogenic organising pneumonia 1(0.1)
Idiopathic interstitial pneumonia (unspecified) 156 (16.6)
Connective tissue disease-associated ILD
Rheumatoid arthritis 39 (4.2)
Systemic sclerosis 37 (3.9)
Sjogren syndrome 16 (1.7)
Microscopic polyangiitis 7(0.7)
Connective tissue disease-associated ILD (unspecified) 9(1.0)
Systemic lupus erythematosus 3(0.3)
IgG4-related disease 2(0.2)
Hypersensitivity pneumonitis 15 (1.6)
Eosinophilic pneumonia 1(0.1)
Others
Interstitial pneumonia (unspecified) 261 (27.8)
Lung fibrosis (unspecified) 25(2.7)
Diffuse interstitial pneumonia (unspecified) 17 (1.8)
Acute interstitial pneumonia (unspecified) 6 (0.6)
Pulmonary haemorrhage 2(0.2)

Table 2. Background interstitial lung disease in patients. ILD, interstitial lung disease; IgG, immunoglobulin.
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Fig. 3. Spaghetti plots of Krebs von den Lungen-6 (KL-6) levels. (a) Individual-level trajectories of KL-6
levels from the index date, along with a smoothing line for the average trend. On average, patients with
acute exacerbation (AE) have higher serum KL-6 values over time than those without. (b) Individual-level
trajectories of serum KL-6 from the end of the follow-up. A slight increasing trend in the serum KL-6 is
observed before AE, and the trend before censoring is flat.

A caveat in interpreting the study results was that we primarily aimed to evaluate the predictive ability of KL-6
rather than identifying the independent association between KL-6 and AE*. In particular, we aimed to provide
information patients for whom closer monitoring may be warranted based solely on KL-6 levels, irrespective
of other biomarkers. In this context, potential confounding factors—such as pulmonary function, which may
be associated with both KL-6 and AE—could have distorted the observed association. Consequently, our study
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Estimate | 95% Confidence interval | p-value

Longitudinal process

Days from the index date to KL-6 measurement | 1.00 1.00-1.00 <0.001
Baseline daily steroid use 1.12 1.01-1.23 0.031
Baseline daily immunosuppressant Use 0.98 0.81-1.18 0.824
Age 0.99 0.99-0.99 <0.001
Sex 0.98 0.90-1.06 0.528
Season 0.99 0.96-1.03 0.642
Event process (hazard ratio)

Baseline steroid 1.79 1.27-2.53 <0.001
Baseline immunosuppressant 1.70 0.96-3.00 0.067
Age 1.02 1.00-1.04 0.062
Sex 1.49 1.07-2.09 0.018
Season 1.06 0.94-1.20 0.337
Association of log (KL-6/100) 1.54 1.19-1.98 <0.001

Table 3. Summary of analysis results. KL-6, Krebs von den Lungen-6.

does not support a clinically meaningful KL-6 cut-off value, and the predictive performance we estimated is
context-specific and requires external validation in other clinical settings.

This study has other limitations. First, outcome misclassification may have occurred, although we used
modified versions of previously validated algorithms. Especially, given the complexity of distinguishing true
AE from disease progression, further validation studies are warranted to more rigorously incorporate imaging
findings as a criterion for AE identification. Second, in our database, longitudinal follow-ups were conducted
only at the same hospital; this could have skewed associations toward null, potentially increasing the likelihood
of missing AE more than overdiagnosing these events. Third, the small sample size limited our ability to develop
a more intricate and flexible model. For instance, we could not evaluate the contribution of the rate of change in
patient-specific KL-6 levels. Fourth, our study focused on the Japanese population. The genotype distribution
may cause differences in KL-6 levels**3. Further large-scale studies are needed to validate our findings and
to develop a more accurate dynamic prediction model for AE. Lastly, we were unable to capture additional
important treatments beyond what is available in administrative claims data, such as exposure removal in cases
of hypersensitivity pneumonitis. This may have influenced the observed association between KL-6 levels and
acute exacerbation and underscores the need for further validation studies in different settings.

In conclusion, high baseline KL-6 levels and an increasing trend can predict AE in fibrotic ILD. Physicians
should consider longitudinal KL-6 measurements, as a component of a multifaceted approach to risk assessment.
Our results should be validated in other settings.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author upon
reasonable request. The data are not publicly available because of the restrictions imposed by JMDC Inc.
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