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ABSTRACT

Background Lung cancer (LC) is an important comorbidity of interstitial lung disease (ILD) and
associated with poor prognosis. The comparison of clinical characteristics and outcome of each ILD
subtype in LC patients are not well known. Therefore, in this study, we evaluated the difference

between IPF and non-IPF ILD and prognostic factors in patients with ILD-LC.

Methods The medical records of 163 patients diagnosed with ILD-LC at Asan Medical Center from
January 2018 and May 2023 were retrospectively reviewed. Baseline characteristics and clinical
outcome between IPF-LC and non IPF ILD-LC groups were compared and prognostic factors were

analyzed by Cox proportional hazard model.

Results The median follow-up period was 11 months after cancer diagnosis. There were no
statistically significant differences in clinical characteristics between IPF and non-IPF ILD-LC
groups, and even no difference in mortality (Median survival: 26 vs. 20 months, p = 0.530). Higher
level of KL-6 (= 1000U/mL, hazard ratio [HR], 1.970; 95% confidence interval [CI]: 1.026-3.783; p =
0.025) and advanced clinical stage of LC (HR 3.876 for stage 11, p = 0.025, HR 5.092 for stage III, p =
0.002 and HR 5.626 for stage IV, compared to stage I, p = 0.002) were independent prognostic factors
in patients with ILD-LC. In aspect of treatment, surgery was the significant factor for survival (HR,

0.235; 95% CI: 0.106-0.520; p < 0.001).

Conclusion There was no survival difference between [IPF-LC and non-IPF ILD-LC. KL-6 might be

act as a prognostic marker in patient ILD-LC.
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INTRODUCTION

Interstitial lung diseases (ILD) are a group of diffuse parenchymal lung disorders[1], which
affect the pulmonary interstitial space[2]. It is estimated that more than 200 diseases have been
reported to belong to ILD. The most common type of fibrosing interstitial lung disease, Idiopathic
pulmonary fibrosis (IPF)[3], is a form of chronic and progressive disease of unknown cause with
a median survival of 3-5 years from the time of diagnosis[4]. Patients with IPF have several
comorbidities including pulmonary hypertension, emphysema, and lung cancer (LC)[5]. Among
various comorbidities, especially the prevalence of lung cancer (LC) in patients with IPF has been
reported approximately 20%[6], which is a higher compared to the general population[7].
Moreover, among patients with IPF, the mean survival time was shorter (1.6-1.7 years) in those
who had LC than in those who had no LC[8]. Recently, there has also been a suggestion that IPF
and LC may share common genetic and pathogenic mechanisms[9]. It has been reported that
pulmonary fibroblasts share similar characteristics with cancer cells, such as unregulated cell

proliferation, resistance to apoptosis, and telomere shortening[10-12].

Although IPF is the most common type of ILD, it accounts only for 17-37% of all ILD
diagnoses[13]. Recently, it has been reported that LC is also an important comorbidity in patients
with ILD other than IPF[14-16]. In addition, several previous studies have reported that the
prevalence of LC in patients with non-IPF ILD is also higher than in the general population[17,
18]. However, in patients with ILD and LC, the comparison of clinical characteristics according
to ILD subtype has not been well elucidated. Therefore, in this study, we evaluated the clinical
and prognostic differences between IPF and non-IPF in patients with LC and factors affecting

prognosis in all fibrosing interstitial lung diseases.

METHODS

Study population

This retrospective single-center study reviewed 163 consecutive patients diagnosed with ILD
and LC between January 2018 and May 2023 at the Asan Medical Center in South Korea. The
types of ILD were divided into IPF and non-IPF. The diagnosis of IPF was made by the diagnostic
criteria of the American Thoracic Society (ATS)/European Respiratory Society (ERS)/Japanese
Respiratory Society/Latin American Thoracic Association in 2018[19]. The non-IPF type includes
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hypersensitivity pneumonitis, nonspecific interstitial pneumonia (NSIP), smoking-related ILD,
connective tissue disease-related ILD (CTD-ILD), and unclassified ILD. CTD was diagnosed by
rheumatologists using specific criteria[20-25]. We diagnosed LC based on the histological results,
which were confirmed by pathologists at our center. LC was classified according to the World
Health Organization tumor classification, and staging of LC was performed using the 8" edition
of the TNM classification of malignant tumors[26]. This study was conducted in compliance with
the Declaration of Helsinki. The study protocol was endorsed by the Institutional Review Board
of Asan Medical Center (IRB number: 2023-1078). Informed consent was waived because of the

retrospective study design and anonymity of clinical data.

Clinical data

We obtained the baseline characteristics, including age, sex, body mass index (BMI), smoking
history, pulmonary function test results, laboratory data, and profiles of ILD and LC, from the
electronic medical records. Data obtained from medical records or the National Insurance
Corporation was used for the purpose of examining mortality rates. Consistent with the
recommendations of the ERS/ATS, spirometry was performed to evaluate pulmonary function
and measure total lung capacity (TLC) and diffusing capacity for carbon monoxide (DLco)[27,
28]. The profile of ILD encompassed the type, imaging and histological findings, and treatment
for ILD at the time of LC diagnosis. The initial treatment for LC was categorized into four 4 main

modalities: surgery, radiotherapy, chemotherapy, and concurrent chemoradiation therapy.

Statistical analysis

Categorical variables were reported using numbers and percentages, while continuous variables
were presented as medians with interquartile ranges (IQR). To compare the variables between the
two groups, either the Chi-squared test or Fisher’s exact test was used for categorical variables.
The Kaplan-Meier-methods was used for time-to-event analysis for all-cause mortality.
Univariable and multivariable Cox proportional hazards regression models were utilized to
identify risk factors associated all-cause mortality. The results were reported as hazard ratio (HR)

with 95% confidence interval (CI). Significance was determined by two-sided p values less than
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0.05. Survival analysis was conducted using the Kaplan-Meier estimator. All statistical analyses

were performed using SPSS version 27.0 software (IBM Corporation, Armonk, NY).

RESULTS

Baseline patient characteristics

Among the 163 patients, the ILD type was IPF in 92 (56.4%) patients and non-IPF in 71 (43.6%)
patients. The median follow-up period after lung cancer diagnosis was 11 months. The non-IPF
group included unclassified ILD (n=54), CTD-ILD (n=14), NSIP (n=2), and chronic HP (n=1).
The baseline characteristics of all patients at the time of diagnostic LC were summarized in Table
1. The mean age of patients was 70.4 years, 92.6% were males, and 91.4% were ever-smokers.
Out of a total of 163 patients, 141 (86.5%) were diagnosed with non-small cell lung cancer
(NSCLC) and 22 (13.5%) were diagnosed with small cell lung cancer (SCLC). The most common
histologic subtype of NSCLC was adenocarcinoma (52.5%), followed by squamous cell
carcinoma (45.4%) and others (2.1%). There were no statistically significant differences in the
baseline characteristics, including age, sex, and baseline pulmonary function test results between

the IPF and non-IPF groups.



Table 1. Baseline characteristics of patients with interstitial lung disease and lung cancer at

lung cancer diagnosis

Non IPF-LC (n=

Characteristic Total (n=163)  IPF-LC(n=92) 71) p-value
Type of ILD
IPF 92 (56.4) 92 (100.0) 0(0.0)
Unclassifiable 54 (33.1) 0 (0.0) 54 (76.1)
CTD-ILD 0(0.0) 0(0.0) 14 (82.4)
NSIP 0(0.0) 0(0.0) 2 (11.8)
Chronic HP 0(0.0) 0(0.0) 1(5.89)
Age, years 704 + 7.3 70.5+7.4 702+£7.2 0.827
Male 151 (92.6) 85(92.4) 66 (93.0) 0.899
BM], kg/m? 244 £ 3.1 244428 244+35 0.956
Ever-smoker 149 (91.4) 84 (91.3) 65 (91.5) 0.827
Pulmonary function test
an:C l(gfidmted)’ % 766 £ 168  765+164  769+175 0.884
ff:iéf)redmed)’ % 812 + 158  809+152 8154167 0.812
(TnL:C ;‘f;edwted)’ % 796 + 134 793=+128  80.10+14.47 0.800
aLj(i;g;edmed)’ % 557 + 176 545177 5739+ 17.45 0.319
Laboratory data
KL-6 > 1000 U/mL
(n= 11_7) 32(27.4) 20 (28.6) 12 (25.5) 0.718
Type of LC
NSCLC 141 (86.5) 81 (88.0) 60 (84.5) 0.512
Adenocarcinoma 74 (52.5) 43 (53.1) 31 (51.7) 0.867
Squamous cell carcinoma 64 (45.4) 35(43.2) 29 (48.3) 0.546
Others* 3.1 33.7) 0(0.0) 0.261
SCLC 22 (13.5) 11 (12.0) 11 (15.5) 0.512

Data are reported as mean + standard deviation for continuous variables and number (percentage) for
categorical variables. ILD, interstitial lung disease; IPF, idiopathic progressive fibrosis; CTD, connective
tissue disease; HP, hypersensitivity pneumonitis; NSIP, nonspecific interstitial pneumonia BMI, body
mass index; FVC, forced vital capacity; FEV1, forced expiratory volume in one second; TLC, total lung
capacity; DLco, diffusing capacity for carbon monoxide; KL-6, krebs von den lungen-6; IS,
Immunosuppressants, LC; lung cancer, NSCLC; non-small cell lung cancer, SCLC; small cell lung cancer

* Other histologic types include large cell carcinoma.
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Clinical characteristics and management of patients

In NSCLC patients, 32.9% of patients were classified as stage I, 14.3% as stage 11, stage III as
27.1% and 25.7% as stage 1V, as shown in Table 2. Among NSCLC patients, the proportions of
patients who received surgery, chemotherapy, radiotherapy and concurrent chemoradiation
therapy (CCRT) were 32.6%, 22.7%, 22.0%, and 5.0% respectively. The percentage of CCRT was
higher in the non-IPF group (1.2% vs. 10.0%, p = 0.042). In aspects of ILD among NSCLC
patients, compared with the non-IPF group, the IPF group had higher proportion of patients
received antifibrotic agents (pirfenidone or nintedanib, 80.2% vs. 8.3%, p <0.001) but had lower
proportion of patients who received steroids and immunosuppressants for initial treatment of ILD
(6.2% vs. 20.0%, p < 0.013) (Table 2). There was no statistically significant difference in the
incidence of AE following the treatment of LC (28.4% vs. 20.0%, p = 0.254). Additionally, there
was no significant difference in mortality rates between two groups (42.0% vs. 38.3%, p = 0.663).
The clinical characteristics and treatment of patients with small cell lung cancer (SCLC) are
summarized in e-Table 1. There were no significant differences in stage, treatment for lung cancer,

and mortality between the IPF and non-IPF groups.



Table 2. Comparison of the clinical characteristics and management of NSCLC patients

according to the type of ILD

Characteristic Total IPF-LC Non-IPF-LC p-value
(n=141) (n=281) (n =60)
Clinical stage of NSCLC 0.337
I 46 (32.9) 31(38.3) 15 (25.0)
I 20 (14.3) 9 (11.1) 11 (18.3)
I 38 (27.1) 21(25.9) 17 (28.3)
v 36 (25.7) 10 (24.7) 17 (28.3)
Initial treatment for NSCLC
Surgery 46 (32.6) 30 (37.0) 16 (26.7) 0.194
Lobar resection 29 (63.0) 14 (46.7) 15 (93.8)
Sublobar resection 17 (37.0) 16 (53.3) 1(6.3)
Chemotherapy 32(22.7) 15 (18.5) 17 (28.3) 0.169
Radiotherapy 31(22.0) 19 (23.5) 12 (20.0) 0.624
CCRT 7 (5.0) 1(1.2) 6 (10.0) 0.042
Best supportive care 25 (17.7) 16 (19.8) 9 (15.0) 0.465
Treatment of ILD
Antifibrotic agent 70 (49.6) 65 (80.2) 5(8.3) <0.001
Corticosteroid = IS 54 (38.3) 29 (35.8)* 25 (41.7)** 0.479
Initial treatment 17 (12.1) 5(6.2) 12 (20.0) 0.013
Acute exacerbation 37 (26.2) 25(30.9) 12 (20.0) 0.147
RT pneumonitis 5(3.5) 2(2.5) 3(5.0) 0.651
Acute exacerbation 37 (26.2) 25 (30.9) 12 (20.0) 0.147
Overall mortality 57 (40.4) 34 (42.0) 23 (38.3) 0.663
AE related death 21 (36.8) 14 (41.2) 7 (30.4) 0.409
Infection related death 15 (26.3) 7 (20.6) 8 (34.8) 0.232
Unknown 21(36.8) 14 (41.2) 7 (30.4) 0.409

Data are reported as mean + standard deviation for continuous variables and number (percentage) for
categorical variables. NSCLC, non-small cell lung cancer; CCRT, concurrent chemoradiation therapys;
ILD, interstitial lung disease; IS, Immunosuppressants; SCLC, small cell lung cancer; AE, acute
exacerbation

* 3 patients were treated with steroid as initial treatment and during acute exacerbation

** 2 patients were treated with steroid as initial treatment and during acute exacerbation



Prognostic factor in patients with NSCLC

The Cox regression analysis of risk factors associated with mortality in NSCLC patients based
on their baseline characteristics is summarized in Table 3. The result of the univariate Cox analysis
showed that decreased FVC (hazard ratio [HR], 0.983; 95% confidence interval [CI], 0.968-0.998;
p = 0.023), and decreased TLC (HR, 0.961; CI, 0.934-0.988; p=0.005) were significantly
correlated with mortality. The higher level of KL-6 (=1000) (HR, 2.554; CI, 1.378-4.734; p =
0.003) and advanced clinical lung cancer stage were associated with a higher risk of mortality.
However, subtype of ILD (IPF versus non-IPF ILD) was not a significant factor for mortality in
the univariate analysis (HR, 0.892; CI, 0.516-1.542; p = 0.682). In multivariate analysis, higher
levels of KL-6 were independently associated with increased mortality (HR, 1.970; CI, 1.026—
3.783; p=0.042) after adjusting for other risk factors. Clinical stage was also identified as an
independent risk factor for mortality (HR 3.876 for stage II, p = 0.025; HR 5.092 for stage 11, p
=0.002; and HR 5.626 for stage IV, compared to stage I, p = 0.002).

Table 4 showed the risk factors for all-cause mortality based on the treatment factor of patients.
In the univariate analysis, the use of steroids and/or immunosuppressants (HR, 2.058; CI, 1.218-
3.476; p =0.007) and acute exacerbation (HR, 2.094; CI, 1.224-3.581; p = 0.007) were associated
with mortality. Although surgery for lung cancer was associated with lower mortality (HR, 0.198;
CI, 0.092-0.423; p < 0.001), chemotherapy was associated with a poor prognosis (HR, 2.334; CI,
1.276-4.269; p = 0.006) in univariate analysis. In the multivariate analysis, only surgery was
independently associated with lower mortality (HR, 0.235; CI, 0.106-0.520; p < 0.001), after

adjusting for other variables.



Table 3. Predicting baseline factor for mortality in patients with ILD and NSCLC assessed

by Cox proportional hazard model

Univariate analysis Multivariate analysis
Variable HR 95% CI p-value HR 95% CI p-value
Age 1.006 0.971-1.043 0.736
Male 3.426 0.832-14.111 0.088
Ever-smoker 1.139 0.486-2.671 0.765
IPF (vs. non-IPF ILD) 0.963 0.563-1.649 0.892
SqCC (vs. ADC) 1.039 0.613-1.759  0.888
Pulmonary function test
FVC (predicted), % 0.983 0.968-0.998 0.023 0.992  0.974-1.011 0.411
FEV1 (predicted), % 0.989 0.972-1.006  0.189
TLC (predicted), % 0.961 0.934-0.988  0.005
DLco (predicted), % 0.986 0.973-1.000 0.051
KL-6 > 1000 U/mL 2.554 1.378-4.734 0.003 1.970  1.026-3.783 0.042
Lung cancer stage
Stage I (ref)
Stage 11 4.476 1.778-11.271 0.001 3.876  1.187-12.660  0.025
Stage III 3.722 1.612-8.594 0.002 5.092  1.801-14.401 0.002
Stage IV 8.717 3.630-20.936  <0.001 5.626  1.889-16.757  0.002

HR, hazard ratio; CI, confidence interval; SqCC, Squamous cell carcinoma; ADC, adenocarcinoma; TLC,
total lung capacity; FVC, forced vital capacity; FEV1, forced expiratory volume in one second; DLco,
diffusing capacity for carbon monoxide; IPF, idiopathic pulmonary fibrosis; ILD, interstitial lung disease;
KL-6, krebs von den lungen-6; IS, immunosuppressant; CCRT, concurrent chemoradiation therapy.

TLC was not included in the multivariate analysis due to its high correlation with FVC (r = 0.853, p <
0.001).



Table 4. Predicting treatment factor for mortality in patients with ILD and NSCLC assessed

by Cox proportional hazard model

Univariate analysis Multivariate analysis

Variable HR 95% CI p-value HR 95% CI p-value
ILD treatment

Antifibrotics 0.714 0.420-1.214 0.214

Corticosteroid + IS 2.058  1.218-3.476 0.007 1.162  0.503-2.685 0.726
Acute exacerbation 2.124  1.147-3.931 0.017 1.282  0.542-3.034 0.572
Initial treatment for LC

Surgery 0.198  0.092-0.423 <0.001 0.235 0.106-0.522  <0.001

Chemotherapy 2334 1.276-4.269 0.006 1.290 0.682-2.439  0.434

Radiotherapy 0.781  0.412-1.480 0.449

CCRT 0.916 0.222-3.776 0.904

HR, hazard ratio; CI, confidence interval; SqQCC, Squamous cell carcinoma; ADC, adenocarcinoma; TLC,
total lung capacity; FVC, forced vital capacity; FEV1, forced expiratory volume in one second; DLco,
diffusing capacity for carbon monoxide; IPF, idiopathic pulmonary fibrosis; ILD, interstitial lung disease;
KL-6, krebs von den lungen-6; IS, immunosuppressant; LC, lung cancer; CCRT, concurrent chemoradiation

therapy.



Comparison of clinical characteristics and clinical course according to

baseline KL-6 levels

Since KL-6 was independently associated with mortality in NSCLC patients, a comparison of
clinical characteristics according to KL-6 level was presented in Table 5. There were no
significant differences in the proportion of ILD subtypes, sex, BMI, and smoking history between
the two groups. The mean age was significantly lower in the higher KL-6 group (67.5 vs 71.1
years, p = 0.030). Patients with higher KL-6 levels had lower predicted FVC values (72.9% vs.
83.4%, p = 0.004) and DLco (46.1% vs. 58.7%, p = 0.001) compared to patients with lower KL-
6 levels. There were no differences between the two groups in the histologic type and stage of LC.
In aspect of treatment of ILD and LC, the usage of steroid and/or immunosuppressants was more
common in the patients of higher KL-6 level (69.0 vs. 27.5%, p < 0.001) than patients with lower
KL-6. The incidence of AE (51.7% vs. 20.3%, p = 0.002) and mortality (65.5% vs. 31.9%, p =
0.002) was higher in the group with a higher KL-6 level compared to the group with a lower KL-
6 level.
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Table 5. Comparison of clinical characteristics in NSCLC patients with fibrosing ILD
according to KL-6

Characteristic KL-6 > 1,000 (n=29) KL-6<1,000(n=69) p-value
Type of ILD 0.807
IPF 18 (62.1) 41 (59.4)
Non-IPF ILD 11 (37.9) 28 (40.6)
Age, years 675 £ 7.1 71.1 £ 69 0.030
Male 91 (92.9) 27 (93.1) 0.951
BMI, kg/m? 24.0 £3.58 247+3.2 0.899
Ever-smoker 27 (93.1) 64 (92.8) 0.516
Pulmonary function test
FVC (predicted). % (n =97) 683+173 79.0 £16.0 0.007
FEV1 (predicted), % (n =97) 729+15.6 83.4+155 0.004
TLC (predicted), % (n = 93) 72.5+13.9 83.6+11.2 0.003
DLco (predicted), % (n = 56) 46.1 +£16.5 58.7+16.0 0.001
Type of NSCLC 0.668
Adenocarcinoma 17 (58.6) 34 (49.3)
Squamous cell carcinoma 11 (37.9) 34 (49.3)
Others 1(3.5) 1(1.4)
Stage of NSCLC 0.120
I 5(17.2) 28 (40.6)
I 7(24.1) 9(13.0)
I 7 (24.1) 16 (23.2)
v 10 (34.5) 16 (23.2)
Initial treatment for lung cancer
Surgery 6 (20.7) 26 (37.7 0.102
Chemotherapy 9(31.0) 14 (20.3) 0.252
Radiotherapy 5017.2) 17 (24.6) 0.423
CCRT 1(3.4) 3(4.3) 0.837
Best supportive care 8 (27.6) 9 (13.0) 0.083
ILD treatment
Antifibrotics 16 (55.2) 40 (58.0) 0.798
Corticosteroid = IS 20 (69.0)* 25 (36.2)** 0.003
Initial treatment 8 (27.6) 7 (10.1) 0.029
Acute exacerbation 15 (51.7) 16 (23.2) 0.006
RT pneumonitis 0(0.0) 3(4.3) 0.254
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Acute exacerbation 15 (51.7) 14 (20.3) 0.002

Overall mortality 19 (65.5) 22 (31.9) 0.002
AE related death 11 (57.9) 6(27.3) 0.047
Infection related death 2 (10.5) 6(27.3) 0.249
Unknown 6 (31.6) 10 (45.5) 0.364

Data are reported as mean + standard deviation for continuous variables and number (percentage) for
categorical variables. KL-6, krebs von den lungen-6; ILD, interstitial lung disease; IS,
immunosuppressants; BMI, body mass index; FVC, forced vital capacity; FEV1, forced expiratory
volume in one second; TLC, total lung capacity; DLco, diffusing capacity for carbon monoxide; NSCLC,
non-small cell lung cancer; LC, lung cancer; CCRT, concurrent chemoradiation therapy.

*3 patients were treated with steroid as initial treatment and during acute exacerbation

**] patients were treated with steroid as initial treatment and during acute exacerbation
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Survival analysis

Figure 1 showed a comparison of survival curves between the IPF and non-IPF patients with LC.
There was no statistically significant difference in mortality between the two groups (median
survival: 26 vs. 20 months, p = 0.530, Figure 1). A comparison of survival curves based on the
KL-6 level is shown in Figure 2. The median survival of patients with a higher level of KL-6
(=1000) was shorter (15 vs. 31 months, respectively, p =0.002) than patients with a lower level
of KL-6 (<1000).
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Figure 1. Comparison of survival curves between the IPF and non-IPF ILD in patients with
lung cancer
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Figure 2. Comparison of survival curves between higher (21000U/mL) and lower (<1000U/mL) KL-
6 groups in patients with NSCLC
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DISCUSSION

In our current study, we found no significant differences in the frequency of acute exacerbation
and prognosis between IPF and non-IPF ILD in patients with LC. Higher level of KL-6 (=1000)
was independently associated with mortality in LC patients with fibrosing ILD, along with clinical
stage of lung cancer. Moreover, patients with higher level of KL-6 showed poorer survivor

compared to the others.

There was no difference in the prognosis between IPF and non-IPF ILD in patients with LC and
when LC developed in our current study. In general, although IPF showed a poorer prognosis than
non-IPF ILD[29, 30], there are few previous studies that have focused on the prognosis according
to the ILD subtype in patients with ILD-LC. In a previous study reported by Yoon et al., it was
reported that lung cancer with IPF had higher mortality compared to lung cancer in non IPF ILD
(HR, 6.2; p = 0.001) among 31 IPF-LC patients and 16 non-IPF ILD-LC patients. However, it
was difficult to make a meaningful comparison between the groups due to the small sample size
and difference in cancer subtypes; despite statistically insignificant, the IPF group comprised of
41% SqCC patients and 26% ADC patients, while the non-IPF ILD group comprised of 19%
SqCC and 63% ADCJ31]. Additionally, other studies have demonstrated that LC patients with
non-IPF ILD are associated with a poorer prognosis compared to non-IPF ILD patients without
LC[32, 33]. These previous results suggested that even in non-IPF ILD, the development of LC
may lead to a poor prognosis, which is consistent with the results of our study. In addition to IPF,
there are subtype of ILDs such as progressive fibrosing interstitial lung disease (PF-ILD) or
progressive pulmonary fibrosis (PPF) that exhibit a progressive course[34, 35]. As it is possible
that some patients with PPF were included in the non-IPF ILD group, this could be an additional
factor contributing to the absence of prognostic differences between the IPF and non-IPF groups.
Additionally, there is a possibility that there may be no difference in prognosis due to the eftects
of anti-fibrotic agents that are more commonly used in IPF[36]. The antifibrotic agents have been
shown to effectively decelerating the progression of fibrosis and an effect; though limited, of anti-
tumor properties. Although there is still no well-established research[37, 38], it might be
considered that the effects of medication may have contributed to the improved survival rates of
the IPF group. Another possible explanation for the absence of prognostic differences between
IPF and non-IPF LC is the occurrence of AE in both IPF and non-IPF ILDs[39-41], which have

been associated with poor clinical outcomes. In our study, AE was observed to occur at a similar
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rate of 30.9% in patients with IPF and 20.0% in patients with non-IPF (p = 0.147) in NSCLC

patients.

In our present study, we observed an independent association between KL-6 and poor prognosis
in patients with fibrosing ILD who also have LC. KL-6 is a high-molecular-weight glycoprotein
encoded by the MUCI1 gene and distributed mainly on the surface of type Il alveolar epithelial
cells (AECs) covering bronchioles and alveoli[42]. When there is injury, cell proliferation and
inflammation, AECs is disrupted and then KL-6 may diffuse into the pulmonary epithelial lining
fluid and blood flow[43]. KL-6 has been suggested as a diagnostic and prognostic indicator not
only in IPF but also in non-IPF ILD[44, 45]. Previous studies have showed that the baseline serum
KL-6 level might be act as a sensitive predictor for the onset of AE in IPF[46] and elevated KL-
6 level has been associated with more severe, progressive and poor outcomes of ILD[47, 48]. In
addition, previous studies showed that high level of KL-6 was associated with poor clinical
outcome in NSCLC patients who underwent surgery or received tyrosine kinase inhibitor (TKI)
treatment[49-51]. Recently, there have also been studies presenting KL-6 as a prognostic factor
in LC patients treated with immune checkpoint inhibitors (ICIs)[52]. Considering these previous
reports, KL-6 might serve as a significant biomarker in LC patients accompanying ILD. Tomita
et al., in 14 ILD patients with NSCLC, reported that a high KL-6 level showed a trend indicating
a worse prognosis compared to those with lower levels (p = 0.063)[53]. However, Miyazaki et al.,
in 273 LC patients with and without ILD, reported that KL-6 was higher in ILD group but, there
was no significant difference in prognosis based on KL-6 levels; however, this could be due to a
low cutoff value (500U/mL) and the small sample size (n=68)[54]. Otherwise, the group with
higher KL-6 levels (=1000U/mL) showed the higher mortality in LC patients with fibrosing ILD
in our study. These findings suggest that KL-6 with an appropriate cutoff might be a potent

prognostic biomarker in these patients.

In this study, the stage of LC and surgery performed for LC were the independent prognostic
factors in patients with NSCLC, respectively. Even in LC in ILD patients, it is relatively well
known that the clinical stage of LC is the one of prognostic factors in these patients[55]. Sato et
al. reported that the 5-year survivals rates following after surgical resection in lung cancers in
patients with ILD were 59%, 42%, 43%, 29%, 25%, 17% and 16% for patients with stage(TNM
stage, 6" edition) Ia, Ib, IIa, IIb, I1la, IITb, and IV, respectively[56]. Alomaish et al., in 146 patient
with lung cancer and ILD, reported that patients with stage IA, IB, IIB, and I11A had a significantly
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lower hazard of death or higher survival as compared to patients with stage IV based on the 7™
edition of the TNM system (HR 0.121, 0.270, 0.273, 0.362, respectively)[57]. In our study, the
stage of LC was an independent prognostic factor, as well. Moreover, surgery was independently
associated with a favorable outcome in our study. Likewise, Han et al., in 160 patients diagnosed
with LC and IPF, divided the patients were categorized into GAP stage and LC clinical stage, and
showed the that in GAP stage I, surgery significantly improved the survival in both early and
advanced LC stages (p = 0.023 and p = 0.019)[58]. In one survey, 78.2% of physicians responded
that they consider surgery in patient with IPF of mild to moderate functional impairment
(FVC>50%, DLCO>35%) with operable NSCLC (TNM stage I-11)[59]. Although there is a risk
of acute exacerbation in about 10% of patients who received surgery for LC[60], and the surgery
is feasible in selective patients with early stage of LC and relatively preserved pulmonary

function[61].

There were some limitations to this study. First, our study was a single-center, retrospective study,
which might have resulted in selection bias. Second, our study focused on only ILD patients
diagnosed with LC, and there may be limitations in presenting cancer prevalence among ILD
subtypes. Third, the follow-up periods were relatively short, with a median follow-up of 11
months after cancer diagnosis. However, considering the poor prognosis of patients with ILD-LC,
it is believed that a meaningful analysis was possible. Despite these limitations, we considered
that presenting lung cancer characteristics and clinical course based on ILD subtypes is a strength

of our study.

Conclusion

In patients with lung cancer, there were no statistically significant differences in clinical
characteristic s and mortality between IPF and non-IPF ILD. This finding suggests that the
diagnosis and management of LC are important in non-IPF ILD patients as well as patients with

IPF. Additionally, KL-6 might be served as a prognostic marker in lung cancer with fibrosing ILD.

17



References

1. Antoniou KM, Margaritopoulos GA, Tomassetti S, Bonella F, Costabel U, Poletti V.
Interstitial lung disease. European Respiratory Review. 2014;23(131):40-54.
2. Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK, et al. An official

ATS/ERS/JRS/ALAT statement: idiopathic pulmonary fibrosis: evidence-based guidelines for
diagnosis and management. Am J Respir Crit Care Med. 2011;183(6):788-824.

3. Wijsenbeek M, Suzuki A, Maher TM. Interstitial lung diseases. Lancet.
2022;400(10354):769-86.

4. Lederer DJ, Martinez FJ. Idiopathic Pulmonary Fibrosis. New England Journal of
Medicine. 2018;378(19):1811-23.

5. King CS, Nathan SD. Idiopathic pulmonary fibrosis: effects and optimal management of
comorbidities. Lancet Respir Med. 2017;5(1):72-84.

6. Ozawa Y, Suda T, Naito T, Enomoto N, Hashimoto D, Fujisawa T, et al. Cumulative
incidence of and predictive factors for lung cancer in IPF. Respirology. 2009;14(5):723-8.

7. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer

incidence and mortality worldwide: sources, methods and major patterns in GLOBOCAN 2012.
Int J Cancer. 2015;136(5):E359-86.

8. Ballester B, Milara J, Cortijo J. Idiopathic Pulmonary Fibrosis and Lung Cancer:
Mechanisms and Molecular Targets. International Journal of Molecular Sciences. 2019;20(3):593.
9. Tzouvelekis A, Gomatou G, Bouros E, Trigidou R, Tzilas V, Bouros D. Common

Pathogenic Mechanisms Between Idiopathic Pulmonary Fibrosis and Lung Cancer. Chest.
2019;156(2):383-91.

10. Jeng KS, Chang CF, Lin SS. Sonic Hedgehog Signaling in Organogenesis, Tumors, and
Tumor Microenvironments. Int J Mol Sci. 2020;21(3).

11. Xu JY, Zhang C, Wang X, Zhai L, Ma Y, Mao Y, et al. Integrative Proteomic
Characterization of Human Lung Adenocarcinoma. Cell. 2020;182(1):245-61.e17.
12. Sanders YY, Hagood JS, Liu H, Zhang W, Ambalavanan N, Thannickal VJ. Histone

deacetylase inhibition promotes fibroblast apoptosis and ameliorates pulmonary fibrosis in mice.
Eur Respir J. 2014;43(5):1448-58.

13. Sauleda J, Nufiez B, Sala E, Soriano JB. Idiopathic Pulmonary Fibrosis: Epidemiology,
Natural History, Phenotypes. Med Sci (Basel). 2018;6(4).
14. Barczi E, Nagy T, Starobinski L, Kolonics-Farkas A, Eszes N, Bohacs A, et al. Impact

of interstitial lung disease and simultaneous lung cancer on therapeutic possibilities and survival.
Thorac Cancer. 2020;11(7):1911-7.

15. Kawahara T, Sakashita H, Suzuki T, Tateishi T, Miyazaki Y. Real world data of combined
lung cancer and interstitial lung disease. Journal of Thoracic Disease. 2019;11(10):4144-51.

16. Kewalramani N, Machahua C, Poletti V, Cadranel J, Wells AU, Funke-Chambour M.
Lung cancer in patients with fibrosing interstitial lung diseases: an overview of current knowledge
and challenges. ERJ Open Res. 2022;8(2).

17. Choi WI, Park SH, Park BJ, Lee CW. Interstitial Lung Disease and Lung Cancer
Development: A 5-Year Nationwide Population-Based Study. Cancer Res Treat. 2018;50(2):374-
81.

18. Kuramochi J, Inase N, Miyazaki Y, Kawachi H, Takemura T, Yoshizawa Y. Lung cancer
in chronic hypersensitivity pneumonitis. Respiration. 2011;82(3):263-7.
19. Raghu G, Remy-Jardin M, Myers JL, Richeldi L, Ryerson CJ, Lederer DJ, et al.

Diagnosis of Idiopathic Pulmonary Fibrosis. An Official ATS/ERS/JRS/ALAT Clinical Practice
Guideline. American Journal of Respiratory and Critical Care Medicine. 2018;198(5):e44-e68.
20. Kadura S, Raghu G. Rheumatoid arthritis-interstitial lung disease: manifestations and
current concepts in pathogenesis and management. European Respiratory Review.
2021;30(160):210011.

18



21. Lundberg IE, Tjarnlund A, Bottai M, Werth VP, Pilkington C, Visser M, et al. 2017
European League Against Rheumatism/American College of Rheumatology classification criteria
for adult and juvenile idiopathic inflammatory myopathies and their major subgroups. Ann
Rheum Dis. 2017;76(12):1955-64.

22. Shiboski CH, Shiboski SC, Seror R, Criswell LA, Labetoulle M, Lietman TM, et al.
2016 American College of Rheumatology/European League Against Rheumatism classification
criteria for primary Sjégren's syndrome. A consensus and data-driven methodology involving
three international patient cohorts. 2017;76(1):9-16.

23. Hoogen Fvd, Khanna D, Fransen J, Johnson SR, Baron M, Tyndall A, et al. 2013
classification criteria for systemic sclerosis: an American college of rheumatology/European
league against rheumatism collaborative initiative. Annals of the Rheumatic Diseases.
2013;72(11):1747-55.

24. Robson JC, Grayson PC, Ponte C, Suppiah R, Craven A, Judge A, et al. 2022 American
College of Rheumatology/European Alliance of Associations for Rheumatology classification
criteria for granulomatosis with polyangiitis. Annals of the Rheumatic Diseases. 2022;81(3):315-
20.

25. Suppiah R, Robson JC, Grayson PC, Ponte C, Craven A, Khalid S, et al. 2022 American
College of Rheumatology/European Alliance of Associations for Rheumatology classification
criteria for microscopic polyangiitis. Annals of the Rheumatic Diseases. 2022;81(3):321-6.

26. Detterbeck FC, Boffa DJ, Kim AW, Tanoue LT. The Eighth Edition Lung Cancer Stage
Classification. Chest. 2017;151(1):193-203.

27. Wanger J, Clausen JL, Coates A, Pedersen OF, Brusasco V, Burgos F, et al.
Standardisation of the measurement of lung volumes. Eur Respir J. 2005;26(3):511-22.

28. Macintyre N, Crapo RO, Viegi G, Johnson DC, van der Grinten CP, Brusasco V, et al.
Standardisation of the single-breath determination of carbon monoxide uptake in the lung. Eur
Respir J. 2005;26(4):720-35.

29. Park JH, Kim DS, Park IN, Jang SJ, Kitaichi M, Nicholson AG, et al. Prognosis of
fibrotic interstitial pneumonia: idiopathic versus collagen vascular disease-related subtypes. Am
J Respir Crit Care Med. 2007;175(7):705-11.

30. Ryerson CJ, Urbania TH, Richeldi L, Mooney JJ, Lee JS, Jones KD, et al. Prevalence
and prognosis of unclassifiable interstitial lung disease. Eur Respir J. 2013;42(3):750-7.

31. Yoon JH, Nouraie M, Chen X, Zou RH, Sellares J, Veraldi KL, et al. Characteristics of
lung cancer among patients with idiopathic pulmonary fibrosis and interstitial lung disease -
analysis of institutional and population data. Respir Res. 2018;19(1):195.

32. Watanabe S, Saeki K, Waseda Y, Murata A, Takato H, Ichikawa Y, et al. Lung cancer in
connective tissue disease-associated interstitial lung disease: clinical features and impact on
outcomes. J Thorac Dis. 2018;10(2):799-807.

33. Enomoto Y, Inui N, Yoshimura K, Nishimoto K, Mori K, Kono M, et al. Lung cancer
development in patients with connective tissue disease-related interstitial lung disease: A
retrospective observational study. Medicine (Baltimore). 2016;95(50):e5716.

34, Raghu G, Remy-Jardin M, Richeldi L, Thomson CC, Inoue Y, Johkoh T, et al. Idiopathic
Pulmonary Fibrosis (an Update) and Progressive Pulmonary Fibrosis in Adults: An Official
ATS/ERS/JRS/ALAT Clinical Practice Guideline. Am J Respir Crit Care Med. 2022;205(9):e18-
ed7.

35. Cottin V, Hirani NA, Hotchkin DL, Nambiar AM, Ogura T, Otaola M, et al. Presentation,
diagnosis and clinical course of the spectrum of progressive-fibrosing interstitial lung diseases.
Eur Respir Rev. 2018;27(150).

36. "Antifibrotic therapy for fibrotic lung disease beyond idiopathic pulmonary fibrosis."
Bridget F. Collins and Ganesh Raghu. Eur Respir Rev 2019; 28: 190022. Eur Respir Rev.
2019;28(154).

37. Iwata T, Yoshida S, Fujiwara T, Wada H, Nakajima T, Suzuki H, et al. Effect of

19



Perioperative Pirfenidone Treatment in Lung Cancer Patients With Idiopathic Pulmonary Fibrosis.
Ann Thorac Surg. 2016;102(6):1905-10.

38. Fujiwara A, Funaki S, Fukui E, Kimura K, Kanou T, Ose N, et al. Effects of pirfenidone
targeting the tumor microenvironment and tumor-stroma interaction as a novel treatment for non-
small cell lung cancer. Sci Rep. 2020;10(1):10900.

39, Kolb M, Bondue B, Pesci A, Miyazaki Y, Song JW, Bhatt NY, et al. Acute exacerbations
of progressive-fibrosing interstitial lung diseases. Eur Respir Rev. 2018;27(150).

40. Izuka S, Yamashita H, Iba A, Takahashi Y, Kaneko H. Acute exacerbation of rheumatoid
arthritis-associated interstitial lung disease: clinical features and prognosis. Rheumatology
(Oxford). 2021;60(5):2348-54.

41. Manfredi A, Sebastiani M, Cerri S, Vacchi C, Tonelli R, Della Casa G, et al. Acute
exacerbation of interstitial lung diseases secondary to systemic rheumatic diseases: a prospective
study and review of the literature. J Thorac Dis. 2019;11(4):1621-8.

42. Ohshimo S, Yokoyama A, Hattori N, Ishikawa N, Hirasawa Y, Kohno N. KL-6, a human
MUCI1 mucin, promotes proliferation and survival of lung fibroblasts. Biochem Biophys Res
Commun. 2005;338(4):1845-52.

43, Inoue Y, Barker E, Daniloff E, Kohno N, Hiwada K, Newman LS. Pulmonary epithelial
cell injury and alveolar-capillary permeability in berylliosis. Am J Respir Crit Care Med.
1997;156(1):109-15.

44, Zheng P, Liu X, Huang H, Guo Z, Wu G, Hu H, et al. Diagnostic value of KL-6 in
idiopathic interstitial pneumonia. Journal of Thoracic Disease. 2018;10(8):4724-32.

45. Jiang D, Xiao H, Dong R, Geng J, Xie B, Ren Y, et al. Krebs von den Lungen-6 levels
in untreated idiopathic pulmonary fibrosis. The Clinical Respiratory Journal. 2022;16(3):234-43.
46. Ohshimo S, Ishikawa N, Horimasu Y, Hattori N, Hirohashi N, Tanigawa K, et al.

Baseline KL-6 predicts increased risk for acute exacerbation of idiopathic pulmonary fibrosis.
Respir Med. 2014;108(7):1031-9.

47. Zhang T, Shen P, Duan C, Gao L. KL-6 as an Immunological Biomarker Predicts the
Severity, Progression, Acute Exacerbation, and Poor Outcomes of Interstitial Lung Disease: A
Systematic Review and Meta-Analysis. Front Immunol. 2021;12:745233.

48. Jiang Y, Luo Q, Han Q, Huang J, Ou Y, Chen M, et al. Sequential changes of serum KL-
6 predict the progression of interstitial lung disease. J Thorac Dis. 2018;10(8):4705-14.
49, Tanaka S, Hattori N, Ishikawa N, Shoda H, Takano A, Nishino R, et al. Krebs von den

Lungen-6 (KL-6) is a prognostic biomarker in patients with surgically resected nonsmall cell lung
cancer. Int J Cancer. 2012;130(2):377-87.

50. Ishikawa N, Hattori N, Yokoyama A, Tanaka S, Nishino R, Yoshioka K, et al. Usefulness
of monitoring the circulating Krebs von den Lungen-6 levels to predict the clinical outcome of
patients with advanced nonsmall cell lung cancer treated with epidermal growth factor receptor
tyrosine kinase inhibitors. Int J Cancer. 2008;122(11):2612-20.

51. Fujiwara Y, Kiura K, Toyooka S, Hotta K, Tabata M, Takigawa N, et al. Elevated serum
level of sialylated glycoprotein KL-6 predicts a poor prognosis in patients with non-small cell
lung cancer treated with gefitinib. Lung Cancer. 2008;59(1):81-7.

52. Nakahama K, Izumi M, Yoshimoto N, Fukui M, Sugimoto A, Nagamine H, et al. Clinical
significance of KL-6 in immune-checkpoint inhibitor treatment for non-small cell lung cancer.
Cancer Chemother Pharmacol. 2023;92(5):381-90.

53. Tomita M, Ayabe T, Chosa E, Nose N, Nakamura K. Prognostic significance of
preoperative serum Krebs von den Lungen-6 level in non-small cell lung cancer. General Thoracic
and Cardiovascular Surgery. 2016;64(11):657-61.

54. Miyazaki K, Kurishima K, Kagohashi K, Kawaguchi M, Ishikawa H, Satoh H, et al.
Serum KL-6 levels in lung cancer patients with or without interstitial lung disease. J Clin Lab
Anal. 2010;24(5):295-9.

55. Watanabe A, Higami T, Ohori S, Koyanagi T, Nakashima S, Mawatari T. Is lung cancer

20



resection indicated in patients with idiopathic pulmonary fibrosis? J Thorac Cardiovasc Surg.
2008;136(5):1357-63, 63.e1-2.

56. Sato T, Watanabe A, Kondo H, Kanzaki M, Okubo K, Yokoi K, et al. Long-term results
and predictors of survival after surgical resection of patients with lung cancer and interstitial lung
diseases. The Journal of Thoracic and Cardiovascular Surgery. 2015;149(1):64-70.¢2.

57. Alomaish H, Ung Y, Wang S, Tyrrell PN, Zahra SA, Oikonomou A. Survival analysis in
lung cancer patients with interstitial lung disease. PLoS One. 2021;16(9):¢0255375.

58. Han S, Lee YJ, Park JS, Cho YJ, Yoon HI, Lee JH, et al. Prognosis of non-small-cell
lung cancer in patients with idiopathic pulmonary fibrosis. Sci Rep. 2019;9(1):12561.

59. Tzouvelekis A, Antoniou K, Kreuter M, Evison M, Blum TG, Poletti V, et al. The
DIAMORFOSIS (DIAgnosis and Management Of lung canceR and FibrOSIS) survey:
international survey and call for consensus. ERJ Open Res. 2021;7(1).

60. Patel AJ, Walters GI, Watkins S, Rogers V, Fallouh H, Kalkat M, et al. Lung cancer
resection in patients with underlying usual interstitial pneumonia: a meta-analysis. BMJ Open
Respir Res. 2023;10(1).

61. Erratum: "Lung cancer in patients with fibrosing interstitial lung diseases: an overview
of current knowledge and challenges". Namrata Kewalramani, Carlos Machahua, Venerino Poletti,
Jacques Cadranel, Athol U. Wells and Manuela Funke-Chambour. ERJ Open Res 2022; 8: 00115-
2022. ERJ Open Res. 2022;8(3).

21



Supplemental Material

e-Table 1. Comparison of lung cancer characteristics in ILD patients with SCLC according to the

type of ILD.
Characteristic Al{ IPli_LC NOE_IPF_LC p-value
(n=22) (n=11) (n=11)
Clinical stage >0.999
Limited 12 (54.5) 6 (54.5) 6 (54.5)
Extensive 10 (45.5) 5(45.5) 5(45.5)
Initial treatment for lung cancer
Surgery 1(4.5) 1(9.1) 0(0.0) >0.999
Chemotherapy 13 (59.1) 7 (63.6) 6 (54.5) >0.999
Radiotherapy 2(9.1) 1(9.1) 1(9.1) >0.999
t}i (r’:;;mm chemoradiation 4(182) 19.1) 3(27.3) 0.586
Best supportive care 2(9.1) 109.1) 19.1) >0.999
Treatment of ILD
Antifibrotic agent 11 (50.0) 10 (90.9) 1(9.1) <0.001
Corticosteroid + IS 10 (45.5) 5(45.5) 5(45.5) >0.999
Initial treatment 4(18.2) 0 (0.0) 4(36.4) 0.090
Acute exacerbation 9 (40.9) 5(45.5) 4(36.4) >0.999
Acute exacerbation 9 (40.9) 5(45.5) 4(36.4) >(.999
Overall mortality 11 (50.0) 4 (36.4) 7 (63.6) 0.201
AE-related death 2 (18.2) 2 (50.0) 0(0.0) 0.109
Infection-related death 2(18.2) 0(0.0) 2(18.2) 0.491
Unknown 7 (63.6) 2 (50.0) 5(71.4) 0.576

Data are expressed as mean + standard deviation for continuous variables and number (percentage) for
categorical variables. ILD, interstitial lung disease; SCLC, small cell lung cancer; IS,

immunosuppressants; AE, acute exacerbation
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