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Abstract

Background: Interstitial lung abnormality (ILA) is closely related to lung cancer. This
study aimed to assess whether the presence of ILA is associated with the
clinicoradiological features of elderly patients (=70 years) with early-stage non-small
cell lung cancer (NSCLC).

Methods: Elderly patients who underwent surgical resection for stage I or II
NSCLC with preserved lung function between 2012 and 2019 were retrospectively
identified. ILA was evaluated using a three-point scale. Univariate analyses were
performed for clinicoradiological features based on the presence of ILA. Logistic
and linear regression analyses were performed for cancer staging and tumor size,
respectively.

Results: A total of 254 patients were evaluated. The presence of ILA (score = 2) was
significantly associated with male sex, current or former smoker status, higher pack-
years of smoking, low forced expiratory volume in one second/forced vital capacity
ratios and diffusing capacity of the lung for carbon monoxide, and presence of emphy-
sema (=5%). Tumor characteristics, such as lower lobe and outer one-third location,
squamous cell carcinoma, and higher cancer stage (stage II) were significantly associ-
ated with ILA. The presence of ILA independently predicted a higher cancer stage
(adjusted odds ratio, 1.81; 95% confidence interval, 1.10-2.96; p = 0.02) and a larger
tumor size in linear regression analysis (p = 0.04).

Conclusions: Patients with ILA showed clinicoradiological features similar to those of
idiopathic pulmonary fibrosis in elderly patients with early-stage NSCLC. Identifying
the clinical implications of ILA in early-stage lung cancer will guide clinicians in pro-
viding appropriate management for these patients.

KEYWORDS
early-stage non-small cell lung cancer, elderly patients, idiopathic pulmonary fibrosis, interstitial lung
abnormality

for mortality reduction, this method can now be broadly
applied worldwide.* Lung cancer screening has yielded

Lung cancer is the leading cause of cancer-related deaths'
and is mainly diagnosed in elderly patients (median age of
diagnosis: 71 years). Furthermore, 86% of all lung cancer
cases involve non-small cell lung cancer (NSCLC).>? Given
that lung cancer screening with low-dose computed tomog-
raphy (LDCT) has become part of evidence-based medicine

interesting results. First, a study indicated that the incidence
rates of early-stage lung cancer (stages I and II) and late-
stage lung cancer (stages III and IV) are increasing and
decreasing, respectively.” Another study showed that only
15% of lung cancers detected in routine care were stage I
NSCLC, whereas the ratio was reported to be up to 70%
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when NSCLC was detected via lung cancer screening.®’ Sec-
ond, an increase in LDCT scans leads to an increase in nod-
ule detection and in other incidental but important
radiological abnormalities, particularly interstitial lung
abnormalities (ILAs) or emphysema. Older age is related to
the probability of discovering incidental findings.” Consider-
ing that incidental findings are more prevalent in older
patients and that lung cancer is mainly found in elderly
patients, the appropriate management of incidental findings
will become more important in the future.

ILA refers to incidental radiological findings without sig-
nificant clinical symptoms or functional decline. Old age
and smoking are well-known risk factors for ILA.® ILA is
closely related to lung cancer. The National Lung Cancer
Trial showed that ILA is an independent risk factor for lung
cancer and is also related to cancer-specific mortality.” Eval-
uating ILA wusing preoperative computed tomography
(CT) is beneficial for elderly patients with early-stage
NSCLC because pretreatment ILA can serve as a predictive
factor for postoperative pulmonary complications due to
early-stage NSCLC in elderly patients after curative resec-
tion.">'! Therefore, it is essential to determine how the
clinicoradiologic features of lung cancer patients differ based
on the presence of ILA because this information can lead to
the establishment of an appropriate treatment strategy.

This study aimed to assess whether the presence of ILA
is related to the clinicoradiological features of elderly
patients (270 years) with early-stage NSCLC.

METHODS

This study was approved by the Institutional Review Board
of Chonnam National University Hwasun Hospital (approval
no. CNUHH-2021-242). The requirement for informed con-
sent was waived owing to the retrospective study design.

Patients

This study included patients aged =70 years who underwent
surgical resection at Chonnam National University Hwasun
Hospital. The inclusion criteria were (i) NSCLC with clinical
or pathologic stage I or II and (ii) preserved lung function
with normal spirometry results. Considering that ILA is an
incidental radiological abnormality without clinical symp-
toms or functional decline, we included “normal spirometry
results” as an inclusion criterion. A normal spirometry
result was defined as a prebronchodilator forced expiratory
volume in one second (FEV,)/forced vital capacity (FVC)
ratio of >0.70 and as FVC >80% of the predicted value.

Data collection

Clinical data for all patients were obtained by reviewing
their electronic medical records. These data included age,

sex, smoking status, pack-years of smoking, body mass
index (BMI; kg/mz), diabetes mellitus, hypertension, cardio-
vascular disease, presence of double primary cancer, and his-
tory of cancer. The results of preoperative pulmonary
function tests involved prebronchodilator FEV/FVC ratio,
percentage of predicted FEV;, FVC, and diffusing capacity
of the lung for carbon monoxide (DLco). Clinical or patho-
logic staging was re-evaluated according to the eighth
tumor-node-metastasis (TNM) staging system. The detailed
histology of the resected pathological specimens and tumor
size were also investigated. Tumor size was defined as the
maximal diameter of the pathologic specimen.

Imaging acquisition and analysis

All CT scans, including high-resolution CT images, were
obtained using the following multidetector CT scanners:
LightSpeed 16 (GE Healthcare), LightSpeed VCT (GE
Healthcare), Somatom Definition Flash (Siemens Healthineers,
Erlangen, Germany), and Revolution (GE Healthcare). The
slice thickness used in our hospital was 2.0-3.0 mm.

The presence of ILA and emphysema, and the location
of the tumors were evaluated by reviewing the preopera-
tive CT scans. We evaluated ILA using a three-point
scale: 0 = no ILA, 1 = equivocal for ILA, and 2 = pres-
ence of ILA. The presence of ILA (score = 2) was defined
as an incidentally detected CT abnormality comprising
reticulation, ground-glass abnormality, traction bronchiec-
tasis, nonemphysematous cysts, and honeycombing that
exceeds 5% of the entire lung. “Equivocal for ILA”
(score = 1) was defined as focal or unilateral ground-glass
abnormality, focal or unilateral reticulation, and ground-
glass abnormality involving less than 5% of the entire
lung12 (Figure 1).

The presence of emphysema was defined as involvement
of more than 5% of the entire lung in accordance with the
Fleischner Society guidelines."” The location of the tumors
was assessed by two factors: lower lobe location and
laterality. First, the location of the tumor was divided into
the lower and nonlower lobes. The right middle lobe was
considered as the nonlower lobe. Second, the laterality of the
tumor was evaluated as the distance from the epicenter of
the tumor to the pulmonary hilum. We used concentric
lines arising from the hilum to define the inner one-third,
middle one-third, and outer one-third in the definition of
central lung cancer."* Tumor size was evaluated using the
eighth TNM staging system (Figure 1).

Statistical analysis

All statistical analyses were performed using IBM SPSS Sta-
tistics for Windows (version 28.0; IBM Corp.). Data are
presented as numbers and percentages for categorical
variables and as median values with interquartile ranges
for continuous variables. The independent t-test was used
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FIGURE 1 Definitions of
tumor location and laterality and
interstitial lung abnormality.

(a) Boundaries separating laterality
and location. The red and yellow
lines indicate the boundaries of the
inner, middle, and outer one-third
from the pulmonary hilum. The
blue line indicates the boundary
between the lower lobe and
nonlower lobe. (b) Axial high
resolution computed tomography
(CT) scan shows an approximately
3.1-cm mass in the left upper lobe.
The mass is located in the inner
one-third of the pulmonary hilum.
(c) Axial high resolution CT scan
shows an approximately 1.5-cm
nodule in the left lower lobe (black
arrow). The nodule is located in the
outer one-third of the pulmonary
hilum. Ground-glass abnormalities
and mildly dilated bronchi involving
less than 5% of the entire lung area
are visible in the subpleural areas of
both lower lobes (black arrowheads),
thus indicating equivocal results for
ILA (score = 1). (d) Axial high-
resolution CT scan shows an
approximately 2-cm nodule in the
right lower lobe (white arrow). The
nodule is located in the outer one-

third of the pulmonary hilum.
Reticulation (white arrowheads) and
traction bronchiectasis (dotted
arrow) are visible in the subpleural
areas of both lower lobes, thus
indicating ILA (score = 2). (e) Axial
high-resolution CT scan shows
centrilobular lucency exceeding 5%
of the lung parenchyma, thus
indicating centrilobular emphysema

for continuous variables, while the chi-squared test and Fish-
er’s exact test were used for categorical variables. Logistic
regression analysis was performed to evaluate the association
between cancer staging and relevant clinicopathological fac-
tors. Linear regression analysis was performed to evaluate
the association between the maximal tumor diameter and
relevant clinicoradiological factors. Two experienced tho-
racic radiologists (W.G.J., 11 years of experience; J.E.L.,
8 years of experience) independently reviewed all CT
images. They evaluated the presence of ILA using a three-
point scale, the presence of emphysema exceeding 5% of the
entire lung, and the laterality of the tumor. Interobserver
agreements for ILA scoring, presence of emphysema, and
laterality of the tumor were assessed using the kappa value

of agreement with 95% confidence intervals (CIs). After all
CT scans were reviewed by two readers, discrepant cases
underwent a consensus-building process. Statistical signifi-
cance was set at p < 0.05.

RESULTS

Among the 550 patients who underwent lung cancer surgery
because of early NSCLC between January 2012 and
December 2019, 273 patients were excluded because they
had abnormal spirometry results. Patients who had multiple
primary lung cancers (n = 4) and a history of lung or esoph-
ageal cancer (n = 19) were also excluded. A total of
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Age >70

(Stage I or IT)

Between 2012 and 2019
Normal spirometry results?

Inclusion criteria (n = 550)

Surgical resection for early stage NSCLC

FIGURE 2 Flowchart of the
selection and exclusion of the study
population. NSCLC, non-small cell
lung cancer; ILA: interstitial lung
abnormality. * Normal spirometry

result was defined as a

prebronchodilator forced expiratory
volume in one second (FEV;) to
forced vital capacity (FVC) ratio of
>70 or FVC 280% of the predicted

Abnormal spirometry (n = 273)

Multiple primary lung cancer (n = 4)

value

Exclusion criteria (n = 296)

History of lung cancer or esophageal cancer (n =

19)

Included patients (n = 254)

No ILA
(score 0, n =177)

Equivocal for ILA
(score 1, n =32)

ILA

(score 2, n =45)

TABLE 1 Patient demographics according to the interstitial lung abnormality scoring

ILA score

Characteristics Oor1 (n=209) 2 (n=45) Total (n = 254) p-value
Age (years) 73 (71,76) 73 (71.5, 75.5) 73 (71,76) 0.45
Male 89 (42.6) 41 (91.1) 130 (51.2) <0.001
Smoking status <0.001

Never 137 (65.6) 3(6.7) 140 (55.1)

Former/current 72 (34.4) 42 (94.4) 114 (44.9)
Pack years of smoking 0 (0, 21.3) 40 (27, 50) 0 (0, 30) <0.001
BMI, kg/m? 23.5 (21.6, 25.7) 24.0 (21.5, 25.6) 23.6 (21.6, 25.6) 0.15
DM 61 (29.2) 18 (40) 79 (31.1) 0.11
HTN 120 (57.4) 21 (46.7) 141 (55.5) 0.13
Cardiovascular disease 20 (9.6) 4(8.9) 24 (9.4) 0.58
Double primary cancer 15 (7.2) 2(3.0) 17 (6.7) 0.39
Previous cancer history 38 (18.2) 8(17.8) 46 (18.1%) 0.57
PFT

FVC (% pred) 90 (83,99) 86 (82, 95.5) 89 (83,99) 0.17

FEV, (% pred) 99 (91, 108) 94 (88.8, 109.5) 99 (90, 108) 0.28

FEV,/FVC 76.0 (73.0, 79.7) 73.0 (70.7, 77.5) 75.6 (72.5,79.3) 0.01

DLco (% pred) 105 (90.8, 118.6) 80 (67.0, 93.5) 101.5 (86.0, 117.6) <0.001
Emphysema (=5%) 10 (4.8) 13 (28.9) 23 (9.1) <0.001

Note: Continuous variables are presented as median values (interquartile range). Values for the number of patients are presented as numbers and percentages (in parenthesis). Bold values indicate

that p < 0.05.

Abbreviations: BMI, body mass index; DL, diffusing capacity of the lung for CO; DM: diabetes mellitus; FEV, forced expiratory volume in one second; FVC, forced vital capacity; HTN,
hypertension; ILA, interstitial lung abnormality.

254 patients were finally included (Figure 2). The presence
of ILA (score = 2) was observed in 17.7% (45/254) of the
patients, and 32 patients (12.6%) showed equivocal results

for ILA (score = 1) on preoperative CT scans. The
remaining 177 patients (69.7%) did not show ILA (score = 0)
(Figure 2).
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FIGURE 3 Box plot for
maximal tumor diameter according 70
to interstitial lung abnormality
scoring. Abbreviations: ILA,
interstitial lung abnormality

w B %
o (=] o

Maximal tumor diameter (mm)
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ILA score=0or 1

FIGURE 4 Rate of lung cancer

staging according to interstitial lung 100%
abnormality scoring. ILA, interstitial
lung abnormality. Patients with ILA
score 2 had a significantly higher
rate of stage II lung cancer
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The median (interquartile range) age of all patients was
73 (71-76) years. There was no statistical difference between
patients with ILA scores of two and those with ILA scores of
zero or one. Among the 254 patients, 130 were men
(51.2%), and the presence of ILA (score = 2) was signifi-
cantly associated with male sex, compared with “no ILA”
(score = 0) or “equivocal for ILA” (score = 1) (percentage:

60 —

= =

p <0.001

ILA score =2

p <0.001

ILA score =2

m Stage I ® Stage I1

42.6% vs. 91.1%, p < 0.001). A total of 114 patients were for-
mer or current smokers (44.9%). The presence of ILA was
significantly associated with former or current smokers
(p <0.001) and higher pack-years of smoking (median
pack-years of smoking: 0 vs. 40, p < 0.001). The median
BMI was 23.6 kg/m®. Hypertension was observed in approx-
imately half of the patients (141 patients, 55.5%). BMI and
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TABLE 2 Tumor characteristics according to interstitial lung abnormality scoring
ILA score
Characteristics Oor1 (n=209) 2 (n = 45) Total (n = 254) p-value
Location 0.02
Nonlower lobe 134 (64.1) 21 (46.7) 155 (61.0)
Lower lobe 75 (35.9) 24 (53.3) 99 (39.0)
Location (laterality) <0.001
Inner one-third 36 (17.2) 6(13.3) 42 (16.5)
Middle one-third 100 (47.8) 10 (22.2) 110 (43.3)
Outer one-third® 73 (34.9) 29 (64.4) 102 (40.2)
T stageb 0.08
1 (<30 mm) 122 (58.4) 18 (40.0) 140 (55.1)
2a (>30 mm, <40 mm) 48 (22.9) 13 (28.9) 61 (24.0)
2b (>40 mm, <50 mm) 30 (14.4) 9 (20.0) 39 (15.4)
3 (>50 mm, <70 mm) 9 (4.3) 5(11.1) 14 (5.5)
Tumor size (mm)® 25.0 (16.0, 35.0) 30.0 (21.0, 40.5) 25.5(17.8, 35.0) <0.001
N stage 0.37
0 194 (92.8) 40 (88.9) 234 (92.1)
1 15 (7.2) 5(11.1) 20 (7.9)
Histology <0.001
Non-SQC 178 (85.2) 26 (57.8) 204 (80.3)
SQC 31 (14.8) 19 (42.2) 50 (19.7)
Lung cancer stage* <0.001
Stage I 175 (83.7) 26 (57.8) 201 (79.1)
Stage II 34 (16.3) 19 (42.2) 53 (20.9)

Note: Continuous variables are presented as median values (interquartile range). Values for the number of patients are presented as numbers and percentages (in parenthesis). Bold

values indicate that p < 0.05.

Abbreviations: ILA, interstitial lung abnormality; SQC, squamous cell carcinoma.
“Significant differences considering Bonferroni’s correction for post hoc analysis.
bBy the eighth TNM staging.

“Maximal tumor diameter.

history of lung or esophageal cancer did not show statistical
differences between the two groups. Patients with ILA
(score = 2) showed a significantly lower FEV;/FVC ratio
(median percentage: 76 vs. 73, p = 0.01) and lower percent-
age predicted DLco (median percentage: 105 vs.
80, p < 0.001) than those with no ILA (score = 0) or “equiv-
ocal for ILA” (score = 1). Emphysema (>5%) was observed
in 23 patients (9.1%). The presence of ILA (score = 2) was
significantly associated with the presence of emphysema
(=5%) compared with “no ILA” (score = 0) or “equivocal
for ILA” (score = 1) (Table 1).

Among 254 tumors, 99 and 102 tumors were located in
the lower lobe (39%) and outer one-third (40.2%), respec-
tively. The presence of ILA (score = 2) was significantly
associated with the lower lobe (p = 0.02) and outer one-third
(p < 0.001) of the tumors. Approximately half of the tumors
were at stage T1 (<30 mm) (140/254, 55.1%). A total of
61 (24%) and 39 (15.4%) patients had stage T2a tumors
(>30 mm and <40 mm) and stage T2b tumors (>40 mm
and < 50 mm), respectively. Although T staging did not
show a statistical difference, the maximal tumor diameters of

TABLE 3 Logistic regression analysis for cancer staging

Characteristics OR 95% CI p-value
ILA (score 2)* 1.81 1.10-2.96 0.02
Age 1.05 0.95-1.15 0.35
Male sex 1.37 0.38-4.86 0.63
Former/current smoker” 1.23 0.32-4.75 0.77
Emphysema (=5%) 1.01 0.35-2.90 0.98
Histology (SQC)° 1.92 0.85-4.30 0.12

Note: Bold values indicate that p < 0.05.

Abbreviations: CI, confidence interval; ILA, interstitial lung abnormality; OR, odds
radio; SQC, squamous cell carcinoma.

*Comparison of ILA score 2 with ILA score 0 or 1.

bComparison of former/current smoker with never smoker.

“Comparison of squamous cell carcinoma with nonsquamous cell carcinoma.

the two groups were significantly different (median diameter:
25mm vs. 30 mm) (Figure 3). Twenty patients showed
positive nodal metastases (N1, 7.9%). N staging did not
show a statistically significant difference. Fifty tumors were
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TABLE 4 Linear regression analysis for maximal tumor diameter

Characteristics Standardized coefficients beta t p-value
ILA (score = 2)* 0.15 2.05 0.04
Age 0.46 0.75 0.46
Male sex —0.01 —0.12 0.90
Former/current smoker” 0.04 0.31 0.76
Emphysema (=5%) 0.02 0.32 0.75
Histology (SQC)* 0.13 0.84 0.07

Note: Bold values indicate that p < 0.05.

Abbreviations: CI, confidence interval; ILA, interstitial lung abnormality; OR, odds radio; SQC, squamous cell carcinoma.

*Comparison of ILA score 2 with ILA score 0 or 1.
Comparison of former/current smoker with never smoker.
“Comparison of squamous cell carcinoma with nonsquamous cell carcinoma.

squamous cell carcinomas (19.7%). The presence of ILA
(score = 2) was significantly associated with squamous cell
carcinoma (p < 0.001) compared with “no ILA” (score = 0)
or “equivocal for ILA” (score = 1). A total of 53 patients had
stage II lung cancer (20.9%). Patients with ILA (score = 2)
showed significantly higher cancer staging (p < 0.001) than
those with no ILA (score = 0) or “equivocal for ILA”
(score = 1) (Figure 4, Table 2). Multivariate regression analy-
sis revealed that among several relevant risk factors, includ-
ing ILA (score = 2), age, male sex, smoking status, and
emphysema (=25%), the presence of ILA (score = 2) indepen-
dently predicted higher cancer staging (adjusted odds ratio,
1.81; 95% CI: 1.1-2.96; p = 0.02) (Table 3). The presence of
ILA (score = 2) also predicted a larger tumor size in the lin-
ear regression analysis (p = 0.04) (Table 4).

The two radiologists showed substantial interobserver
agreements for ILA scoring (k = 0.61; 95% CI: 0.51-0.71;
p <0.001), presence of emphysema (k = 0.78; 95% CI: 0.65-
0.90; p <0.001), and tumor laterality (x = 0.70; 95% CI:
0.62-0.77; p < 0.001).

DISCUSSION

Patients with combined lung cancer and idiopathic pulmo-
nary fibrosis (IPF) are known to have several characteristic
clinicoradiological features, such as a preponderance in male
smokers, lower lobe and peripheral location of tumors, and
a higher prevalence of squamous cell carcinoma.'> Our
study revealed that the clinicoradiological features in elderly
patients presenting with ILA and early-stage NSCLC resem-
ble those in patients with combined lung cancer and IPF.
Considering that ILA is a subclinical stage of interstitial lung
disease (ILD) and that fibrotic ILA, a subcategory of ILA, is
an important early precursor of IPF, the aforementioned
characteristics are sufficiently explainable. Currently, ILA
and ILD are considered to lie in the spectra of pulmonary
fibrosis, and not in separate diseases.'® ILA and ILD are
independent risk factors for lung cancer development.”!”
Regarding ILD, particularly IPF, several studies have
reported that the pathomechanism of IPF overlaps with that

of lung cancer.'® The abnormality of the epithelial layer in
IPF is closely related to carcinogenesis, which subsequently
results in the transition to invasive cancer.'” Fibrosis in IPF
causes cellular metaplasia and repeated tissue damage and
repair, thus increasing vulnerability to lung cancer.’® A
study in Japan reported that lung cancer risk is 3.5 times
higher in patients with fibrotic lesions regardless of smoking
status.”! Two other studies reported that patients with IPF
have 4.99 and 7.3 times higher risk of developing lung can-
cer.”»* The close relationship between fibrosis and carcino-
genesis also affects the tumor location. Lung cancers in IPF
patients tend to be located in the interface between normal
lung tissue and fibrosis or within fibrosis.** Lower lobe and
peripheral predilection are also well-known features of lung
cancer in IPF patients.

This study revealed that the presence of ILA was signifi-
cantly associated with higher cancer staging (stage I vs. stage
II) and larger maximal tumor diameter among several rele-
vant clinical and radiological factors. Jang et al.>> reported
that the severity of IPF is associated with higher cancer stag-
ing because widespread areas of fibrosis affect tumor devel-
opment. Assuming that ILA is a precursor to IPF, fibrosis
inherent in ILA may have influenced tumor arousal, thus
resulting in higher cancer staging and larger tumor size.
Squamous cell carcinoma is associated with an adverse prog-
nosis compared with adenocarcinoma.”® Tumor staging
reflects patient outcomes, that is, a higher staging is associ-
ated with a worse prognosis. The current study revealed that
the presence of ILA is significantly associated with squa-
mous cell carcinoma and higher cancer staging. These
results have two important clinical implications. First, risk
factor modification, such as smoking cessation, must be rec-
ommended for patients throughout their lives to prevent
ILA development. Second, when ILA is observed on thoracic
CT, including lung cancer screening, close follow-up or
thorough evaluation may be necessary for the early detection
of lung cancer.

The characteristics of our study that show similarities to
IPF are also supported by pathological evidence. Although
ILA is a subclinical stage of pulmonary fibrosis, histopatho-
logical findings of ILA are similar to those of pulmonary
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fibrosis and usual interstitial pneumonia (UIP). Several
authors have determined the histopathological features of
ILA. Miller et al.*” reported that subpleural fibrosis and UIP
findings are strongly associated with subpleural ILA. Chae
et al.”® also reported that definite or probable UIP patterns
were observed on histopathological examinations in major-
ity of subpleural fibrotic ILA subjects.

Lung cancer treatment consists of various components,
such as surgery, chemotherapy, and radiation therapy. In
addition, personalized medicine is actively developed and
adapted owing to its intractability and higher cancer-related
mortality. Pretreatment risk stratification is especially
emphasized in lung cancer patients with IPF, as the lung is
vulnerable to cancer-related therapies in this group, thus
unexpectedly leading to a disastrous event.”® Although pre-
vious studies already demonstrated that pretreatment ILA is
a risk factor for pulmonary complication following cancer-
related therapies,® our study goes one step further and raises
the need to put patients with pretreatment ILA on the same
line as IPF and establish different treatment strategies.

Several studies have reported that ILA presents a less
obstructive pattern on pulmonary function test,’® but the
current study found that the FEV,/FVC ratio was signifi-
cantly lower in patients with ILA. The large number of
smokers and the older age of our study population may have
caused the opposite result. Emphysema (25%) was signifi-
cantly associated with the presence of ILA. The above results
can be explained by the fact that smoking is a representative
risk factor for ILA and emphysema.® Impaired gas exchange,
which appears as low DLco in the ILA population, has also
been proven.*!

This study has several limitations. First, this was a retro-
spective, single-center study. Second, this study only consid-
ered elderly patients with early-stage NSCLC. Given that age
is one of the representative risk factors for ILA, different
results might be obtained when the study is performed with-
out age limitations. Third, there was a risk of selection bias
due to the exclusion of patients with abnormal spirometry
results from our study. Considering the definition and cur-
rent guidelines of ILA, patients with functional impairment
should be managed as preclinical or early ILD rather than
ILA.® ILA cannot be simply distinguished from preclinical
or early ILD by spirometry results as they are in the same
spectrum of ILD development and both disease entities
imply asymptomatic patients and normal pulmonary func-
tion.”> Nonetheless, we tried to exclude possible ILD cases
by adapting spirometry results to eliminate confounding fac-
tors as much as possible. Pulmonary function tests are help-
ful in diagnosing and characterizing ILD.*® FEV1/FVC ratio
and percentage predicted FVC are two major determinants
of pulmonary disease on the pulmonary function test. FEV;/
FVC ratio over 0.7 or percentage predicted FVC under 80%
indicate the possibility of mixed pattern and restrictive pat-
tern pulmonary disease.”* Fourth, we did not use the sub-
classification of ILAs based on the Fleischner Society
classification system. The subclassification of ILAs may be

more appropriate for risk stratification. Fifth, this study only
considered fragmentary aspects of clinical features based on
the presence of ILA. Survival analysis, such as overall sur-
vival or progression-free survival, may be more meaningful
in the application of these results in clinical practice. Finally,
the quantification of ILD has been widely applied in many
studies. Considering that the extent or degree of ILA varies
among patients, further studies with quantification are
needed.

In conclusion, patients with ILA showed clinicoradio-
logical features that are similar to those of IPF in elderly
patients with early-stage NSCLC. Identifying the clinical
implications of ILA in early-stage lung cancer will guide cli-
nicians in providing appropriate management for patients.
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