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Predictive Value of Interstitial Lung Abnormalities for Postoperative Pulmonary
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Purpose I|dentifying pretreatment interstitial lung abnormalities (ILAs) is important because of their predictive value for complications
after lung cancer treatment. This study aimed to assess the predictive value of ILAs for postoperative pulmonary complications (PPCs)
in elderly patients undergoing curative resection for early-stage non-small cell lung cancer (NSCLC).

Materials and Methods Elderly patients (age > 70 years) who underwent curative resection for pathologic stage | or I| NSCLC with
normal preoperative spirometry results (pre-bronchodilator forced expiratory volume in 1 second to forced vital capacity [FVC] ratio
> 0.70 and FVC > 80% of the predicted value) between January 2012 and December 2019 were retrospectively identified. Univari-
able and multivariable regression analyses were performed to assess risk factors for PPCs. The Kaplan-Meier method and log-rank
test were used to analyze the relationship between ILAs and postoperative mortality. One-way analysis of variance was performed to
assess the correlation between ILAs and hospital stay duration.

Results A total of 262 patients (median age, 73 years [interquartile range, 71 to 76 years]; 132 male) were evaluated. A multivari-
able logistic regression model revealed that, among several relevant risk factors, fibrotic ILAs independently predicted both overall
PPCs (adjusted odds ratio [OR], 4.84; 95% confidence interval [Cl], 1.35 to 17.38; p=0.016) and major PPCs (adjusted OR, 8.72; 95%
Cl, 1.71 to 44.38; p=0.009). Fibrotic ILAs were significantly associated with higher postoperative mortality and longer hospital stay

(F=5.21, p=0.006).

Conclusion Pretreatment fibrotic ILAs are associated with PPCs, higher postoperative mortality, and longer hospital stay.

Key words Interstitial lung abnormality, Postoperative pulmonary complication, Early-stage non-small cell lung neoplasms, Preopera-

tive risk stratification, Elderly patients

Introduction

Lung cancer is a major medical concern in elderly patients
and a leading cause of cancer-related mortality [1,2]. The
median age at diagnosis of lung cancer is 71 years [3]. Non-
small cell lung cancer (NSCLC) accounts for approximately
80% of all lung cancers. Surgery is the standard treatment for
early-stage NSCLC and can be safely performed in elderly
patients [4]. Recently, a Dutch-Belgian lung cancer screening
trial (NELSON [Nederlands-Leuvens Longkanker Screen-
ings Onderzoek]) reported that lung cancer screening can
reduce lung cancer mortality [5]. Increased lung cancer
screening will lead to increased detection of early-stage lung
cancer and, with increasing population aging, increased app-
lication of lung cancer surgery in elderly patients.

As elderly patients have many comorbidities and lung
cancer surgery can result in more postoperative complica-
tions in this group than in younger groups [6], preopera-

tive risk stratification is essential for correcting modifiable
risk factors and predicting adverse clinical outcomes, such
as postoperative pulmonary complications (PPCs). PPCs are
important because they are major factors increasing mortal-
ity and morbidity after thoracotomy and are associated with
increased costs owing to prolonged hospital stay [7].
Preoperative risk stratification consists of multidiscipli-
nary assessments, including cardiologic evaluation and pul-
monary function tests [8]. Preoperative chest computed
tomography (CT) is widely used nowadays. In addition to
its role in TNM staging, CT can provide useful information,
such as the presence of interstitial lung abnormalities (ILAs),
in patients without clinically significant abnormalities. ILAs
are incidental radiologic findings such as ground-glass atten-
uation, reticulation, traction bronchiectasis, honeycombing,
and nonemphysematous cysts [9]. ILAs have been receiving
attention in the era of lung cancer screening. Asymptomatic
ILAs were identified to be an independent risk factor for lung
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cancer in the National Lung Cancer Trial [10]. Pretreatment
ILAs are associated with pulmonary morbidity and mor-
tality in patients undergoing lung cancer treatment includ-
ing chemotherapy [11] and radiation therapy [12]. As ILAs
reflect subclinical abnormalities, they can serve as predictors
of prognosis after lung cancer surgery in patients with early-
stage disease.

This study aimed to assess the predictive value of ILAs for
PPCs in elderly patients (age > 70 years) undergoing curative
lung resection for early-stage NSCLC.

Materials and Methods

This study was conducted on patients aged > 70 years who
underwent curative lung resection at our hospital. The inclu-
sion criteria were as follows: (1) NSCLC of pathologic stage I
or ITand (2) preserved lung function with normal spirometry
results. Clinical and pathologic staging were reevaluated
according to the 8th TNM staging system. Normal spirom-
etry results were defined as a pre-bronchodilator forced
expiratory volume in 1 second (FEV:) to forced vital capacity
(FVC) ratio of > 0.70 and FVC > 80% of the predicted value.

Data on clinical factors were obtained by reviewing the
patients’ electronic medical records, including age, sex, body
mass index, smoking status, American Society of Anesthe-
siologists (ASA) physical status classification, comorbidities,
serum hemoglobin, serum albumin, percentage predicted
FEV;, percentage predicted diffusing capacity of the lung for
carbon monoxide (DLco), and tumor histologic type. Specific
information about the operation was also investigated in de-
tail.

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

Two thoracic radiologists (W.G.J., 10 years of experience;
J.E.L., 7 years of experience) independently reviewed all CT
images. We evaluated several imaging features on preopera-
tive chest CT, including ILAs, emphysema, superimposed
infection, bronchial wall thickening, and bronchiectasis.
ILAs were defined as CT imaging findings that met the fol-
lowing criteria: (1) incidental identification of abnormalities
in nondependent lungs (including ground-glass or reticular
abnormalities, traction bronchiectasis, honeycombing, and
nonemphysematous cysts) and (2) involving at least 5% of
a lung zone. When ILAs were observed on CT, they were
further classified into the following subcategories: nonsub-

pleural, subpleural nonfibrotic, and subpleural fibrotic (Fig.
1). Fibrosis was defined as a lung distortion accompanying
traction bronchiectasis or honeycombing. This categoriza-
tion was based on the Fleischner Society classification sys-
tem [9]. Mild traction bronchiectasis in the subpleural and
juxtapleural areas in the absence of architectural distortion
was considered as a nonfibrotic ILA [13]. ILAs were further
reclassified as nonfibrotic (nonsubpleural, subpleural nonfi-
brotic) and fibrotic ILAs, according to the presence of fibro-
sis. The presence of ILAs was determined by consensus of
the two designated radiologists. The senior reader (W.G.].)
adjudicated when a consensus was not reached. Thereafter,
the subclassification of ILAs into each of the three subcatego-
ries was independently performed by two readers who were
blinded to the patients’ clinical characteristics. An interob-
server reliability test was performed for the subclassification
of ILAs.

Most PPCs were defined according to the European Perio-
perative Clinical Outcome definitions (S1 Table) [14]. Overall
PPCs included air leak persisting for > 7 days [15], pneumo-
thorax, pleural effusion, atelectasis, pneumonia, acute respir-
atory distress syndrome, respiratory failure, and bronchop-
leural fistula/empyema. Major PPCs included pneumonia,
acute respiratory distress syndrome, respiratory failure, and
bronchopleural fistula/empyema. When these complications
occurred within 60 days after surgery, they were defined as
PPCs. The length of hospital stay was also assessed. Rehos-
pitalization for PPCs was included in the length of hospital
stay.

All statistical analyses were performed with R statistical
software ver. 3.6.0 (R Foundation for Statistical Computing,
Vienna, Austria) and IBM SPSS Statistics for Windows ver.
25.0 (IBM Corp., Armonk, NY). Data are presented as num-
ber and percentage for categorical variables and median and
interquartile range for continuous variables. Univariable and
multivariable regression analyses were performed to assess
the risk factors for PPCs. The chi-square or Fisher exact tests
were used for categorical variables, and an independent t test
was used for continuous variables. The interobserver agree-
ment for the subclassification of ILAs was assessed accord-
ing to the percentage of concordant cases and kappa value
of agreement with 95% confidence intervals (CIs). One-way
analysis of variance (ANOVA) was performed to assess the
correlation between ILA subtypes and length of hospital
stay. The Kaplan-Meier method and log-rank test were used
to analyze the relationship between ILA subtypes and 30-,
90-, and 180-day mortality. Statistical significance was set at
p <0.05.
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Fig. 1. Subclassification of interstitial lung abnormalities (ILAs) according to the Fleischner Society classification system. (A) Nonsub-
pleural ILA: high-resolution computed tomography (CT) scan showing ground-glass abnormality with nonsubpleural distribution (white
arrows) in both lower lungs. (B) Subpleural nonfibrotic ILA: high-resolution CT scan showing ground-glass abnormality (arrowheads) and
mild traction bronchiectasis (white arrow) with subpleural distribution in both lower lungs. There is no evidence of fibrosis. (C) Subpleural
fibrotic ILA: high-resolution CT scan showing honeycombing (black arrow), traction bronchiectasis (white arrow), and nonemphysema-
tous cyst (arrowhead) with architectural distortion in both lower lobes.

Inclusion criteria (n=712)
- Age = 70 years
- Curative resection for early-stage
lung cancer (Stage | or Il)
- Between January 2012 and December 2019
- Normal spirometry results?

Exclusion criteria ‘

Abnormal spirometry results or
pathologic stage Ill or IV lung cancer (n=418)

History of lung cancer or esophageal cancer (n=19) ‘

Pathologically proven interstitial lung disease (n=6) ‘

Nonpulmonary postoperative complications (n=7)
- Chylothorax (n=3)

- Bronchial kinking (n=1)

- Pericarditis (n=1)

- Postoperative bleeding (n=1)

- Cerebral infarction (n=1)

\ Final study population (n=262)

Fig. 2. Flowchart of patient selection and study inclusion and exclusion criteria. ?A pre-bronchodilator forced expiratory volume in 1
second to forced vital capacity (FVC) ratio of > 0.70 and FVC = 80% of the predicted value.

Results

Of 712 patients who underwent lung cancer surgery bet-
ween January 2012 and December 2019, 418 patients were
excluded because they had abnormal spirometry results
or pathologic stage III or IV lung cancer. We also excluded
patients with a history of previous lung cancer or esophageal
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cancer (n=19), pathologically proven interstitial lung disease
(ILD) (n=6), and postoperative non-PPC (chylothorax, 3;
bronchial kinking, 1; pericarditis, 1; postoperative bleeding,
1; and cerebral infarction, 1). The final study population com-
prised 262 patients (Fig. 2).

The median (interquartile range) age of the patients was 73
(71-76) years. Among the 262 patients, 132 were men (50.4%).
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Table 1. Univariable analysis of risk factors for PPCs according to clinicoradiologic profiles

Total (n=262) No PPCs (n=211) PPCs (n=51) p-value
Age (yr) 73 (71-76) 73 (71-76) 73 (71-75) 0.132
Male sex 132 (50.4) 92 (43.6) 40 (78.4) < 0.001
BMI (kg/m?) 23.7 (21.5-25.7) 23.7 (21.8-25.8) 235 (21-25.5) 0.223
Smoking
Current 27 (10.3) 16 (7.6) 11 (21.6) <0.001
Former 89 (34.0) 61 (28.9) 28 (54.9)
Never 146 (55.7) 134 (63.5) 12 (23.5)
ASA classification
<3 212 (81.0) 179 (84.8) 33 (64.7) 0.001
>3 50 (19.0) 32(15.2) 18 (35.3)
Diabetes mellitus 82 (31.3) 64 (30.3) 18 (35.3) 0.493
Hypertension 146 (55.7) 116 (55.0) 30 (58.8) 0.629
Coronary artery disease 26 (9.9) 21 (10.0) 5(9.8) >0.99
Arrhythmia 7(2.7) 6(2.8) 1(2.0) >0.99
Cerebrovascular accident 6(2.3) 4(1.9) 2(3.9) 0.331
Previous cancer history 46 (17.6) 35 (16.6) 11 (21.6) 0.401
Serum hemog]lobin (g/dL) 13 (12.1-14.1) 13 (12-14) 13.6 (12.3-14.2) 0.443
Serum albumin (g/dL) 4.4 (4.2-4.6) 4.4 (4.2-4.6) 43(4.1-4.5) 0.019
Percentage predicted FEV1 (%) 99 (91-108) 100 (90-109) 97 (92-105) 0.136
Percentage predicted DLco (%) 102 (86-117.1) 105 (88-118) 91.5 (74-106) <0.001
Imaging features on preoperative CT
ILA < 0.001
No ILA 186 (71.0) 160 (75.8) 26 (51.0)
Nonfibrotic ILA 53 (20.2); 41 (19.4); 12 (23.5);
nonsubpleural: nonsubpleural: nonsubpleural:
10 (3.8), 7(3.3), 3(5.9),
subpleural subpleural subpleural
nonfibrotic: nonfibrotic: nonfibrotic:
43 (16.4) 34 (16.1) 9(17.6)
Fibrotic ILA 23 (8.8) 10 (4.7) 13 (25.5)
Emphysema 77 (29.4) 50 (23.7) 27 (52.9) <0.001
Superimposed infection 13 (5.0) 8(3.8) 5(9.8) 0.076
Bronchial wall thickening 84 (32.1) 63(29.9) 21 (41.2) 0.12
Bronchiectasis 11 (4.2) 8(3.8) 3(5.9) 0.452
Diameter of MPA (mm) 26 (24-29.3) 26.2 (24-29.6) 25.6 (23.4-28.3) 0.193
Ratio of MPA to AA diameter > 1 0.8 (0.7-0.9) 0.8 (0.7-0.9) 0.8 (0.7-0.8) 0.089

Values are presented as median (interquartile range) or number (%). Significance level of 0.0167 considering Bonferroni’s correction for post
hoc analysis (0.05/3). AA, ascending aorta; ASA, American Society of Anesthesiologists; BMI, body mass index; CT, computed tomography;
DLco, diffusing capacity of the lung for carbon monoxide; FEV1, forced expiratory volume in 1 second; ILA, interstitial lung abnormality;
MPA, main pulmonary artery; PPC, postoperative pulmonary complication.

The numbers of current and former smokers were 27 (10.3%)
and 89 (34%), respectively. Fifty patients (19%) had ASA clas-
sification > 3. Diabetes mellitus (31.3%) and hypertension
(55.7%) were common comorbidities. The median (inter-
quartile range) serum hemoglobin and serum albumin levels
were 13 (12.1-14.1) g/dL and 4.4 (4.2-4.6) g/ dL, respectively.
The median (interquartile range) percentages of predicted
pre-bronchodilator FEV: and DLco were 99% (91%-108%)

and 102% (86%-117.1%), respectively. Bronchial wall thicken-
ing (32.1%), ILAs (29%), and emphysema (29.4%) were com-
mon preoperative CT findings. Among the ILA subtypes,
subpleural nonfibrotic ILAs (16.4%) were the most common,
followed by subpleural fibrotic (8.8%) and nonsubpleural
(3.8%) ILAs. The two radiologists showed substantial inter-
observer agreement (x=0.69; 95% CI, 0.61 to 0.78; p < 0.001)
(Table 1). Adenocarcinoma and squamous cell carcinoma

VOLUME 54 NUMBER3 JULY 2022 747



Cancer Res Treat. 2022;54(3):744-752

Table 2. Univariable analysis of risk factors for PPCs according to tumor and surgery profile

Total (n=262) No PPCs (n=211) PPCs (n=51) p-value
Histology <0.001
Adenocarcinoma 193 (73.7) 170 (80.6) 23 (45.1)
Squamous cell carcinoma 49 (18.7) 27 (12.8) 22 (43.1)
Other 20(7.6) 14 (6.6) 6 (11.8)
T category?
T1 (<3 cm) 143 (54.6) 121 (57.3) 22 (43.2) 0.431
T2a (>3 cm, <4 cm) 63 (24.0) 49 (23.2) 14 (27.5)
T2b (> 4 cm, < 5 cm) 41 (15.6) 30 (14.2) 11 (21.6)
T3 15 (5.7) 11 (5.2) 4(7.8)
N category”
NO 223 (85.1) 184 (87.2) 39 (76.5) 0.053
N1 39 (14.9) 27 (12.8) 12 (23.5)
Overall stage
IA 114 (43.5) 99 (47.0) 15 (29.4) 0.09
B 97 (37.0) 75 (35.5) 22 (43.1)
A 28 (10.7) 19 (9.0) 9(17.7)
1IB 23 (8.8) 18 (8.5) 5(9.8)
Extent of surgery
> Lobectomy 193 (73.7); 146 (69.2); 47 (92.1); 0.001
pneumonectomy/  pneumonectomy/ pneumonectomy /
bilobectomy: bilobectomy: bilobectomy:
12 (4.6), 8(3.8), 4(7.8),
lobectomy: lobectomy: nonfibrotic:
181 (69.1) 138 (65.4) 43 (84.3)
Sublobar resection 69 (26.3) 65 (30.8) 4(7.8)
VATS
Not performed® 90 (34.4) 63(29.9) 27 (52.9) 0.002
Performed 172 (65.6) 148 (70.1) 24 (47.1)
Lymph node dissection 0.023
(a<c)
None (a) 61 (23.3) 56 (26.5) 5(9.8)
Sampling (b) 21 (8.0) 18 (8.5) 3(5.9)
Dissection (c) 180 (68.7) 137 (65.0) 43 (84.3)

Values are presented as number (%). Significance level of 0.0167 considering Bonferroni’s correction for post hoc analysis (0.05/3). PPC, post-

operative pulmonary complication; VATS, video-assisted thoracoscopic surgery. *Clinical staging, ®Open thoracotomy.

accounted for 73.7% and 18.7% of the cases, respectively.
Most patients underwent lobectomy (69.1%) and systematic
lymph node dissection (68.7%). Approximately two-thirds of
all surgeries were video-assisted thoracic surgeries (65.6%)
(Table 2).

A total of 51 patients (19.5%) showed PPCs. Air leak
was the most common (29/51, 56.9%) among all PPCs, fol-
lowed by pneumonia (18/51, 35.3%). Fig. 3 shows the PPCs
in detail. Male sex (p < 0.001), current and former smoking
(p < 0.001), ASA = 3 (p=0.001), lower serum albumin level
(p=0.019), and lower percentage predicted DLco (p < 0.001)
were significantly associated with PPCs in the univariable
analysis. Among the preoperative CT findings, fibrotic ILAs
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(p < 0.001) and emphysema (p < 0.001) were significantly
associated with PPCs. Patients with squamous cell carcino-
ma and other NSCLCs were more likely to have PPCs than
those with adenocarcinoma (p < 0.001). The clinical T and
N categories were not associated with PPCs. Patients with
PPCs were more likely to have undergone lobectomy or more
extensive resection (p=0.001), open thoracotomy (p=0.002),
and systematic lymph node dissection (p < 0.001).

A multivariable logistic regression model revealed that,
among several relevant risk factors, ASA > 3 (adjusted odds
ratio [OR], 2.53; 95% CI, 1.03 to 6.2; p=0.043), fibrotic ILAs
(adjusted OR, 4.84; 95% ClI, 1.35 to 17.38; p=0.016), and lobec-
tomy or more extensive resection (adjusted OR, 10.39; 95%
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resection (adjusted OR, 9.66; 95% CI, 1.01 to 92.42; p=0.049)
were significantly associated with major PPCs (Table 3).
Patients with fibrotic ILAs showed significantly higher 30-
day mortality than those without ILAs and higher 90-day
mortality than those without ILAs or with nonfibrotic ILAs.
The 180-day mortality did not show statistical significance.
NIl An ANOVA was performed for the length of hospital stay
= Nonfibrotic ILA according to ILA subtypes (Table 4). Patients with fibrotic
= Fibrotic ILA ILAs showed significantly longer length of hospital stay than

['] é 1'0 1'5 2'0 2'5 3'0 3'5 those without ILAs (F=5.21, p=0.006) (Table 5, Fig. 4).

No.

Fig. 3. Histogram of postoperative pulmonary complications.

Air leak
Pneumothorax
Atelectasis
Pleural effusion
Pneumonia

ARDS

Respiratory failure
BPF/Empyema

Discussion

Some patients had two or more complications. ARDS, acute res-
piratory distress syndrome; BPE, bronchopleural fistula; ILA,
interstitial lung abnormality. ILAs are incidental radiologic findings in the spectrum of

pulmonary fibrosis [13]. Older age, male sex, and smoking
history are well-known risk factors [16]. Patients with ILAs
CI, 2.77 to 39.04; p=0.001) independently predicted PPCs. may have mild respiratory symptoms and physiologic dys-
Moreover, male sex (adjusted OR, 15.49; 95% CI, 1.19 to function, but not as much as patients with ILD [17]. The dif-
200.97; p=0.036), fibrotic ILAs (adjusted OR, 8.72; 95% CI, ference between ILA and ILD is the presence of clinically sig-
1.71 to 44.38; p=0.009), and lobectomy or more extensive nificant findings and physiologic dysfunction in ILD. Among

Table 3. Multivariable regression analysis of risk factors for overall and major PPC

Overall PPCs Major PPCs
Variable ———————— —————
OR (95% CI) p-value OR (95% CI) p-value

Age 0.97 (0.86-1.09) 0.567 1.09 (0.9-1.33) 0.391
Male sex 1.31 (0.33-5.29) 0.7 15.49 (1.19-200.97) 0.036
Current or former smoking 1.9 (0.45-8) 0.384 0.69 (0.07-6.38) 0.74
ASA >3 2.53 (1.03-6.2) 0.043 0.62 (0.15-2.55) 0.503
Serum albumin (g/dL) 0.56 (0.18-1.76) 0.321 0.62 (0.12-3.14) 0.567
Percentage predicted DLco 0.99 (0.97-1.01) 0.29 0.98 (0.95-1.01) 0.218
ILA

No ILA Reference

Nonfibrotic ILA 1.37 (0.55-3.38) 0.5 0.34 (0.06-1.99) 0.23

Fibrotic ILA 4.84 (1.35-17.38) 0.016 8.72 (1.71-44.38) 0.009

Emphysema 1.13 (0.43-3) 0.805 0.43 (0.09-1.99) 0.278

Nonadenocarcinoma 1.3 (0.54-3.13) 0.552 4.13 (0.92-18.59) 0.064

> Lobectomy 10.39 (2.77-39.04) 0.001 9.66 (1.01-92.42) 0.049

ASA, American Society of Anesthesiologists; CI, confidence interval; DLco, diffusing capacity of the lung for carbon monoxide; ILA, inter-
stitial lung abnormality; OR, odds ratio; PPCs, postoperative pulmonary complications.

Table 4. Mortality at 30, 90, and 180 days according to ILA subtypes

30-Day mortality 90-Day mortality 180-Day mortality

No ILA (a) 0/186 (0) 3/186 (1.6) 0/183 (0)
Nonfibrotic ILA (b) 0/53 (0) 0/53 (0) 2/53 (3.8)
Fibrotic ILA (c) 1/23 (4.3) 2/22(9.1) 0/20 (0)
p-value (a) < (c), p=0.004 (a), (b) < (c), p=0.026 p>0.05

Values are presented as number (%). ILA, interstitial lung abnormality.
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Table 5. Length of hospital stay according to ILA subtypes

No ILA (a) 186 11.23
Nonfibrotic ILA (b) 53 12.57
Fibrotic ILA (c) 23 16.13

Length of hospital stay
F p-value Games-Howell
6.17 5.21 0.006 a<c, p=0.022
9.28
7.94

ILA, interstitial lung abnormality; SD, standard deviation.

30 1
254
20 4
151
10 1

Days

(A/NoILA  (B) Nonfibrotic  (C) Fibrotic
ILA ILA

Mean=SD
Fig. 4. Graph of length of hospital stay according to interstitial

lung abnormality (ILA) subtypes. SD, standard deviation; (A) <
(C), p=0.022.

the subclassifications of ILAs, fibrotic ILAs are particularly
considered an important precursor of idiopathic pulmonary
fibrosis and have several clinical implications [13]. Patients
with fibrotic ILAs show high rates of progression and all-
cause mortality [18,19]. The proportion of fibrotic ILAs in our
study (23/76, 30.3%) was consistent with that in a previous
study in which fibrotic ILAs accounted for 30% of all ILAs in
lung cancer screening participants [18]. Fibrotic ILAs have
prognostic relevance in patients undergoing lung cancer
treatment. Iwasawa et al. [20] used a computer-aided detec-
tion system for detecting ILAs and assessing the percentage
fibrosis extent. They concluded that the percentage fibrosis
extent on preoperative CT was significantly correlated with
not only the presence and severity of ILAs but also lower dis-
ease-free survival. Im et al. [21] reported that the ILA extent
was significantly associated with PPCs. Our study showed
that patients with fibrotic ILAs were more likely to have
both overall PPCs and major PPCs than those without ILAs.
ILD is generally known as a risk factor for PPCs in patients
undergoing lung cancer resection or emergency surgery [22].
As fibrotic ILAs are believed to be a precursor of idiopathic
pulmonary fibrosis, patients with fibrotic ILAs may show a
higher incidence of PPCs. Additionally, it has been reported
that ILAs are associated with fibrosis on pathologic correla-
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tion. Generally, ILAs are correlated with various interstitial
pathologic conditions, including benign interstitial abnor-
malities, smoking-related interstitial fibrosis, and early-stage
idiopathic pulmonary fibrosis [23]. Miller et al. [24] reported
that subpleural ILAs especially show a significant correlation
with subpleural fibrosis and other usual findings related to
interstitial pneumonia on histopathology. This may explain
the prognostic implication of fibrotic ILAs in our study.
When evaluating patients who are planning to undergo lung
cancer surgery, assessment and subclassification of ILAs
detected on preoperative CT are essential because ILAs can
lead to unfavorable clinical outcomes. Modification of risk
factors, such as smoking cessation and active implementa-
tion of pulmonary rehabilitation including physiotherapy,
can help reduce and manage PPCs in patients with ILAs.
The incidence of ILAs in our study was 29%, which is high-
er than that in previous reports [9,20]. The high incidence of
ILAs in our study can be explained by several reasons. First,
we did not include equivocal ILA as a category in this study.
Focal or unilateral ground-glass or reticular abnormalities
were considered equivocal ILAs in previous reports [18,20].
Although prone-position CT is known to be helpful in dif-
ferentiating dependent lung opacity from an ILA, preopera-
tive CT before lung cancer surgery is generally performed in
the supine position; thus, dependent lung opacity may have
been included as an ILA in this study. Despite these limita-
tions, we attempted to identify ILAs based on the existence of
extensive unilateral abnormalities and additional radiologic
findings such as the presence of mild traction bronchiecta-
sis within an ambiguous CT finding. The Fleischner Society
guidelines also suggest that only mild unilateral abnormality
is not considered an ILA. Second, our study population com-
prised elderly patients (age = 70 years). As age is one of the
major risk factors for ILA, this may have contributed to the
higher incidence of ILAs in our study than in other studies.
Operative mortality, including 30- and 90-day mortality,
reflects procedure-related death in patients undergoing
major resections for thoracic malignancies [25]. Operative
mortality is an important concept because it is an indicator of
overall quality control. In general, patients undergoing sur-
gery for lung cancer have a relatively low chance of overcom-
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ing adverse events after surgery because of old age and many
comorbidities. ILD is a risk factor for operative mortality in
patients undergoing NSCLC surgery. Patients with underly-
ing ILD undergoing NSCLC surgery have a poor survival
expectancy [26]. Fibrotic ILAs predicted significantly higher
30- and 90-day mortality than nonfibrotic ILAs and no ILAs.
The 180-day mortality did not show statistical significance,
which can be explained by the fewer numbers of death by
180 days after surgery (8/262).

The length of hospital stay is also a predictor of postopera-
tive recovery. Various patient-related, surgery-related, and
socioeconomic factors are associated with the hospital stay
duration. PPCs are among the representative factors affect-
ing hospital stay [27]. The length of hospital stay is associ-
ated with hospital costs and hospital-acquired complications
[28]. Patients undergoing lung cancer surgery are at a risk
of experiencing adverse events because lung cancer mainly
occurs in older people who have many comorbidities. By
reducing the length of hospital stay after lung cancer surgery,
the accompanying complications can also be reduced. This
study revealed that the hospital stay duration was longer
in patients with fibrotic ILAs than in those without ILAs.
Preoperative fibrotic ILAs on CT may serve as a prognostic
indicator of the length of hospital stay. Providing an enhan-
ced recovery pathway for patients planning to undergo elec-
tive lung cancer surgery could reduce the length of hospital
stay by promoting early discharge [29].

This study had several limitations. First, this was a retro-
spective study based on medical records. Second, this was
a single-center study, which limits the external validation
of the results. Lung distortion as one of the major defini-
tions of fibrotic ILAs in the Fleischner Society guidelines is
ambiguous, which could lead to discordant subclassifica-
tions by different readers. We conducted this study simply
dichotomously with respect to emphysema and ILAs. Now-
adays, quantitative analysis with new techniques is helpful
in disease diagnosis, prognosis prediction, and longitudinal
management of diffuse lung disease [30]. Quantitative analy-
sis of the extent of pulmonary involvement may yield more
meaningful results, and more studies with quantification are

needed. Moreover, ILAs have a variety of imaging features.
Which specific imaging features influence the occurrence of
PPCs need to be identified. In addition, the ILAs in this study
were not pathologically proven. Despite these limitations,
this study proved that fibrotic ILAs are independent predic-
tors of overall PPCs and major PPCs.

In conclusion, fibrotic ILAs on preoperative CT are asso-
ciated with PPCs, higher operative mortality, and longer
length of hospital stay in elderly patients undergoing cura-
tive resection for early-stage lung cancer. Detecting fibrotic
ILAs will allow clinicians to identify in advance patients
with a high risk of developing PPCs, which will enable
enhanced and efficient patient management through inten-
sive postoperative care.
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