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Interstitial Lung Abnormalities at CT: 
Subtypes, Clinical Significance, and 
Associations with Lung Cancer

Interstitial lung abnormality (ILA) is defined as an interstitial change 
detected incidentally on CT images. It is seen in 4%–9% of smok-
ers and 2%–7% of nonsmokers. ILA has a tendency to progress 
with time and is associated with respiratory symptoms, decreased 
exercise capability, reduced pulmonary function, and increased 
mortality. ILAs can be classified into three subcategories: nonsub-
pleural, subpleural nonfibrotic, and subpleural fibrotic. In cases of 
ILA, clinically significant interstitial lung disease should be identi-
fied and requires clinically driven management by a pulmonologist. 
Risk factors for the progression of ILA include clinical elements 
(ie, inhalation exposures, medication use, radiation therapy, tho-
racic surgery, physiologic findings, and gas exchange findings) and 
radiologic elements (ie, basal and peripheral predominance and 
fibrotic findings). It is recommended that individuals with one or 
more clinical or radiologic risk factors for progression of ILA be ac-
tively monitored with pulmonary function testing and CT. To avoid 
overcalling ILA at CT, radiologists must recognize the imaging 
pitfalls, including centrilobular nodularity, dependent abnormality, 
suboptimal inspiration, osteophyte-related lesions, apical cap and 
pleuroparenchymal fibroelastosis–like lesions, aspiration, and infec-
tion. There is a close association between ILA and lung cancer, and 
many studies have reported an increased incidence of lung cancer, 
worse prognoses, and/or increased pulmonary complications in 
relation to cancer treatment in patients with ILA. ILA is consid-
ered to be an important comorbidity in patients with lung cancer. 
Accordingly, all radiologists involved with body CT must have 
sound knowledge of ILAs owing to the high prevalence and poten-
tial clinical significance of these anomalies. An overview of ILAs, 
including a literature review of the associations between ILAs and 
lung cancer, is presented.
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After completing this journal-based SA-CME activity, participants will be able to:
	�Discuss the general concept, findings, and management of ILAs.

	�Describe the evidence of ILA in patients with lung cancer.

	�Explain the clinical importance of ILAs in the management of patients with lung cancer.

See rsna.org/learning-center-rg.

SA-CME LEARNING OBJECTIVES

Introduction
Interstitial lung abnormality (ILA) is a recently emerged concept 
regarding incidental CT findings of subtle interstitial change (1–3). 
Many studies (4–12) have shown that ILAs commonly progress and 
are associated with a worse prognosis. Idiopathic interstitial pneumo-
nia, especially idiopathic pulmonary fibrosis (IPF), is a major concern 
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that affect more than 5% of the cross-sectional 
area of at least one of three lung zones on CT im-
ages (2). Although ILAs previously were regarded 
as insignificant, they should now be included 
in the CT report because of their potential 
clinical significance. ILAs include ground-glass 
abnormality, reticulation, architectural distor-
tion, traction bronchiectasis, honeycombing, and 
nonemphysematous cysts (Fig 1). As shown in 
Figure 2, even relatively subtle findings can affect 
more than 5% of a lung zone. The threshold of 
5% is arbitrary and is used as a rough reference 
standard. Although the findings of ILA can be in 
the dependent area, they are not associated with 
dependent positioning. An ILA can be detected 
in the lung area covered on abdominal or coro-
nary CT images, as well as the lung area covered 
on chest CT images. It is assumed that an ILA 
will not resolve within a short period.

ILA does not imply the absence of symptoms 
or a functional decline. Rather, these abnormali-
ties are defined purely according to CT findings, 
while an ILD is ultimately defined at a multidis-
ciplinary conference that includes assessment of 
symptoms, pulmonary function test results, and 
CT and histopathologic findings. Among the 
patients deemed to have ILA, those who have at 
least one of three criteria—respiratory symptoms 
or physical examination findings possibly attrib-
utable to ILD, decrements in pulmonary function 
or gas exchange possibly attributable to ILD, and 
extensive disease at CT—are considered to have 
potentially clinically significant ILD and should 
be evaluated by clinicians and at a multidisci-
plinary conference and managed separately from 
the remainder of patients with ILA.

Extensive disease seen at CT refers to the find-
ings of ILA that are seen in three or more of six 
zones of the bilateral lungs (above the bottom of 
the aortic arch, between the aortic arch and top 
of the inferior pulmonary vein, and below the in-
ferior pulmonary vein). A portion of patients with 
ILD are diagnosed by way of this pathway (hav-
ing ILA with incidental CT findings), whereas 
many other patients are diagnosed directly at 
clinics because of their respiratory symptoms and 
abnormal pulmonary function test results that 
indicate ILD. Practically speaking, ILA and ILD 
are on the spectrum of fibrotic lung diseases with 
overlapping boundaries (Fig 3) (21).

Abnormalities detected during screening for 
ILD in high-risk groups such as patients with 
connective tissue disease (CTD) are not included 
in the current definition of ILA because they 
are not incidental. However, early detection of 
interstitial lung findings and understanding of 
the evolving process of CTD-ILD are important 
in the management of CTD and the intervention 

at thoracic imaging. Although IPF has been widely 
studied, its origin and pathogenesis are not fully 
understood. Therefore, the relationship between 
ILA and the subsequent development of IPF has 
been discussed in numerous studies (3,6,13,14).

Tobacco smoking is a known risk factor for ILA 
and lung cancer (2,15). The association between 
ILA and lung cancer has been investigated in 
many studies (16–19). For patients with lung 
cancer, complications during treatment are an im-
portant issue, and it is widely accepted that clini-
cally significant interstitial lung disease (ILD) is a 
risk factor for complications and that patients with 
ILD have limited options for treatment of lung 
cancer (20). However, at present, the concept and 
importance of ILA in patients with lung cancer are 
not well known among clinicians.

This article has two main purposes. The first 
purpose is to provide an overview of ILA, includ-
ing its definition and associated imaging pitfalls, 
epidemiologic factors, clinical significance, 
subcategories, and management. The second 
purpose is to present a literature review of the as-
sociation between ILA and lung cancer in terms 
of the incidence of lung cancer, the prognosis for 
patients with ILAs, and the associated complica-
tions that can occur in patients with ILA during 
the treatment for lung cancer.

General Overview of ILA

Definition
Interstitial lung abnormality is defined as the in-
cidental finding of nondependent abnormalities 

TEACHING POINTS
	� Interstitial lung abnormality is defined as the incidental find-
ing of nondependent abnormalities that affect more than 
5% of the cross-sectional area of at least one of three lung 
zones on CT images. Although ILAs previously were regard-
ed as insignificant, they should now be included in the CT 
report because of their potential clinical significance.

	� Several entities are considered to be potential imaging 
pitfalls of ILA. Knowledge of these pitfalls is mandatory for 
distinguishing clinically significant abnormalities from insig-
nificant findings and identifying cases that require further 
clinical workup.

	� ILA often shows progression on images, with reported pro-
gression rates of 20% in 2 years to 73% in 5 years. In addi-
tion, increased respiratory symptoms, reduced exercise capa-
bility, decreased total lung capacity, impaired gas exchange, 
and increased mortality are seen in individuals with ILA.

	� There are three main issues regarding the association be-
tween ILA and lung cancer: risk of lung cancer, prognosis 
of patients with lung cancer, and complications during lung 
cancer treatment.

	� The large percentage of patients with subpleural fibrotic ILA 
have histologic evidence of typical or probable UIP at biopsy.
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especially when inspiration is suboptimal (24). 
The increased attenuation is caused mainly by 
transient lung atelectasis, most commonly at 
the lung bases. The lack of deep inspiration is 
suggested by tortuosity of the vessels, anterior 
bulging of the posterior membranous portion 
of the intrathoracic trachea, and decreased lung 
volume compared with the lung volume at previ-
ous scanning (Fig 5) (24,25). The findings of fi-
brosis, reticulation, and ground-glass abnormal-
ity, all beyond the dependent area, may suggest 
ILA. However, it is often difficult to differentiate 
true ILA from transient lung atelectasis on su-
pine scans alone, and an additional prone scan 
may be required to confirm true ILA (Fig 6).

Osteophyte-related Lesions.—Focal pulmonary 
reticulation and ground-glass abnormality adja-
cent to thoracic spinal osteophytes are commonly 
seen at thoracic CT, especially in older individu-
als (Fig 7) (26). These opacities are typically seen 
in the medial right lower lung lobe, as thoracic 
vertebral osteophytes tend to be more prominent 
on the right side (27). These lesions are believed 
to be caused by mechanical irritation from the 
osteophytes and represent compressive atelecta-
sis or fibrosis (26). They have close contact with 
osteophytes and are usually aligned craniocau-
dally. Such limited abnormalities rarely progress 
and are not considered to be a preclinical form of 
more extensive lung disease. Therefore, localized 
osteophyte-related opacities are excluded from 
the definition of ILA.

in affected patients. The concept of CTD-related 
ILA is proposed by some researchers (22).

Imaging Pitfalls
Several entities are considered to be potential 
imaging pitfalls of ILA (Table 1). Knowledge of 
these pitfalls is mandatory for distinguishing clin-
ically significant abnormalities from insignificant 
findings and identifying cases that require further 
clinical workup. In principle, these findings and 
disease entities are not considered to be ILAs, 
but they are sometimes difficult to distinguish 
from ILAs and may be considered equivocal. 
Comparisons with previous images, additional 
prone scanning, and/or follow-up may be neces-
sary to diagnose equivocal cases.

Centrilobular Nodularity.—Although initial de-
scriptions of ILA included centrilobular nodu-
larity (Fig 4), this is not included in the current 
definition (2). Centrilobular nodularity is a typi-
cal manifestation of smoking-related respiratory 
bronchiolitis, and a previous study (23) showed 
that it is usually nonprogressive. The differential 
diagnosis for centrilobular nodules includes bron-
chiolitis due to infection or aspiration, hypersen-
sitivity pneumonitis, pneumoconiosis (especially 
welder’s lung), diffuse alveolar hemorrhage, and 
lipoid pneumonia.

Dependent Abnormality and Suboptimal 
Inspiration.—Ground-glass abnormalities 
sometimes occur in the dependent lung area, 

Figure 1. CT findings that constitute 
ILAs. Axial images show ground-glass 
abnormality (arrows in A), reticulation 
(arrows in B), traction bronchiectasis 
(arrow in C), nonemphysematous cyst 
(arrowhead in C), and honeycombing 
(arrows in D).
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Figure 2. Various extents of lung abnormality in four patients. Original axial CT images (A, C, E, G) and the same CT 
images with a segmented overlay of ILA (B, D, F, and H) are shown. (A, B) Scans in a 76-year-old woman show subtle 
subpleural ground-glass abnormality that accounts for 2.9% of the lung area, indicating insignificant abnormality.  
(C, D) Scans in an 84-year-old woman show ground-glass and reticular abnormalities that account for 6.7% of the 
lung area, indicating significant abnormality. (E, F) Scans in a 73-year-old woman show faint ground-glass abnormal-
ity that accounts for 10.6% of the lung area, indicating significant abnormality. (G, H) Scans in a 60-year-old woman 
show widespread ground-glass abnormality that affects 26.2% of the lung area, indicating significant abnormality. The 
segmentations shown were performed manually by using 3D Slicer software (Brigham and Women’s Hospital, Harvard 
Medical School, Boston, MA).
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Apical Cap and Pleuroparenchymal Fibro-
elastosis–like Lesions.—Apical cap refers to 
a caplike lesion at the apex of the lung. The 
prevalence of apical cap increases with age, and 
this lesion is believed to be caused by chronic 
ischemia that results in hyaline pleural plaque 

formation or fibrosis pulling down extrapleural 
fat (28). Apical cap is usually seen as homoge-
neous soft-tissue attenuation in the lung apex 
unilaterally or bilaterally.

Pleuroparenchymal fibroelastosis (PPFE) 
is a relatively rare condition characterized by 
pleural and subpleural parenchymal fibrosis and 
elastosis, mainly in the upper lobes. PPFE is 
suggested by pleural thickening or multiple sub-
pleural foci of airspace consolidation, with asso-
ciated subpleural fibrosis located predominantly 
in the bilateral upper lobes (29,30). Volume loss 
in the upper lobes is often seen on CT images.

It is reported that PPFE-like lesions (Fig 8) 
are identified at CT in 30.9% of patients (31). 
In the early stage, it is difficult to distinguish 
PPFE from apical cap radiologically and patho-
logically (32). Apical cap and PPFE-like lesions 
are often detected incidentally but are not in-
cluded in the definition of ILA because they are 
distinct radiologic entities.

Aspiration.—Chronic and recurrent aspira-
tion results in incidental pulmonary findings at 
CT (Fig 9). Risk factors for aspiration in adults 
include structural abnormalities of the phar-
ynx and esophagus, neuromuscular disorders, 
deglutition abnormalities, alcoholism, loss of 
consciousness, and general anesthesia (33). Aspi-
ration lesions show nodularity and the “tree-in-
bud” sign with a lobar or segmental distribution 
on CT images (34). Bronchiectasis can be seen 
if the patient has a chronic course of disease. 
Central plugging of the airways is sometimes 
seen. Posterior segments of the upper lung lobes 
and superior segments of the lower lobes are 
predominantly affected when patients aspirate 
while in the supine position (34). In contrast, in 

Figure 3. Diagram shows the rela-
tionship between ILA and ILD.

Figure 4. Centrilobular nodularity in a 50-year-old 
woman who currently smoked and had a history of 35 
pack-years without respiratory symptoms. Axial CT im-
age shows small nodules (arrows) with centrilobular dis-
tribution in the bilateral lungs.

Table 1: Pitfalls of ILA Depicted at Imaging

Centrilobular nodularity

Dependent abnormality and suboptimal inspiration
Osteophyte-related lesion
Apical cap and PPFE-like lesions
Aspiration

Infection or postinflammatory change
Significant ILDs: pneumonia, CTD-associated 

ILD, vasculitis- or granulomatosis-associated 
ILD, hypersensitivity pneumonitis, occupational 
dust inhalation, sarcoidosis, pulmonary Langer-
hans cell histiocytosis, drug-related pneumonitis
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patients who are standing during imaging, the 
right middle lobe, lingular segment, and bibasilar 
segments are involved (34). These typical find-
ings of aspiration are excluded from ILA.

Gastroesophageal reflux is a known risk fac-
tor for pulmonary fibrosis (35), but its associa-
tion with ILA is unknown. George et al (36) 
reported that hiatus hernia was associated with 
the usual interstitial pneumonia (UIP) pattern 
but not with ILA. Further investigations are 

necessary to clarify whether recurrent aspiration 
correlates with ILA.

Infection and Postinflammatory Change.—Pul-
monary infectious diseases can show resolving 
opacity or persistent scarring at imaging. The 
findings usually are focal or multifocal and often 
are linear. It is sometimes difficult to distinguish 
infectious change and postinflammatory change 
from ILA. In particular, the changes seen with 

Figure 5. Suboptimal inspiration in an 87-year-old woman who underwent CT for evaluation of a lung nodule. 
(A, B) Axial CT images show ground-glass abnormalities (arrowheads) in subpleural and central areas of the 
lung zone. Anterior bulging of the posterior membranous portion of the trachea (arrow in A) and tortuosity of 
the vessels (circle) suggest suboptimal inspiration. (C, D) Follow-up axial CT images show that the ground-glass 
abnormality has disappeared, and the normal round shape of the trachea is seen (arrow in C). Tortuosity of the 
vessels (circle) is no longer seen, and the lung volume, as compared with that in A and B, has improved.

Figure 6. Dependent abnormality in a 72-year-old man with rheumatoid arthritis. (A) Axial CT image obtained 
with the patient supine shows ground-glass abnormality (arrowheads) in the subpleural lung area. (B) On the 
axial CT image obtained with the patient prone, the ground-glass abnormality has disappeared in the subpleural 
area but is seen in the middle lobe of the right lung (arrowhead). These findings are considered to indicate tran-
sient lung atelectasis.
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bronchiectasis are challenging to differentiate 
from those seen with traction bronchiectasis 
in ILA. Chronic airway inflammation such as 
nontuberculous mycobacteria shows bronchi-
ectasis, nodules, consolidation, and scarring 
and/or volume loss (Fig 10) (37). Centrilobular 
nodules, bronchial wall thickening, and mucous 
plugging are usually accompanied by infectious 
chronic airway inflammation (38). In patients 
with findings such as these, which suggest infec-
tion, bronchiectasis is considered to be excluded 
from ILA.

Recently, Han et al (39) reported that fibrotic 
ILA was seen at 1-year follow-up CT after severe 
COVID-19–related pneumonia. Strictly speak-
ing, the term interstitial lung abnormality may be 
used to refer to the incidental CT findings (2,3). 
However, the framework of ILA appears to be 
suited for the analysis of CT scans after CO-
VID-19–related pneumonia. We believe that ILA-
like findings after SARS-CoV-2 infection seen 
on follow-up CT scans may be best described as 
post–COVID-19 lung abnormalities.

Epidemiologic Factors
Among older (>60 years of age) individuals, 
the prevalence of ILA has been reported to be 
4%–9% in persons who smoke and 2%–7% in 
those who do not smoke (3–10). Risk factors for 
ILA include increasing age, inhalational expo-
sures (eg, tobacco, vapors, gases, dust, fumes, and 
traffic-related air pollution), and genetic factors 
(3,5,7,8,10,40,41). A common promoter poly-
morphism (rs35705950) in MUC5B, the gene 

Figure 7. Osteophyte-related lesion in a 72-year-
old woman with no respiratory symptoms. (A) Axial 
CT image shows ground-glass abnormality adjacent 
to an osteophyte (arrow). (B) Coronal CT image 
shows the craniocaudal alignment (arrows) of the 
abnormality.

Figure 8. PPFE-like lesion in a 73-year-old woman. 
Axial CT image shows subpleural soft-tissue attenuation 
with irregular borders (arrows) in the upper lungs. There 
was no interval change in this abnormality at follow-up.

Figure 9. Aspiration in a 64-year-old man with corti-
cobasal degeneration. (A) Axial CT image shows cen-
tral airway plugging (arrows) and centrilobular nodu-
larity (arrowheads) bilaterally in the lower lung lobes.  
(B) Axial CT image at the level of the lung base shows 
ground-glass abnormality (arrowheads) in the subpleu-
ral area and peripheral centrilobular nodules (arrow).
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that encodes mucin 5B, is associated with the 
presence of ILA and ILA progression (7,9). The 
MUC5B gene is associated with IPF, suggesting 
that ILA may involve the common process of fi-
brosis with IPF. Male sex is an equivocal risk fac-
tor, as an association between male sex and ILA 
prevalence has been reported in some (10,42) 
but not all studies.

Clinical Significance
The clinical significance of ILA has been investi-
gated in many studies. ILA often shows progres-
sion on images, with reported progression rates of 
20% in 2 years to 73% in 5 years (8,9,23,43). In 
addition, increased respiratory symptoms, reduced 
exercise capability, decreased total lung capacity, 
impaired gas exchange, and increased mortality 
are seen in individuals with ILA (5,7,10,11,43).

ILA Subcategories
In the 2020 position paper by the Fleischner 
Society (2), ILA subcategories (nonsubpleural, 
subpleural nonfibrotic, and subpleural fibrotic 
ILA) are proposed according to the distribution 

of ILA and the presence of fibrosis (Fig 11) (2). 
Fibrosis refers to architectural distortion with 
traction bronchiectasis and/or honeycombing. 
This proposed subcategorization is based on a 
study in which the imaging patterns of ILA and 
the associated prognoses were investigated (23). 
Subpleural ILA was correlated with greater likeli-
hood of progression. Compared with the findings 
in individuals without ILA, the fibrosis in individ-
uals with ILA correlated with increased mortality. 
The differential diagnosis and imaging pitfalls of 
nonsubpleural ILA include aspiration and infec-
tion, those of subpleural nonfibrotic ILA include 
dependent abnormality, and those of subpleural 
fibrotic ILA include apical cap and PPFE-like 
lesions and osteophyte-related lesions.

Recommended CT Protocol
Chest CT with a thin section thickness and 
a high-spatial-frequency algorithm is recom-
mended for the detailed evaluation of ILAs. An 
additional prone CT scan is helpful for differ-
entiating dependent lung atelectasis from ILA. 
Expiratory CT is not necessary for the evaluation 

Figure 10. Mycobacterium intracellulare infection (non-ILA) in a 72-year-old woman. (A, B) Axial CT images show linear opacity and 
ground-glass abnormality (arrowheads) in the subpleural area of the upper lung lobes. (C) Axial CT image at a lower level shows 
bronchiectasis and reticulation (straight arrows) in the middle lobe and lingula and centrilobular nodularity (curved arrows) in the left 
lower lobe. These findings are typical of nontuberculous mycobacterial pulmonary disease, suggesting that the abnormalities at the 
upper level are related to infection or postinfection change. The findings in this patient were not considered to indicate ILA.

Figure 11. Subcategories of ILA seen on axial CT images. (A) Nonsubpleural ILA: faint ground-glass abnormality (arrows) in the 
central and subpleural areas of the lungs but not predominant in the subpleural area. (B) Subpleural nonfibrotic ILA: ground-glass 
abnormality (arrows) without fibrosis such as bronchiectasis and architectural distortion. (C) Subpleural fibrotic ILA: ground-glass 
abnormality and linear opacities (arrows), with traction bronchiectasis (arrowheads).
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of ILA. Ultra-low-dose CT with use of iterative 
reconstruction is not recommended because the 
interstitial findings might be obscured.

Management
The following plan for the management of ILA 
was proposed by the Fleischner Society (2): After 
the identification of individuals with clinically sig-
nificant ILD, those with ILA are divided into high- 
and low-risk groups. The individuals with one or 
more risk factors (Table 2) are categorized as hav-
ing high risk of ILA progression, and all others are 
assigned to the low-risk group. Individuals in both 
risk groups are advised to reduce their risk factors 
such as cigarette smoking. The high-risk group is 
advised to undergo active monitoring, including 
pulmonary function testing in 3–12 months and 
CT in 12–24 months. The low-risk group is ad-
vised to undergo reassessment when they demon-
strate symptoms or other evidence of ILD progres-
sion. Radiologists should identify ILA, compare 
the findings with those on previously obtained CT 
scans, classify ILA into subcategories, and recom-
mend clinical evaluation of ILDs to physicians. 
The concept of ILA is relatively new and evolving. 
Thus, ILA terminology, classifications, and man-
agement may be updated in the future.

Association between ILA and Lung 
Cancer

ILA and lung cancer commonly coexist, particu-
larly in persons who smoke. There are three main 
issues regarding the association between ILA and 
lung cancer: risk of lung cancer, prognosis of pa-
tients with lung cancer, and complications during 
lung cancer treatment.

Risk of Lung Cancer
The increased incidence of lung cancer among pa-
tients with IPF is well known (44). Similarly, ILA 
has been reported as a risk factor for lung cancer. 
The relationship between ILA and lung cancer has 
been investigated in lung cancer screening cohorts 
(16–18). Among 25 041 participants in the Na-
tional Lung Cancer Trial, the prevalence of lung 
cancer was 2.4% (121 of 5053 persons) in the ILA 
group and 1.5% (304 of 19 988) in the non-ILA 
group (17). Analysis adjusted according to the 
presence of radiographic emphysema indicated 
a higher lung cancer incidence in the ILA group 
(incidence ratio, 1.33 [95% CI: 1.07, 1.65]).

Risk of lung cancer was also evaluated in the 
AGES (Age, Gene/Environment Susceptibility)-
Reykjavik study (16), which involved a popula-
tion-based cohort. The participants with fibrosis 
in the study were at greater risk of having lung 
cancer than the participants who did not have 
fibrosis, although both groups were at risk (with 

fibrosis: hazard ratio [HR], 3.95 [95% CI: 2.07, 
7.57] [P < .001]; without fibrosis: HR, 2.26 
[95% CI: 1.29, 3.96] [P = .004]). In terms of 
having a cancer diagnosis other than lung can-
cer, there was no significant difference between 
the participants with and those without ILA.

Lung Cancer Prognosis
The lung cancer mortality associated with ILA 
has been assessed in several studies. Earlier 
cited cohort studies (16,17) showed an as-
sociation between ILA and increased mortal-
ity (National Lung Screening Trial: HR, 1.82 
[95% CI: 1.37, 2.42]; AGES-Reykjavik study: 
HR, 1.47 [95% CI: 1.12, 1.94]) (P = .005). 
In addition, an association between ILA and 
higher mortality has been reported in patients 
with early-stage lung cancer and those with 
advanced-stage lung cancer (with stage I: HR, 
2.88 [P = .005]; with stage IV: HR, 2.09 [P = 
.004]) (45,46). Iwasawa et al (47) reported that 
the existence of ILA was a predictor of poorer 
disease-free survival in patients with stage I or 
II lung cancer (HR, 3.3 [95% CI: 1.8, 6.2]; P = 
.001), suggesting that patients who have lung 
cancer with ILA have an increased risk of early 
death owing to lung cancer. Furthermore, Cho 
et al (48) reported an association between ILA 
and larger tumor size (P = .04 at linear regres-
sion analysis) and advanced cancer staging in 
patients with early-stage non–small cell lung 
cancer (stage I or II: odds ratio, 1.81 [95% CI: 
1.10, 2.96]; P = .02).

Complications Related to Lung Cancer 
Treatment
The treatment options for lung cancer include sur-
gery, radiation therapy, cytotoxic chemotherapy, 

Table 2: Risk Factors for Progression of ILA

Clinical risk factors

 Inhalational exposures (eg, cigarette, air pollu-
tion, occupational exposures)

 Medications (eg, chemotherapy, ICIs)
 Radiation therapy
 Thoracic surgery
 Physiologic or gas exchange findings at lower 

limits of normal
Radiologic risk factors
 Basal and peripheral predominance (subpleural 

predominance)
 Fibrotic findings (architectural distortion with 

traction bronchiectasis or honeycombing)

Note.—Adapted and reprinted, with permission, 
from reference 2. ICIs = immune checkpoint 
inhibitors.
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molecularly targeted drugs, and immune check-
point inhibitors (ICIs). Complications are not 
uncommon with lung cancer treatment, especially 
in patients with ILD. In addition, an increased 
prevalence of treatment-related complications 
in patients with ILA has been reported. Further 
investigation is necessary, because the criteria for 
ILA might not be unified among these studies; 
however, ILA is considered an important comor-
bidity in individuals who have lung cancer. Clini-
cians should carefully discuss with patients the 
benefits of cancer therapy and the increased risk of 
complications, although there is no clear evidence 
or guidelines regarding how to manage patients 
who have ILA and lung cancer.

Postoperative Complications.—Postoperative 
pulmonary complications after lung cancer 
surgery are common and include pneumonia 
and acute respiratory distress syndrome (Fig 
12). These complications are the major causes 
of perioperative morbidity and mortality and 
occur in 14%–40% of patients after lung resec-
tion (49,50). Poor performance status, under-
lying comorbidities, and impaired lung func-
tion due to old age are considered to be poor 
prognostic factors for postoperative pulmonary 
complications (51). In a study in which patients 
older than 70 years who had lung cancer with 

preserved lung function were evaluated (51), 
ILA was reported as an independent risk factor 
(odds ratio, 1.91; P = .003) for postoperative 
pulmonary complications in 488 patients with 
stage I or II non–small cell lung cancer. When 
the analysis was limited to patients with severe 
postoperative pulmonary complications (ie, 
pneumonia, acute respiratory distress syndrome, 
and respiratory failure), the presence of ILA re-
mained a significant risk factor (odds ratio, 1.09; 
P = .002). These results suggest that ILA could 
be an important determinant that increases the 
incidence of postoperative pulmonary complica-
tions in elderly patients.

Radiation Pneumonitis.—Radiation pneumoni-
tis (RP) is a major complication during radiation 
therapy in patients with lung cancer (Fig 13). 
An organizing pneumonia pattern is the most 
common imaging pattern of symptomatic RP 
in patients with lung cancer (52). RP is gener-
ally graded according to common terminology 
criteria for adverse events, as follows: Grade 1 
RP is asymptomatic and based on clinical or 
diagnostic observations only; intervention is not 
indicated. Grade 2 RP is symptomatic, with af-
fected patients having limited ability to perform 
instrumental activities of daily living; medical 
intervention is indicated. Grade 3 RP is associated 

Figure 12. Postoperative complications in a 66-year-old man with squamous cell cancer. (A, B) Axial 
preoperative CT images show a mass (arrow in A) in the right upper lobe of the lung. Subtle ground-glass 
abnormality (arrowheads), indicating ILA, is seen in the subpleural area. (C, D) Axial postoperative CT 
images show diffuse ground-glass abnormality and consolidation (arrows) with traction bronchiectasis 
(arrowhead in C). Pleural effusion (arrowheads in D) also is seen. The patient was clinically diagnosed to 
have pneumonia and acute respiratory distress syndrome.
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with severe symptoms that limit self-care activities 
of daily living; supplemental oxygen is indicated. 
Grade 4 RP involves life-threatening respira-
tory compromise, with urgent intervention (eg, 
tracheotomy or intubation) indicated. Grade 
5 RP leads to death (53). It is well known that 
clinically significant ILD is associated with RP 
(54). The correlation between ILA and RP has 
been investigated in several studies (55–58) but 
remains unclear.

Li et al (55) evaluated 95 patients with small 
cell lung cancer who were treated with greater 
than or equal to 50 Gy of thoracic radiation 
therapy. The cumulative prevalence of grade 2 or 

higher RP at 1 year was 50.0% (95% CI: 18.1%, 
75.3%) for the group with ILA and 23.3% (95% 
CI: 13.1%, 31.9%) for the group without ILA  
(P = .017) (55). On the other hand, Higo et al 
(56) reported that ILA was not a risk factor for 
RP (odds ratio, 1.86 [95% CI: 0.48, 7.20]; P = 
.37) at multivariate analysis of data on 77 pa-
tients who underwent chemoradiotherapy with 
30–60 Gy for locally advanced lung cancer.

Study populations and radiation techniques 
vary among studies. Kashihara et al (58) noted 
that the definition of significant RP at evalua-
tion of the association between ILA and RP was 
itself controversial. In the common terminology 
criteria for adverse events, an RP grade of 2 or 
higher is generally considered to be significant. 
However, this broad definition includes entities 
that range from mild disorders requiring cough 
medicine to moderate diseases requiring ste-
roids. Moreover, the extent of ILA was not fully 
considered. These results might also have been 
affected by the regional extent or fibrosis sever-
ity of ILA. Further investigations are necessary 
to clarify whether ILA is associated with the 
incidence of RP.

ICI–related Pneumonitis.—Anti–programmed 
cell death protein 1 (PD-1) antibodies are ICIs 
that are used for the treatment of various ad-
vanced cancers (59,60). ICIs are associated with 
immune-related adverse events, and using them 
sometimes results in lung toxicities referred to 
as ICI-related pneumonitis (Fig 14) (61–63). 
The prevalence of ICI-related pneumonitis was 
reported to be 4.1% in patients with lung can-
cer treated in the PD-1 inhibitor trials (64). A 
significant correlation between anti–PD-1–related 
pneumonitis risk and preexisting pulmonary fi-
brosis has been reported (65). A distinction needs 
to be made between the baseline preexisting ILD 
and drug-related pneumonitis. In addition, it 
should be noted that acute exacerbations of the 
preexisting ILD during lung cancer treatment 
also are different from drug-related pneumonitis.

 In terms of ILA, Nakanishi et al (66) exam-
ined 83 patients with non–small cell lung cancer 
who were treated with anti–PD-1 antibodies. 
They reported that the prevalence of ICI-related 
pneumonitis was significantly higher in patients 
with preexisting ILA than in those without it 
(six of 14 [42.9%] patients with ILA vs seven 
of 69 [10.1%] patients without ILA; P = .007) 
and that ground-glass attenuation in ILA was a 
significant risk factor for ICI-related pneumoni-
tis (odds ratio, 44.0; P < .001). In their cohort, 
nine patients with ICI-related pneumonitis were 
treated with steroid therapy, but three of these 
patients died. The same group (67) also reported 

Figure 13. RP in a 64-year-old man with squamous 
cell cancer. (A, B) Axial pretreatment CT images show a 
nodule (arrow in A) in the right upper lobe and ground-
glass abnormality (arrowheads) in the subpleural area, 
suggesting ILA. (C) Axial CT image after radiation ther-
apy shows ground-glass abnormality and consolidation 
(arrows) in the right lung, beyond the irradiated field. 
The patient required steroid therapy for RP.
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an association between ILA and ICI-related 
pneumonitis in patients with nonlung cancers.

Other Treatment-related Complications.—Cy-
totoxic chemotherapy and targeted drug therapy 
are major treatment options for patients with lung 
cancer, but it is well known that both of these 
therapies can cause exacerbation of ILD or drug-
related pneumonitis (Fig 15). In the 2020 position 
paper published by the Fleischner Society (2), it is 
recommended that great care be taken when using 
these drugs in patients with ILA. Thus, patients 
with ILA have a worse prognosis than those who 
do not have it. In the Fleischner Society position 
paper (2), it is recommended that active monitor-
ing for symptoms, physiologic alterations, and 
imaging-depicted progression of drug-related 
pneumonitis be considered.

Speculated Causes of ILA
The reason for the associations between higher 
incidence of lung cancer, increased mortality, and 
higher risk of lung injury in patients with ILA 
is not fully understood. ILA is not uniform and 
includes several histologic patterns, such as UIP, 
smoking-related interstitial fibrosis, and nonspe-
cific interstitial pneumonia (68). A study of the 

radiologic–histopathologic correlation of ILA 
(69) revealed that the large percentage of pa-
tients with subpleural fibrotic ILA have histologic 
evidence of typical or probable UIP at biopsy. 
In that study (69), 69% (25 of 36) of subpleural 
fibrotic ILAs had histologically typical or prob-
able UIP patterns, whereas 11% (one of nine) of 
subpleural nonfibrotic ILAs had these patterns.

In IPF, chronic damage of the alveolar epithe-
lium is driven by pathogenic events common to 
cancer, including epigenetic and genetic disor-
ders, abnormal response to regulatory signals, 
and activation of specific signaling pathways (70). 
Although ILA includes a variety of histopatho-
logic lung injuries, subpleural fibrotic ILA may 
have a cause in common with IPF.

It has been reported that ILA is associated 
with decreased telomere length (71). Telomeres 
consist of long repetitive nucleotide sequences, 
and their function is to cap the ends of chro-
mosomes and protect chromosomes from loss 
of genetic information (72). Progressive telo-
mere shortening leads to insufficient telomeric 
caps and chromosomal instability, which can 
increase the rate of mutation of oncogenes and 
tumor suppressor genes. It has been reported 
that telomere shortening is associated with 

Figure 14. ICI-related pneumonitis in a 62-year-old man with squamous cell cancer. The patient was 
treated with nivolumab as the sixth line of therapy. (A) Axial pretreatment CT image shows subtle 
ground-glass abnormality (arrowheads) in the subpleural area, indicating ILA. Right hilar lymphadenopa-
thy (arrows) also is apparent. (B) Axial CT image 10 months later shows a mass (arrow) in the right 
lung and pleural effusion, suggesting tumor exacerbation. (C) Axial CT image 20 days after the patient 
started nivolumab therapy shows a newly emergent patchy ground-glass abnormality and consolidation 
(arrowheads), representing ICI-related pneumonitis with an organizing pneumonia pattern; nivolumab 
was discontinued. (D) Axial CT image 3 months after the discontinuation of nivolumab shows that the 
patchy opacities have disappeared.
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higher cancer risk during aging and chronic 
illness and with familial and sporadic IPF 
(70,73,74). Thus, telomere shortening may be a 
cause of the association between ILA and lung 
cancer. Further etiologic research is necessary 
to better understand and prevent ILA progres-
sion and tumorigenesis.

Conclusion
ILA is an incidental CT finding with potentially 
clinical significance. ILA is classified into three 
subcategories: nonsubpleural, subpleural nonfi-
brotic, and subpleural fibrotic. Potentially clini-
cally significant ILD should be identified in indi-
viduals with ILA. Risk factors for the progression 
of ILA include clinical elements (inhalational 
exposures, medication use, radiation therapy, 
thoracic surgery, physiologic findings, and gas 
exchange findings) and radiologic elements (basal 
and peripheral predominance and fibrotic find-
ings). Subpleural fibrotic ILA is associated with a 
high incidence of histologic UIP. In addition, ILA 
is closely linked to lung cancer incidence, poor 
prognoses, and complications related to lung 
cancer treatment. Radiologists have the impor-
tant roles of identifying ILA and recommend-
ing further workup. Recognition of this concept 
and knowledge of the imaging pitfalls of ILA are 
mandatory for radiologists.
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