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ABSTRACT
Immunotherapy has revolutionized the treatment landscape of non-small cell lung cancer (NSCLC), 
significantly improving survival outcomes and offering renewed hope to patients. However, the presence 
of interstitial lung abnormalities (ILAs) in patients with NSCLC presents unique challenges, especially due 
to the elevated risk of immune checkpoint inhibitor (ICI)-related pneumonitis, which can result in 
treatment interruptions and adversely affect prognosis. ILAs, often detected incidentally on computed 
tomography imaging, are associated with an increased risk of progression to interstitial lung disease and 
have been identified as a potential predictor of poor clinical outcomes in patients with NSCLC receiving 
immunotherapy. This review offers an overview of the current understanding of the interaction between 
ILAs and ICI therapy, discussing prevalence, radiological features, risk stratification, and management 
strategies. Additionally, it highlights the need for prospective, multicenter studies to establish optimal 
treatment modalities for patients with NSCLC having ILAs, to ensure safer and more effective 
immunotherapy.
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Introduction

Clinical impact of ICIs in NSCLC

Lung cancer, a prevalent malignancy, characterized by high 
incidence and mortality rates,1 is histologically classified into 
two main subtypes: non-small cell lung cancer (NSCLC, 85% 
of cases), and small cell lung cancer (15%).2 Recent treatment 
advances, particularly immune checkpoint inhibitors (ICIs) 
have reduced NSCLC mortality rates.3,4 ICIs target immune 
checkpoint molecules such as cytotoxic T-lymphocyte antigen 
4 (CTLA-4) and programmed cell death 1 (PD-1), blocking 
inhibitory signals and reactivating T cells, to bolster the anti
tumor immune response.5,6 A Phase III clinical trial demon
strated that pembrolizumab monotherapy significantly 
improved overall survival (OS) in patients with stage IV 
NSCLC exhibiting a tumor proportion score of ≥ 50% com
pared to platinum-based chemotherapy.7 Moreover, combina
tions of PD-1/programmed cell death ligand 1 (PD-L1) 
inhibitors or CTLA-4 inhibitors with platinum-based che
motherapy have shown substantial OS improvement regard
less of PD-L1 expression.8,9 Consequently, ICIs have emerged 
as key agents in NSCLC management.

Immune-related adverse events: focus on pneumonitis

Despite their therapeutic efficacy, ICIs are associated with 
immune-related adverse events that can resemble autoimmune 

disorders and affect multiple organs.10 Pneumonitis represents 
one of the most severe adverse events, accounting for approxi
mately 35% of ICI-related fatalities.11 Clinical trials have 
reported an incidence of ICI-related pneumonitis (ICI-P) ran
ging from 3–5%, whereas real-world data suggest an incidence 
of 14.5–19%.12,13 Furthermore, mortality rates among patients 
treated for ICI-P fluctuate between 12–33%.14,15 These find
ings underscore the gravity of ICI-P and accentuate the need to 
identify its risk factors. Risk factors for ICI-P encompass ICI 
type, combination immunotherapy, primary tumor site, prior 
radiotherapy, and preexisting lung disease.16,17 Notably, inter
stitial lung disease (ILD) and interstitial lung abnormalities 
(ILAs) detected on pre-treatment computed tomography (CT) 
scans have been acknowledged as significant risk factors for 
ICI-P.16

Emerging importance of ILAs in ICI therapy

ILAs refer to interstitial alterations detected incidentally on CT 
scans in asymptomatic patients. ILAs are associated with an 
elevated risk of progression to ILD and are considered poten
tial early indicators for ILD development.18–20 Recent studies 
have illustrated that preexisting lung diseases, particularly 
ILAs, heighten the risk of pneumonitis linked with ICIs ther
apy. Understanding this interaction is imperative for devising 
effective treatment strategies.This review consolidates the lat
est findings on the interaction between ICIs and ILAs in 
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NSCLC, accentuating their clinical significance and future 
directions. By integrating advancements in oncology with the 
management of pulmonary diseases, this review aims to pro
vide clinicians and researchers with a comprehensive resource 
to enhance the safety and efficacy of ICI therapy.

Literature selection

This narrative review is based on a non-systematic search of the 
literature conducted using PubMed and Google Scholar. We 
focused on English-language articles published between 
January 2015 and March 2025 that addressed the relationship 
between ILAs and ICIs in NSCLC. The year 2015 was selected as 
the starting point because ICIs were first approved for NSCLC 
around that time – for example, the Food and Drug 
Administration approved nivolumab in 2015 following clinical 
trials that demonstrated improved survival outcomes. Thus, stu
dies published from 2015 onward are more likely to reflect the 
current treatment landscape and real-world clinical experience 
with ICIs. Search terms included combinations of “interstitial 
lung abnormalities,” “immune checkpoint inhibitors,” “non- 
small cell lung cancer,” and “pneumonitis.” Articles were selected 
based on their relevance, novelty, clinical significance, and con
tribution to the understanding of ILAs and ICIs. Reference lists of 
key publications were also reviewed to identify additional perti
nent studies.

Prevalence and characteristics of ILAs in NSCLC

Epidemiology of ILAs in the general and NSCLC 
populations

Population-based cohort studies have reported ILAs preva
lence of 4–9% and 2–7% among smoker and nonsmokers, 
respectively.18 Conversely, the prevalence of ILAs in patients 
with NSCLC ranges from 6.0%–37.8%, which is higher than 

that seen in the general population21–32 (Table 1). This 
increased prevalence is believed to be influenced by common 
risk factors such as smoking history, male sex, and 
advanced age.

Radiologic features and classification of ILAs

Radiologically, ILAs are characterized by the following find
ings: ground-glass opacities (GGO), reticular abnormalities, 
architectural distortion, traction bronchiectasis, honeycomb
ing, and non-emphysematous cysts.18 The Fleischner Society 
classifies ILAs into three subtypes18: 

● Non-subpleural ILAs (NS-ILAs): Findings that do not 
primarily involve the subpleural regions.

● Subpleural, non-fibrotic ILAs (SNF-ILAs): Changes pre
dominantly located in the subpleural areas without signs 
of fibrosis.

● Subpleural, fibrotic ILAs (SF-ILAs): Findings predomi
nantly in the subpleural regions accompanied by radi
ological features indicative of pulmonary fibrosis.

Note: Pulmonary fibrosis is defined by architectural distortion, 
including features such as traction bronchiectasis and/or 
honeycombing.

These subtypes can be broadly categorized into non-SF- 
ILAs and SF-ILAs groups, each with distinct clinical 
implications33,34 (Figure 1). SF-ILAs are associated with 
higher risks of disease progression and mortality than non- 
SF-ILAs.

Subtype-specific prevalence in NSCLC patients

Regarding the prevalence of ILAs in patients with NSCLC, 
Petranovic et al. reported that 16.4% of 475 patients had 

Table 1. A comprehensive review of interstitial lung abnormalities as a risk factor for immune-checkpoint inhibitors-related pneumonitis and outcomes in non-small 
cell lung cancer.

Number
Number of Patiets 

with NSCLC
Frequency of 

ILAs (%)
Frequency of 

ICI-P (%) Risk Factors for ICI-P Outcomes
Reference 
Number

1 112 18.7 44.6 Smoking history ICI-P and OS: No correlation (HR: 0.91) 21
2 83 15.6 16.9 GGO Not specified 22
3 264 21.6 12.1 None Not specified 23
4 402 14.4 8.5 ILAs, chest radiation Severe vs. Mild ICI-P: Worse OS 

(not reached vs. 9.5 months, respectively; p = .001)
24

5 175 36.5 41.0 ILAs, SF-ILAs, radiotherapy 
method, V20

SF-ILAs: Associated with worse OS (p = .02) 25

6 475 16.4 9.1 ILAs, chest radiation Not specified 26
7 207 6.0 4.2 ILAs, reduced total lung 

capacity
ICI-P and non-ICI-P group: 

No significant difference in OS (18.7 vs. 11.8 months, 
respectively; p = .332)

27

8 71 35.0 Not specified Not specified Pretreatment ILAs: Correlated with partial radiological 
resolution (OR: 4.8, p = .05)

28

9 148 37.8 33.8 ILAs, V20 ≥ 22.4, GGO Not specified 29
10 94 25.0 17.9 Extent of GGO ILA and non-ILA groups: 

No significant difference in PFS (p = .054)
30

11 481 16.4 31.6 SF-ILAs SF-ILAs and non-SF-ILAs group: 
No significant difference in OS (24.0 vs. 15.7 months, 
respectively; p = .193)

31

12 113 15.0 17.7 Not specified ILA Score (0 vs. 1): 
The latter score was correlated with worse OS 
(HR: 5.649, p < .001)

32

NSCLC, non-small cell lung cancer; ILAs, interstitial lung abnormalities; ICI-P, immune checkpoint inhibitor related pneumonitis; OS, overall survival; GGO, Ground-glass 
opacity; SF-ILAs, subpleural fibrotic interstitial lung abnormalities; OR, odds ratio; HR, hazard ratio; V20, the percentage of total lung volume irradiated with ≥20 Gy; 
PFS, progression free survival.
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ILAs.26 The distribution of ILA subtypes was as follows: 10.3% 
NS-ILAs, 60.3% SNF-ILAs, and 29.5% SF-ILAs. In another 
study, ILAs were identified in 36.5% of 105 patients, with 
7.8% having NS-ILAs, 43.7% SNF-ILAs, and 48.4% SF- 
ILAs.25 These findings suggest variability in the prevalence of 
ILA subtypes among NSCLC patients. Similar heterogeneity 
has also been reported in population-based cohort studies 
using health screening data.35–37 This may be attributed to 
the reliance on visual assessment for ILA classification, as 
well as differences in inter-observer interpretation and popu
lation characteristics, such as smoking history, age distribu
tion, and comorbidities. The establishment of objective and 
reproducible diagnostic criteria is warranted for a more precise 
evaluation of subtype-specific prevalence and clinical signifi
cance in patients with lung cancer.

ICI-P in patients with NSCLC and ILAs

Risk of developing ICI-P

ICI-P poses a critical concern for patients with NSCLC and 
ILAs. Several studies have indicated that such patients possess 
a significantly higher risk of developing ICI-P compared to 
their counterparts without ILAs20,22,24–27,29 (Table 1). A study 
encompassing 83 patients with advanced NSCLC reported an 
ICI-P incidence of 16.9% (14/83), with a significantly higher 
rate observed in the ILAs-positive cohort compared to the 
ILAs-negative cohort (p = .007); univariate logistic regression 
analysis identified ILAs as an independent risk factor for ICI-P 
(odds ratio [OR]: 6.643, 95% confidence interval [CI]: 
1.782–24.761, p = .005).22 Similar trends have been observed 
in patients with locally advanced NSCLC. A study involving 
148 patients with NSCLC treated with durvalumab revealed 
that the prevalence of pre-treatment ILAs was 37.8%, with 
63.5% of these patients developing ILD, including radiation 
pneumonitis or ICI-P. Multivariate logistic regression analysis 
identified ILAs as an independent risk factor for grade ≥ 2 ILD 
(OR: 3.70, 95% CI: 1.69–7.72, p = .001).29 A larger study invol
ving 471 patients (including 402 NSCLC cases) demonstrated 

that even after accounting for prior chest radiotherapy, preex
isting ILAs remained an independent risk factor for ICI-P 
(hazard ratio [HR]: 9.77, 95% CI: 5.17–18.46, p < .001).24

Limitations of current evidence

However, a study has reported no significant difference in the 
incidence of ICI-P between patients with and without ILAs. 
Horiuchi et al. analyzed 209 patients, including 112 with 
NSCLC; no statistically significant association was found 
between preexisting ILAs and ICI-P.21 Seok et al.20 integrated 
data from four studies in their meta-analysis; they reported that 
cancer patients with ILAs had a substantially higher risk of ICI-P 
compared to those without ILAs (relative risk [RR]: 3.05, 95% 
CI: 1.37–6.77). Nonetheless, high heterogeneity among the 
included studies (I2 = 83%) was noted as a limitation.20 The 
discrepancies among these studies could be ascribed to varia
tions in study design, sample sizes, inconsistencies in definitions 
and classifications of ILAs, and the influence of confounding 
factors such as smoking history, prior radiotherapy, and baseline 
pulmonary function. Additionally, variations in patient charac
teristics, including cancer type, stage, and concomitant thera
pies, may also contribute to these differences. To establish 
a clearer understanding of the association between ILAs and 
ICI-P risk, future research should prioritize standardizing ILAs 
definitions and conducting well-designed prospective studies 
with comprehensive adjustments for potential confounders.

GGO as radiological predictors of ICI-P

ILAs serve as critical radiological markers for assessing the risk 
and severity of ICI-P in patients with NSCLC. GGO is the most 
frequently observed radiological feature of ILAs in patients who 
develop ICI-P,29 and multiple studies have identified it as an 
independent predictor of ICI-P22,29,30 (Table 1). Daido et al.29 

demonstrated that the presence of GGO in ILAs constituted an 
independent risk factor for the development of grade ≥ 2 ILD, 
including radiation pneumonitis or ICI-P, with an OR of 6.71 

Figure 1. Axial CT scans showing subtypes of interstitial lung abnormalities based on the presence or absence of fibrosis. (a) Non-subpleural fibrotic interstitial lung 
abnormalities (non-SF-ILAs). (b) Subpleural fibrotic interstitial lung abnormalities (SF-ILAs).
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(95% CI: 2.80–16.08, p < .001). Furthermore, Wang et al. reported 
that the proportion of GGO identified using artificial intelligence 
(AI) served as an independent predictor of ICI-P (p = .002).30 

Conversely, Horiuchi et al. found no significant association 
between GGO and the occurrence of ICI-P.21

SF-ILAs and ICI-P risk

Recent studies have suggested that SF-ILAs may also represent 
a risk factor for ICI-P (Table 1). Based on the Fleischner Society 
classification, ILAs were categorized into SF-ILAs and non-SF- 
ILAs to explore their relationship with ICI-P risk.31 Our findings 
indicated that the cumulative incidence of ICI-P was signifi
cantly higher in the SF-ILAs group compared to the non-SF- 
ILAs group (HR: 4.57, 95% CI: 1.90–10.98, p = .001). The inci
dence of ICI-P was also significantly greater in patients with SF- 
ILAs for all-grade (52.9% vs. 15.6%, respectively; p < .001) as 
well as grade ≥ 3 pneumonitis (29.4% vs. 2.2%, respectively; p  
= .001). Multivariate analysis affirmed SF-ILAs as an indepen
dent predictor of ICI-P (OR: 5.35, 95% CI: 1.62–17.61, p = .006). 
Similarly, a study involving 175 patients with NSCLC under
going radiotherapy (including 26 receiving durvalumab) 
demonstrated that SF-ILAs patients exhibited the highest cumu
lative incidence of grade ≥ 2 pneumonitis compared to other 
ILAs subtypes (p < .001).25 However, Petranovic et al. found 
no significant differences in ICI-P risk among varying ILAs 
subtypes (p = .244).26 ILAs encompasses a diverse array of radi
ological findings, from non-fibrotic features such as GGO or 
reticular abnormalities to fibrotic changes such as honeycomb
ing or architectural distortion. While GGO is typically classified 
as non-fibrotic ILAs, it may co-occur with fibrotic patterns or 
signify early stages of fibrosis.33,38 These findings suggest that 
both GGO and SF-ILAs serve as important risk factors for ICI-P, 
reflective of the intricate mechanisms of lung injury associated 
with ICI-P. Nevertheless, further research is warranted to vali
date these observations and enhance risk stratification.

Pathological and immunological insights into ILAs

ILAs are increasingly recognized as radiologic indicators of 
early ILDs, often sharing pathogenic pathways with fibrotic 
ILDs.18–20 Notably, ILAs occur more frequently in older 
patients and smokers and have been linked to the mucin5B 
promoter polymorphism,39 a genetic risk factor implicated in 
idiopathic pulmonary fibrosis (IPF). In the nascent stages of 
ILD, excessive immune responses – including abnormal pro
liferation and activation of macrophages and lymphocytes 
within the alveolar interstitium – are involved.40,41 IPF, 
a prototypical disease manifesting with a usual interstitial 
pneumonia (UIP) pattern, is a chronic progressive fibrotic 
disorder of unknown etiology, characterized by repeated 
alveolar epithelial injury and fibroblast overactivation. 
Historically, the role of inflammation in the pathogenesis of 
IPF was regarded as limited. However, recent investigations 
indicate that both the innate and adaptive immune systems 
may contribute to the progression of IPF.41,42 Specifically, CD4 
+ T-cell subsets, such as Th2 and Th17 cells, may facilitate 
fibrosis, whereas regulatory T cells (Tregs) and Th1 cells may 
exert antifibrotic effects. A study involving 47 patients with 

ILAs demonstrated that GGO are pathologically associated 
with thickening of the lung interstitium. Additionally, many 
patients exhibiting fibrotic ILAs presented with either a “UIP 
pattern” or a “probable UIP pattern” upon surgical lung 
biopsy.34 These findings suggest that many ILAs represent an 
incipient fibrotic process with an underlying pro-fibrotic and 
inflammatory milieu. In an ILA patient, even if clinically silent, 
the lungs may already exhibit a delicate balance of immune 
activity and injury/repair responses, potentially vulnerable to 
perturbation by external stimuli such as ICIs.

Pathophysiological insights into ICI-P in ILAs

The mechanism underlying the development of ICI-P is pos
ited to involve autoimmune toxicity of T cells targeting shared 
epitopes between tumors and lung tissue.43 Bronchoalveolar 
lavage fluid from patients with ICI-P has revealed an increased 
population of CD8+ and CD4+ T cells, which produce pro- 
inflammatory cytokines such as tumor necrosis factor-alpha 
and interferon-gamma. Conversely, the proportion of anti- 
inflammatory Tregs tends to diminish.44–46 ICIs therapy may 
activate immune pathways analogous to those observed in 
ILAs/ILD, potentially exacerbating existing immune abnorm
alities and amplifying inflammation. The increased risk of ICI- 
P among patients with ILAs is likely influenced by the inter
play of lung tissue fragility, preexisting inflammation, and 
dysregulated immune responses induced by ICIs. These find
ings suggest that patients with ILAs/ILD may experience addi
tional immune dysfunction due to ICIs therapy, resulting in 
a heightened risk of pneumonitis. Considering these factors, 
careful assessment of patient risk profiles is essential, and 
appropriate treatment strategies should be devised to mini
mize potential complications associated with ICIs therapy.

Clinical outcomes and prognosis

Impact of ILAs on recovery from ICI-P

ILAs not only augment the risk of ICI-P but may also adversely 
impact long-term clinical outcomes. A study involving 71 
patients with NSCLC who developed ICI-P indicated that 
those with ILAs frequently exhibited incomplete radiological 
resolution following ICI-P, demonstrating partial improvement 
rather than returning to baseline.28 This partial improvement, 
characterized by residual fibrosis, may contribute to persistent 
hypoxemia, exacerbating dyspnea and chronic cough.

Prognostic implications of ILAs in NSCLC before the ICI era

Furthermore, the presence of ILAs has been correlated 
with diminished OS in patients with NSCLC. Several stu
dies have identified ILAs as an independent predictor of 
poor prognosis. For example, an analysis of 484 patients 
with stage IV NSCLC revealed that those with ILAs at 
diagnosis exhibited significantly shorter OS (HR = 2.09, p  
= .004).47 Similar trends have been observed in other 
studies.48,49 However, these studies predated the wide
spread clinical use of ICIs and may not fully encapsulate 
the current treatment landscape.
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Prognosis of NSCLC with ILAs in the era of immunotherapy

Recent investigations suggest that ILAs continue to influ
ence prognosis even in the context of ICIs therapy 
(Table 1). Kashihara et al. reported that in patients with 
locally advanced NSCLC, treated with durvalumab follow
ing chemoradiotherapy, baseline ILA scores were signifi
cantly associated with shorter OS and cancer-specific 
survival.32 This correlation may stem from higher rates of 
pneumonitis (including radiation pneumonitis or ICI-P) 
and increased treatment discontinuation in patients exhi
biting ILAs. Studies involving patients with NSCLC receiv
ing nivolumab, pembrolizumab, or atezolizumab indicate 
that, compared to those without SF-ILAs, those with SF- 
ILAs tend to experience shorter progression-free survival 
(PFS) and OS (PFS: 5.17 vs. 3.60 months, respectively; HR 
1.49, 95% CI: 0.91–2.45, p = .111; OS: 24.0 vs. 15.7 months, 
respectively; HR 1.38, 95% CI: 0.84–2.27, p = .193).31 

Additionally, compared to patients without SF-ILAs, 
patients with SF-ILAs demonstrated a higher incidence of 
respiratory failure-related mortality due to ICI-P (0.0% vs. 
13.6%, respectively; p = .183) and a greater tendency for 
ILAs progression (30.0% vs. 71.4%, respectively; p = .193). 
Similarly, a study involving 175 patients with NSCLC who 
received radiotherapy, including 26 who underwent durva
lumab treatment, demonstrated that SF-ILAs served as an 
independent predictor of poor OS in multivariate analysis 
(HR: 3.07, 95% CI: 1.17–8.10, p = .02).25 Furthermore, 
Wang et al. found that the presence of AI-detected ILA 
showed a trend toward poorer PFS (p = .054).30 These 
findings underscore the necessity for larger-scale studies 
to elucidate the impact of ILAs on prognosis and clinical 
outcomes in patients with NSCLC receiving ICIs therapy. 
Future research should prioritize ILAs-specific cohorts and 
immune therapy-focused investigations to refine treatment 
strategies and optimize patient outcomes.

Management strategies

Importance of ILAs diagnosis in patients with NSCLC prior 
to immunotherapy

Accurate diagnosis of ILAs is paramount when considering 
immunotherapy for NSCLC. Previous studies misclassified 
smoking-related centrilobular nodules and pleuroparenchy
mal fibroelastosis as ILAs. Additionally, mild focal or 

unilateral abnormalities were also incorrectly identified as 
ILAs. However, these conditions have been excluded from 
the most recent ILAs definitions.18,19 Understanding the pre
cise definition of ILAs is critical for developing appropriate 
diagnostic and treatment strategies. Prior to initiating immu
notherapy, a thorough evaluation of suspected ILAs is recom
mended. Thin-section CT with moderate edge-enhancing 
reconstruction (<1.5 mm) has proven useful in detecting 
ILAs.18 In certain cases, prone CT scans may be performed 
to differentiate true interstitial abnormalities from gravity- 
dependent atelectasis and inadequate inspiration (Figure 2). 
A study on lung cancer screening demonstrated that 46% of 
ILAs initially observed on supine CT disappeared on prone 
high-resolution CT (HRCT), suggesting that many such find
ings were positional artifacts rather than true ILAs.50 A recent 
comprehensive review also supports the use of HRCT – parti
cularly with positional techniques – for confirming or exclud
ing ILAs when standard CT findings are equivocal.39 Based on 
this evidence, we recommend HRCT in cases where standard 
CT raises suspicion of ILAs, as it can help ensure accurate 
diagnosis and avoid misclassification – an important consid
eration when evaluating risk factors for ICI-P.

Risk-based treatment approaches based on ILAs subtypes

Mitigating the risk of ICI-P is essential for enhancing 
patient outcomes. To achieve this, the use of HRCT to 
classify ILAs into subtypes – SF-ILAs and non-SF-ILAs – 
and to identify specific risk factors is recommended. In 
patients with SF-ILAs, it is crucial to provide comprehen
sive information regarding the associated risks before com
mencing ICIs therapy and to carefully determine the 
treatment strategy. In some instances, avoidance of ICIs 
therapy may need to be contemplated. Conversely, patients 
with non-SF-ILAs potentially possess a comparable risk of 
developing ICI-P to those without ILAs,25,31 making 
aggressive treatment a feasible option. Therefore, subclas
sification of ILAs can play a pivotal role in shaping treat
ment strategies for patients with NSCLC undergoing ICIs 
therapy.

Significance of GGO and treatment approaches

GGO represent a prevalent radiological feature in patients 
with ILAs, with prevalence rates reported to be 53.8%– 

Figure 2. Axial CT scans showing the disappearance of ground-glass opacities due to gravity-dependent atelectasis and insufficient inspiration. (a) A chest CT scan 
performed with the patient in the supine position showed ground-glass opacities in the lower lobes, which disappeared (b) when the patient was placed in the prone 
position, proving that the ground-glass opacities were caused by gravity effects and insufficient inspiration.
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100%.22,29,33,51 While Nakanishi et al.22 documented 
a prevalence of 53.8%, rates of 73.2% and 70.8% were 
observed by Daido et al.29 and Jin et al.51 respectively. In 
a study by Putman et al.33 all patients with ILAs (100%) 
exhibited GGO. As previously noted, GGO has been recog
nized as a risk factor for ICI-P. Nevertheless, the exclusion 
of all patients with ILA exhibiting GGO from ICIs therapy 
may preclude many patients from potential therapeutic ben
efits. Therefore, meticulous consideration of the impact of 
GGO is essential when formulating treatment strategies for 
patients with NSCLC exhibiting ILAs, and further investiga
tion is warranted.

Early detection and multidisciplinary collaboration in 
ICI-P management

Early detection and timely intervention are crucial for the 
successful management of ICI-P. Regular patient monitor
ing through clinical assessments, pulmonary function tests, 
imaging studies, and symptom questionnaires is vital dur
ing treatment. Establishing a multidisciplinary team com
prising oncologists, pulmonologists, and radiologists can 
enhance diagnostic accuracy and optimize treatment out
comes. Furthermore, patient education is of utmost impor
tance. Emphasis should be placed on the need for patients 
to recognize early symptoms of pneumonitis – such as 
dyspnea, cough, and fever – and to report these symptoms 
promptly to healthcare providers. Smoking cessation 
should be vigorously encouraged, as smoking exacerbates 
the risk of ICI-P.21,52 Respiratory infections pose 
a significant risk of interrupting ICIs treatment and may 
complicate the differential diagnosis of ICI-P.53 Therefore, 
immunization against respiratory pathogens, including 
influenza, COVID-19, respiratory syncytial virus, and 
pneumococcus, is advocated to mitigate infection-related 
complications and facilitate uninterrupted cancer therapy.

Future perspectives and conclusions

Differentiating ILAs from ILD in lung cancer patients

ILAs have traditionally been regarded as incidental findings 
devoid of substantial respiratory symptoms, functional impair
ment, or diagnosed ILD.19 However, in lung cancer patients 
with coexisting ILAs, respiratory symptoms and pulmonary 
function impairment may manifest due to lung cancer itself. 
Thus, future efforts should focus on establishing precise meth
odologies to differentiate between ILAs and ILD to guarantee 
accurate diagnosis and management.

Need for prospective trials in ILAs and NSCLC

Currently, most studies exploring ILAs and NSCLC are based 
on retrospective, single-center analyses, highlighting 
a significant deficit in prospective research. Particularly, to 
ascertain whether ILAs functions as an independent risk factor 
for ICI-P or as a predictor of poor prognosis in patients with 
NSCLC undergoing ICIs therapy, multicenter prospective clin
ical trials are imperative. Moreover, it is essential to investigate 

the impact of ICIs on the natural course of ILAs and to 
establish optimal treatment strategies for patients with lung 
cancer and preexisting ILAs.

Patient selection and safety in future ICI trials

Most existing ICI studies have excluded patients with 
a history of or risk factors for ILD, including ILAs, due to 
concerns about treatment-related pneumonitis. However, in 
clinical practice, these patients are frequently encountered, 
and the absence of prospective evidence limits clinicians’ 
ability to make informed treatment decisions. Rather than 
advocating for the broad inclusion of all high-risk indivi
duals, we propose that future trials cautiously consider 
enrolling carefully selected patients – particularly those 
with non-SF-ILAs – under strict safety protocols. These 
may include comprehensive baseline evaluations, radiologic 
and functional risk stratification, close monitoring, and pre
defined stopping criteria. Such an approach could help 
define the true risk – benefit profile of ICIs in this popula
tion, ultimately supporting more personalized and evidence- 
based treatment strategies while maintaining a strong focus 
on patient safety.

Role of artificial intelligence and machine learning in 
managing ILAs during immunotherapy

In the context of NSCLC, AI-driven radiomics models 
derived from chest CT scans have been developed to non- 
invasively predict molecular markers such as PD-L1 expres
sion and tumor mutation burden, both of which are impor
tant for guiding ICI treatment.54 More importantly for 
patients with ILAs, recent studies have shown that radiomics 
signatures can help differentiate between immune ICI-P and 
radiation pneumonitis – a clinically challenging scenario in 
those with underlying lung abnormalities.55 Recent advances 
in AI and machine learning are revolutionizing precision 
oncology and have significant potential in the assessment 
and management of ILAs.19,56 Furthermore, AI tools that 
can detect subtle radiographic features associated with early 
interstitial changes or predict the likelihood of pneumonitis 
subtype may aid in more personalized treatment planning 
and monitoring. For example, AI-enhanced imaging analysis 
could help distinguish SF-ILAs, which carry a higher risk of 
adverse outcomes, from non-SF-ILAs, or flag early signs of 
progression to ILD following immunotherapy. Going for
ward, integrating AI-driven image analytics with clinical and 
genomic data may enable early identification of high-risk 
ILA phenotypes, prediction of ICI tolerability, and improved 
decision-making regarding treatment continuation or 
immunosuppressive intervention. Such advances would 
directly support more individualized management strategies 
for NSCLC patients with ILAs.

Toward personalized and safe ICI use in patients with ILAs

Previous reports indicate that a significant proportion of 
studies addressing ICIs treatment in patients NSCLC exhi
biting concurrent ILAs have originated from Japan. This 
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trend may stem from the comprehensive role of Japanese 
pulmonologists in diagnosing and managing NSCLC, ILAs, 
and ICI-P. Historically, Japanese patients with cancer were 
noted to exhibit a higher susceptibility to drug-induced 
pneumonitis.57 However, recent studies have indicated that 
the incidence of ICI-P is comparable between Japan and the 
United States.12,13,58 In recent years, ILAs have gained global 
recognition as a risk factor for ICI-P.39,59 Moving forward, 
the accumulation of data on optimal treatment strategies for 
patients with NSCLC and concurrent ILAs will be crucial. 
This review has the potential to deepen the understanding of 
the interaction between ICIs and ILAs and provide valuable 
insights for clinicians and researchers in ensuring safer and 
more effective immunotherapy for patients with lung 
cancer.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The author(s) reported there is no funding associated with the work 
featured in this article.

Notes on contributor

Ryota Kikuchi is an assistant professor in the Department of Respiratory 
Medicine at Tokyo Medical University Hospital. His clinical expertise 
includes the management of cancer-related pulmonary complications, 
chemotherapy- or immunotherapy-related pneumonitis, lung cancer, 
and interstitial lung disease. His research focuses on identifying risk 
factors for the development of immune checkpoint inhibitor-related 
pneumonitis and assessing its impact on cancer treatment outcomes. He 
has contributed to advancing knowledge in this field through both his 
clinical practice and academic research.

ORCID

Ryota Kikuchi http://orcid.org/0000-0002-0854-3494

Author contributions

R.K. conceptualized the study and drafted the manuscript. S. 
A. contributed to literature review and critical revisions. All authors 
reviewed and approved the final manuscript. All authors agree to be 
accountable for all aspects of the study.

Data availability statement

The datasets generated during and/or analyzed during the current study 
are available from the corresponding author upon reasonable request.

Ethics statement

The authors declare that appropriate written informed consent was 
obtained for the publication of this manuscript and accompanying 
images.

References

1. Siegel RL, Kratzer TB, Giaquinto AN, Sung H, Jemal A. Cancer 
statistics, 2025. CA Cancer J Clin. 2025;75(1):10–45. doi: 10.3322/ 
caac.21871  .

2. National Cancer Institute. SEER cancer statistics review. Bethesda 
(MD): National Cancer Institute; 1975–2016 [accessed 2025 Jan 8]; 
https://seer.cancer.gov/archive/csr/1975_2015/index.html. p 2019.

3. Howlader N, Forjaz G, Mooradian MJ, Meza R, Kong CY, 
Cronin KA, Mariotto AB, Lowy DR, Feuer EJ. The effect of 
advances in lung-cancer treatment on population mortality. 
N Engl J Med. 2020;383(7):640–649. doi:10.1056/ 
NEJMoa1916623  .

4. Wei Y, Zhang R, Yin R, Wang S, Han J, Chen R, Fu Z. 
Immunotherapy improves the survival of stage 4 non-small cell 
lung cancer patients at the US population level: the real-world 
evidence. Clin Respir J. 2024;18(9):e70000. doi: 10.1111/crj.70000  .

5. Sharma P, Allison JP. The future of immune checkpoint therapy. 
Science. 2015;348(6230):56–61. doi:10.1126/science.aaa8172  .

6. Pardoll DM. The blockade of immune checkpoints in cancer 
immunotherapy. Nat Rev Cancer. 2012;12(4):252–264. doi:10. 
1038/nrc3239  .

7. Reck M, Rodríguez-Abreu D, Robinson AG, Hui R, Csőszi T, 
Fülöp A, Gottfried M, Peled N, Tafreshi A, Cuffe S, et al. Five- 
year outcomes with pembrolizumab versus chemotherapy for 
metastatic non–small-Cell lung cancer with PD-L1 tumor propor
tion score ≥50%. J Clin Oncol. 2021;39(21):2339–2349. doi: 10. 
1200/JCO.21.00174  .

8. Garassino MC, Gadgeel S, Speranza G, Felip E, Esteban E, 
Dómine M, Hochmair MJ, Powell SF, Bischoff HG, Peled N, 
et al. Pembrolizumab plus pemetrexed and platinum in nonsqua
mous non–small-Cell lung cancer: 5-year outcomes from the 
phase 3 KEYNOTE-189 study. J Clin Oncol. 2023;41 
(11):1992–1998. doi: 10.1200/JCO.22.01989  .

9. Jassem J, de Marinis F, Giaccone G, Vergnenegre A, Barrios CH, 
Morise M, Felip E, Oprean C, Kim Y-C, Andric Z, et al. Updated 
overall survival analysis from IMpower110: atezolizumab versus 
platinum-based chemotherapy in treatment-naive programmed 
death-ligand 1–selected NSCLC. J Thorac Oncol. 2021;16 
(11):1872–1882. doi: 10.1016/j.jtho.2021.06.019  .

10. Ramos-Casals M, Brahmer JR, Callahan MK, Flores-Chávez A, 
Keegan N, Khamashta MA, Lambotte O, Mariette X, Prat A, 
Suárez-Almazor ME. Immune-related adverse events of check
point inhibitors. Nat Rev Dis Primers. 2020;6(1):38. doi:10.1038/ 
s41572-020-0160-6  .

11. Wang DY, Salem JE, Cohen JV, Chandra S, Menzer C, Ye F, 
Zhao S, Das S, Beckermann KE, Ha L, et al. Fatal toxic effects 
associated with immune checkpoint inhibitors: a systematic review 
and meta-analysis. JAMA Oncol. 2018;4(12):1721–1728. doi: 10. 
1001/jamaoncol.2018.3923. [published correction appears in 
JAMA Oncol 2018 Dec 1; 4(12):1792. doi: 10.1001/jamaoncol. 
2018.5346  ].

12. Suresh K, Voong KR, Shankar B, Forde PM, Ettinger DS, 
Marrone KA, Kelly RJ, Hann CL, Levy B, Feliciano JL, et al. 
Pneumonitis in non-small cell lung cancer patients receiving 
immune checkpoint immunotherapy: incidence and risk factors. 
J Thorac Oncol. 2018;13(12):1930–1939. doi: 10.1016/j.jtho.2018. 
08.2035  .

13. Suzuki Y, Karayama M, Uto T, Fujii M, Matsui T, Asada K, 
Kusagaya H, Kato M, Matsuda H, Matsuura S, et al. Assessment 
of immune-related interstitial lung disease in patients with NSCLC 
treated with immune checkpoint inhibitors: a multicenter pro
spective study. J Thorac Oncol. 2020;15(8):1317–1327. doi: 10. 
1016/j.jtho.2020.04.002  .

14. Gettinger SN, Horn L, Gandhi L, Spigel DR, Antonia SJ, Rizvi NA, 
Powderly JD, Heist RS, Carvajal RD, Jackman DM, et al. Overall 
survival and long-term safety of nivolumab (anti-programmed 
death 1 antibody, BMS-936558, ONO-4538) in patients with pre
viously treated advanced non-small-cell lung cancer. J Clin Oncol. 
2015;33(18):2004–2012. doi: 10.1200/JCO.2014.58.3708  .

HUMAN VACCINES & IMMUNOTHERAPEUTICS 7

https://doi.org/10.3322/caac.21871
https://doi.org/10.3322/caac.21871
https://seer.cancer.gov/archive/csr/1975_2015/index.html
https://doi.org/10.1056/NEJMoa1916623
https://doi.org/10.1056/NEJMoa1916623
https://doi.org/10.1111/crj.70000
https://doi.org/10.1126/science.aaa8172
https://doi.org/10.1038/nrc3239
https://doi.org/10.1038/nrc3239
https://doi.org/10.1200/JCO.21.00174
https://doi.org/10.1200/JCO.21.00174
https://doi.org/10.1200/JCO.22.01989
https://doi.org/10.1016/j.jtho.2021.06.019
https://doi.org/10.1038/s41572-020-0160-6
https://doi.org/10.1038/s41572-020-0160-6
https://doi.org/10.1001/jamaoncol.2018.3923
https://doi.org/10.1001/jamaoncol.2018.3923
https://doi.org/10.1001/jamaoncol.2018.5346
https://doi.org/10.1001/jamaoncol.2018.5346
https://doi.org/10.1016/j.jtho.2018.08.2035
https://doi.org/10.1016/j.jtho.2018.08.2035
https://doi.org/10.1016/j.jtho.2020.04.002
https://doi.org/10.1016/j.jtho.2020.04.002
https://doi.org/10.1200/JCO.2014.58.3708


15. Naidoo J, Wang X, Woo KM, Iyriboz T, Halpenny D, 
Cunningham J, Chaft JE, Segal NH, Callahan MK, Lesokhin AM, 
et al. Pneumonitis in patients treated with anti–programmed 
death-1/Programmed death ligand 1 therapy. J Clin Oncol. 
2017;35(7):709–717. doi: 10.1200/JCO.2016.68.2005. [published 
correction appears in J Clin Oncol 2017 Aug 1; 35(22):2590. doi:  
10.1200/JCO.2017.74.5042  ].

16. Sears CR, Peikert T, Possick JD, Naidoo J, Nishino M, Patel SP, 
Camus P, Gaga M, Garon EB, Gould MK, et al. Knowledge gaps 
and research priorities in immune checkpoint inhibitor-related 
pneumonitis. Am J Respir Crit Care Med. 2019;200(6):e31–e43. 
doi: 10.1164/rccm.201906-1202ST  .

17. Gomatou G, Tzilas V, Kotteas E, Syrigos K, Bouros D. Immune 
checkpoint inhibitor-related pneumonitis. Respiration. 2020;99 
(11):932–942. doi:10.1159/000509941  .

18. Hatabu H, Hunninghake GM, Richeldi L, Brown KK, Wells AU, 
Remy-Jardin M, Verschakelen J, Nicholson AG, Beasley MB, 
Christiani DC, et al. Interstitial lung abnormalities detected inci
dentally on CT: a position paper from the Fleischner society. 
Lancet Respir Med. 2020;8(7):726–737. doi: 10.1016/S2213- 
2600(20)30168-5  .

19. Hata A, Schiebler ML, Lynch DA, Hatabu H. Interstitial lung 
abnormalities: state of the art. Radiology. 2021;301(1):19–34. 
doi:10.1148/radiol.2021204367  .

20. Seok J, Park S, Yoon EC, Yoon HY. Clinical outcomes of inter
stitial lung abnormalities: a systematic review and meta-analysis. 
Sci Rep. 2024;14(1):7330. doi:10.1038/s41598-024-57831-3  .

21. Horiuchi K, Ikemura S, Sato T, Shimozaki K, Okamori S, 
Yamada Y, Yokoyama Y, Hashimoto M, Jinzaki M, Hirai I, et al. 
Pre-existing interstitial lung abnormalities and immune check
point inhibitor-related pneumonitis in solid tumors: 
a retrospective analysis. Oncologist. 2024;29(1):e108–17. doi: 10. 
1093/oncolo/oyad187  .

22. Nakanishi Y, Masuda T, Yamaguchi K, Sakamoto S, Horimasu Y, 
Nakashima T, Miyamoto S, Tsutani Y, Iwamoto H, Fujitaka K, 
et al. Pre-existing interstitial lung abnormalities are risk factors for 
immune checkpoint inhibitor-induced interstitial lung disease in 
non-small cell lung cancer. Respir Invest. 2019;57(5):451–459. doi:  
10.1016/j.resinv.2019.05.002  .

23. Murata D, Azuma K, Matama G, Zaizen Y, Matsuo N, Murotani K, 
Tokito T, Hoshino T. Clinical significance of interstitial lung 
abnormalities and immune checkpoint inhibitor-induced intersti
tial lung disease in patients with non-small cell lung cancer. 
Thorac Cancer. 2023;14(1):73–80. doi:10.1111/1759-7714.14718  .

24. Wong A, Riley M, Zhao S, Zimmer J, Viveiros M, Wang JG, 
Esguerra V, Li M, Lopez G, Kendra K, et al. Association between 
pretreatment chest imaging and immune checkpoint inhibitor 
pneumonitis among patients with lung cancer. J Nat Comp 
Cancer Network: JNCCN. 2023;21(11):1164–1171.e5. doi: 10. 
6004/jnccn.2023.7059  .

25. Ito M, Katano T, Okada H, Sakuragi A, Minami Y, Abe S, 
Adachi S, Oshima Y, Ohashi W, Kubo A, et al. Subpleural fibrotic 
interstitial lung abnormalities are implicated in non-small cell lung 
cancer radiotherapy outcomes. Radiol Oncol. 2023;57(2):229–238. 
doi: 10.2478/raon-2023-0018  .

26. Petranovic M, McDermott S, Mercaldo S, Little BP, Graur A, 
Huang K, Fintelmann FJ, Digumarthy SR, Gainor JF. Impact of 
baseline interstitial lung abnormalities on pneumonitis risk in 
patients receiving immune checkpoint inhibitors for non–small- 
Cell lung cancer. Clin Lung Cancer. 2023;24(8):682–688.e5. doi:  
10.1016/j.cllc.2023.08.014  .

27. Wong A, Riley M, Zhao S, Wang JG, Esguerra V, Li M, Lopez G, 
Otterson GA, Kendra K, Presley CJ, et al. Association between 
pre-treatment chest imaging and pulmonary function abnormal
ities and immune checkpoint inhibitor pneumonitis. Cancer 
Immunol, Immunother: CII. 2023;72(6):1727–1735. doi: 10.1007/ 
s00262-023-03373-y. [published correction appears in Cancer 
Immunol Immunother 2023 Jun; 72(6):1737. doi: 10.1007/ 
s00262-023-03391-w  ].

28. Soto-Lanza F, Glick L, Chan C, Zhong L, Wilson N, Faiz S, 
Gandhi S, Naing A, Heymach JV, Shannon VR, et al. Long-term 
clinical, radiological, and mortality outcomes following pneumo
nitis in nonsmall cell lung cancer patients receiving immune 
checkpoint inhibitors: a retrospective analysis. Clin Lung Cancer. 
2024;25(7):624–633.e2. doi: 10.1016/j.cllc.2024.07.017  .

29. Daido W, Masuda T, Imano N, Matsumoto N, Hamai K, 
Iwamoto Y, Takayama Y, Ueno S, Sumii M, Shoda H, et al. Pre- 
existing interstitial lung abnormalities are independent risk factors 
for interstitial lung disease during durvalumab treatment after 
chemoradiotherapy in patients with locally advanced non-small- 
cell lung cancer. Cancers (Basel). 2022;14(24):6236. doi: 10.3390/ 
cancers14246236  .

30. Wang X, Zhao J, Mei T, Liu W, Chen X, Wang J, Jiang R, Ye Z, 
Huang D. Quantification of preexisting lung ground glass opacities 
on CT for predicting checkpoint inhibitor pneumonitis in 
advanced non-small cell lung cancer patients. BMC Cancer. 
2024;24(1):269. doi:10.1186/s12885-024-12008-z  .

31. Kikuchi R, Watanabe Y, Okuma T, Nakamura H, Abe S. Outcome 
of immune checkpoint inhibitor treatment in non-small cell lung 
cancer patients with interstitial lung abnormalities: clinical utility 
of subcategorizing interstitial lung abnormalities. Cancer 
Immunol, Immunother: CII. 2024;73(11):211. doi:10.1007/ 
s00262-024-03792-5  .

32. Kashihara T, Nakayama Y, Okuma K, Takahashi A, Kaneda T, 
Katagiri M, Nakayama H, Kubo Y, Ito K, Nakamura S, et al. 
Impact of interstitial lung abnormality on survival after adjuvant 
durvalumab with chemoradiotherapy for locally advanced 
non-small cell lung cancer. Radiother Oncol J Eur Soc Ther 
Radiol Oncol. 2023;180:109454. doi: 10.1016/j.radonc.2022. 
109454  .

33. Putman RK, Gudmundsson G, Axelsson GT, Hida T, Honda O, 
Araki T, Yanagawa M, Nishino M, Miller ER, Eiriksdottir G, et al. 
Imaging patterns are associated with interstitial lung abnormality 
progression and mortality. Am J Respir Crit Care Med. 2019;200 
(2):175–183. doi: 10.1164/rccm.201809-1652OC  .

34. Chae KJ, Chung MJ, Jin GY, Song YJ, An AR, Choi H, Goo JM. 
Radiologic-pathologic correlation of interstitial lung abnormalities 
and predictors for progression and survival. Eur Radiol. 2022;32 
(4):2713–2723. doi:10.1007/s00330-021-08378-8  .

35. Kim MS, Choe J, Hwang HJ, Lee SM, Yun J, Kim N, Ko M-S, Yi J, 
Yu D, Seo JB, et al. Interstitial lung abnormalities (ILA) on routine 
chest CT: comparison of radiologists’ visual evaluation and auto
mated quantification. Eur J Radiol. 2022;157:110564. doi: 10.1016/ 
j.ejrad.2022.110564  .

36. Chae KJ, Lim S, Seo JB, Hwang HJ, Choi H, Lynch D, Jin GY. 
Interstitial lung abnormalities at CT in the Korean national lung 
cancer screening program: prevalence and deep learning–based 
texture analysis. Radiology. 2023;307(4):e222828. doi: 10.1148/ 
radiol.222828  .

37. Zhang Y, Wan H, Richeldi L, Zhu M, Huang Y, Xiong X, Liao J, 
Zhu W, Mao L, Xu L, et al. Reticulation is a risk factor of pro
gressive subpleural nonfibrotic interstitial lung abnormalities. Am 
J Respir Crit Care Med. 2022;206(2):178–185. doi: 10.1164/rccm. 
202110-2412OC  .

38. Sverzellati N, Guerci L, Randi G, Calabrò E, La Vecchia C, 
Marchianò A, Pesci A, Zompatori M, Pastorino U. Interstitial 
lung diseases in a lung cancer screening trial. Eur Respir J. 
2011;38(2):392–400. doi:10.1183/09031936.00201809  .

39. Moodley Y, Mackintosh JA. A comprehensive review of interstitial 
lung abnormalities. Respirology. 2025;30(5):385–397. doi: 10. 
1111/resp.70026  .

40. Wijsenbeek M, Cottin V, Drazen JM. Spectrum of fibrotic lung 
diseases. N Engl J Med. 2020;383(10):958–968. doi: 10.1056/ 
NEJMra2005230  .

41. Desai O, Winkler J, Minasyan M, Herzog EL. The role of immune 
and inflammatory cells in idiopathic pulmonary fibrosis. Front 
Med (Lausanne). 2018;5:43. doi: 10.3389/fmed.2018.00043  .

42. Heukels P, Moor CC, von der Thüsen JH, Wijsenbeek MS, Kool M, 
von der Thüsen JH. Inflammation and immunity in IPF 

8 R. KIKUCHI AND S. ABE

https://doi.org/10.1200/JCO.2016.68.2005
https://doi.org/10.1200/JCO.2017.74.5042
https://doi.org/10.1200/JCO.2017.74.5042
https://doi.org/10.1164/rccm.201906-1202ST
https://doi.org/10.1159/000509941
https://doi.org/10.1016/S2213-2600(20)30168-5
https://doi.org/10.1016/S2213-2600(20)30168-5
https://doi.org/10.1148/radiol.2021204367
https://doi.org/10.1038/s41598-024-57831-3
https://doi.org/10.1093/oncolo/oyad187
https://doi.org/10.1093/oncolo/oyad187
https://doi.org/10.1016/j.resinv.2019.05.002
https://doi.org/10.1016/j.resinv.2019.05.002
https://doi.org/10.1111/1759-7714.14718
https://doi.org/10.6004/jnccn.2023.7059
https://doi.org/10.6004/jnccn.2023.7059
https://doi.org/10.2478/raon-2023-0018
https://doi.org/10.1016/j.cllc.2023.08.014
https://doi.org/10.1016/j.cllc.2023.08.014
https://doi.org/10.1007/s00262-023-03373-y
https://doi.org/10.1007/s00262-023-03373-y
https://doi.org/10.1007/s00262-023-03391-w
https://doi.org/10.1007/s00262-023-03391-w
https://doi.org/10.1016/j.cllc.2024.07.017
https://doi.org/10.3390/cancers14246236
https://doi.org/10.3390/cancers14246236
https://doi.org/10.1186/s12885-024-12008-z
https://doi.org/10.1007/s00262-024-03792-5
https://doi.org/10.1007/s00262-024-03792-5
https://doi.org/10.1016/j.radonc.2022.109454
https://doi.org/10.1016/j.radonc.2022.109454
https://doi.org/10.1164/rccm.201809-1652OC
https://doi.org/10.1007/s00330-021-08378-8
https://doi.org/10.1016/j.ejrad.2022.110564
https://doi.org/10.1016/j.ejrad.2022.110564
https://doi.org/10.1148/radiol.222828
https://doi.org/10.1148/radiol.222828
https://doi.org/10.1164/rccm.202110-2412OC
https://doi.org/10.1164/rccm.202110-2412OC
https://doi.org/10.1183/09031936.00201809
https://doi.org/10.1111/resp.70026
https://doi.org/10.1111/resp.70026
https://doi.org/10.1056/NEJMra2005230
https://doi.org/10.1056/NEJMra2005230
https://doi.org/10.3389/fmed.2018.00043


pathogenesis and treatment. Respir Med. 2019;147:79–91. doi: 10. 
1016/j.rmed.2018.12.015  .

43. Läubli H, Koelzer VH, Matter MS, Herzig P, Dolder Schlienger B, 
Wiese MN, Lardinois D, Mertz KD, Zippelius A. The T cell reper
toire in tumors overlaps with pulmonary inflammatory lesions in 
patients treated with checkpoint inhibitors. Oncoimmunology. 
2018;7(2):e1386362. doi:10.1080/2162402X.2017.1386362  .

44. Suresh K, Naidoo J, Zhong Q, Xiong Y, Mammen J, de Flores MV, 
Cappelli L, Balaji A, Palmer T, Forde PM, et al. The alveolar 
immune cell landscape is dysregulated in checkpoint inhibitor 
pneumonitis. J Clin Invest. 2019;129(10):4305–4315. doi: 10. 
1172/JCI128654  .

45. Ando H, Suzuki K, Yanagihara T. Insights into potential patho
genesis and treatment options for immune-checkpoint 
inhibitor-related pneumonitis. Biomedicines. 2021;9(10):1484. 
doi:10.3390/biomedicines9101484  .

46. Chen R, Shi Y, Fang N, Shao C, Huang H, Pan R, Xu Y, Wang M, 
Liu X, Xu K, et al. Bronchoalveolar lavage fluid analysis in patients 
with checkpoint inhibitor pneumonitis. Cancer Immunol, 
Immunother: CII. 2024;73(11):235. doi: 10.1007/s00262-024- 
03834-y  .

47. Araki T, Dahlberg SE, Hida T, Lydon CA, Rabin MS, Hatabu H, 
Johnson BE, Nishino M. Interstitial lung abnormality in stage IV 
non-small cell lung cancer: a validation study for the association 
with poor clinical outcome. Eur J Radiol Open. 2019;6:128–131. 
doi: 10.1016/j.ejro.2019.03.003  .

48. Whittaker Brown SA, Padilla M, Mhango G, Powell C, 
Salvatore M, Henschke C, Yankelevitz D, Sigel K, de-Torres JP, 
Wisnivesky J, et al. Interstitial lung abnormalities and lung cancer 
risk in the national lung screening trial. Chest. 2019;156 
(6):1195–1203. doi: 10.1016/j.chest.2019.06.041  .

49. Axelsson GT, Putman RK, Aspelund T, Gudmundsson EF, Hida T, 
Araki T, Nishino M, Hatabu H, Gudnason V, Hunninghake GM, 
et al. The associations of interstitial lung abnormalities with cancer 
diagnoses and mortality. Eur Respir J. 2020;56(6):1902154. doi: 10. 
1183/13993003.02154-2019  .

50. Tsushima K, Sone S, Yoshikawa S, Yokoyama T, Suzuki T, Kubo K. 
The radiological patterns of interstitial change at an early phase: 
over a 4-year follow-up. Respir Med. 2010;104(11):1712–1721. doi:  
10.1016/j.rmed.2010.05.014  .

51. Jin GY, Lynch D, Chawla A, Garg K, Tammemagi MC, Sahin H, 
Misumi S, Kwon KS. Interstitial lung abnormalities in a CT lung 

cancer screening population: prevalence and progression rate. 
Radiology. 2013;268(2):563–571. doi:10.1148/radiol.13120816  .

52. Okada N, Matsuoka R, Sakurada T, Goda M, Chuma M, Yagi K, 
Zamami Y, Nishioka Y, Ishizawa K. Risk factors of immune 
checkpoint inhibitor-related interstitial lung disease in patients 
with lung cancer: a single-institution retrospective study. Sci Rep. 
2020;10(1):13773. doi:10.1038/s41598-020-70743-2  .

53. Chang HL, Wei PJ, Wu KL, Huang HL, Yang CJ. Checkpoint 
inhibitor pneumonitis mimicking COVID-19 infection during 
the COVID-19 pandemic. Lung Cancer. 2020;146:376–377. doi:  
10.1016/j.lungcan.2020.06.013  .

54. Wen Q, Yang Z, Dai H, Feng A, Li Q. Radiomics study for 
predicting the expression of PD-L1 and tumor mutation burden 
in non-small cell lung cancer based on CT images and clinico
pathological features. Front Oncol. 2021;11:620246. doi: 10.3389/ 
fonc.2021.620246  .

55. Qiu Q, Xing L, Wang Y, Feng A, Wen Q. Development and 
validation of a radiomics nomogram using computed tomography 
for differentiating immune checkpoint inhibitor-related pneumo
nitis from radiation pneumonitis for patients with non-small cell 
lung cancer. Front Immunol. 2022;13:870842. doi: 10.3389/fimmu. 
2022.870842  .

56. Hata A, Aoyagi K, Hino T, Kawagishi M, Wada N, Song J, Wang X, 
Valtchinov VI, Nishino M, Muraguchi Y, et al. Automated inter
stitial lung abnormality probability prediction at CT: a stepwise 
machine learning approach in the Boston lung cancer study. 
Radiology. 2024;312(3):e233435. doi: 10.1148/radiol.233435  .

57. Kudoh S, Kato H, Nishiwaki Y, Fukuoka M, Nakata K, Ichinose Y, 
Tsuboi M, Yokota S, Nakagawa K, Suga M, et al. Interstitial lung 
disease in Japanese patients with lung cancer: a cohort and nested 
case-control study. Am J Respir Crit Care Med. 2008;177 
(12):1348–1357. doi: 10.1164/rccm.200710-1501OC  .

58. Atchley WT, Alvarez C, Saxena-Beem S, Schwartz TA, 
Ishizawar RC, Patel KP, Rivera MP. Immune checkpoint 
inhibitor-related pneumonitis in lung cancer: real-world inci
dence, risk factors, and management practices across six health 
care centers in North Carolina. Chest. 2021;160(2):731–742. 
doi:10.1016/j.chest.2021.02.032  .

59. Kattih Z, Bade B, Hatabu H, Brown K, Parambil J, Hata A, 
Mazzone PJ, Machnicki S, Guerrero D, Chaudhry MQ, et al. 
Interstitial lung abnormality: narrative review of the approach to 
diagnosis and management. Chest. 2025;167(3):781–799. doi: 10. 
1016/j.chest.2024.09.033.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 9

https://doi.org/10.1016/j.rmed.2018.12.015
https://doi.org/10.1016/j.rmed.2018.12.015
https://doi.org/10.1080/2162402X.2017.1386362
https://doi.org/10.1172/JCI128654
https://doi.org/10.1172/JCI128654
https://doi.org/10.3390/biomedicines9101484
https://doi.org/10.1007/s00262-024-03834-y
https://doi.org/10.1007/s00262-024-03834-y
https://doi.org/10.1016/j.ejro.2019.03.003
https://doi.org/10.1016/j.chest.2019.06.041
https://doi.org/10.1183/13993003.02154-2019
https://doi.org/10.1183/13993003.02154-2019
https://doi.org/10.1016/j.rmed.2010.05.014
https://doi.org/10.1016/j.rmed.2010.05.014
https://doi.org/10.1148/radiol.13120816
https://doi.org/10.1038/s41598-020-70743-2
https://doi.org/10.1016/j.lungcan.2020.06.013
https://doi.org/10.1016/j.lungcan.2020.06.013
https://doi.org/10.3389/fonc.2021.620246
https://doi.org/10.3389/fonc.2021.620246
https://doi.org/10.3389/fimmu.2022.870842
https://doi.org/10.3389/fimmu.2022.870842
https://doi.org/10.1148/radiol.233435
https://doi.org/10.1164/rccm.200710-1501OC
https://doi.org/10.1016/j.chest.2021.02.032
https://doi.org/10.1016/j.chest.2024.09.033
https://doi.org/10.1016/j.chest.2024.09.033

	Abstract
	Introduction
	Clinical impact of ICIs in NSCLC
	Immune-related adverse events: focus on pneumonitis
	Emerging importance of ILAs in ICI therapy

	Literature selection
	Prevalence and characteristics of ILAs in NSCLC
	Epidemiology of ILAs in the general and NSCLC populations
	Radiologic features and classification of ILAs
	Subtype-specific prevalence in NSCLC patients

	ICI-P in patients with NSCLC and ILAs
	Risk of developing ICI-P
	Limitations of current evidence
	GGO as radiological predictors of ICI-P
	SF-ILAs and ICI-P risk
	Pathological and immunological insights into ILAs
	Pathophysiological insights into ICI-P in ILAs

	Clinical outcomes and prognosis
	Impact of ILAs on recovery from ICI-P
	Prognostic implications of ILAs in NSCLC before the ICI era
	Prognosis of NSCLC with ILAs in the era of immunotherapy

	Management strategies
	Importance of ILAs diagnosis in patients with NSCLC prior to immunotherapy
	Risk-based treatment approaches based on ILAs subtypes
	Significance of GGO and treatment approaches
	Early detection and multidisciplinary collaboration in ICI-P management

	Future perspectives and conclusions
	Differentiating ILAs from ILD in lung cancer patients
	Need for prospective trials in ILAs and NSCLC
	Patient selection and safety in future ICI trials
	Role of artificial intelligence and machine learning in managing ILAs during immunotherapy
	Toward personalized and safe ICI use in patients with ILAs

	Disclosure statement
	Funding
	Notes on contributor
	ORCID
	Author contributions
	Data availability statement
	Ethics statement
	References

