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At a Glance 

Scientific Knowledge on the Subject: Interstitial lung abnormalities (ILA) are common 

incidental findings in lung cancer screening. ILAs may represent a precursor to interstitial 

lung disease, but have also been shown to have associations with reduced lung function, 

increased symptoms, and reduced overall survival. Existing classifications may 

underestimate the prevalence of clinically important ILA, especially in modern lung cancer 

screening populations with improved scan resolution. 

What This Study Adds to the Field: A new ILA classification, the TBe score, was developed 

emphasizing traction bronchiolectasis, an imaging feature reflecting early interstitial 

damage. The study then investigated whether this earlier disease state associated with 

increased respiratory morbidity and reduced overall survival.  

The TBe score was shown to identify 86% more participants in lung cancer screening with 

undiagnosed fibrotic interstitial lung disease compared to the existing American Thoracic 

Society (ATS) classification. These participants have higher rates of respiratory 

hospitalisation and increased risk of death. Despite higher sensitivity, participants identified 

by TBe had comparable disease severity to those identified by ATS criteria. In lung cancer 

screening settings, TBe can identify more participants than ATS criteria who may warrant 

further investigation and follow up.  
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Abstract
Rationale: Lung cancer screening regularly identifies participants with interstitial 

lung abnormalities (ILA). Existing classification methods may underestimate the 

prevalence of clinically relevant ILA phenotypes. 

Objectives: Can a classification system for ILAs developed in a lung cancer 

screening setting identify clinically relevant phenotypes?

Methods: Classification criteria based on the presence and lobar extent of traction 

bronchiolectasis (TBe) were developed internally by expert consensus. Categories 

included: no ILA, non-fibrotic ILA (NF-ILA), fibrotic ILA (F-ILA), and undiagnosed 

fibrotic ILD (U-ILD). Interobserver agreement was calculated between two readers. 

Clinical characteristics, respiratory hospitalisations, and survival were compared 

between participants of different ILA grades.

Measurements and Main Results: 8,169 participants were included in the final 

analysis. TBe showed improved interobserver agreement compared to the American 

Thoracic Society (ATS) classification, identifying 344 participants (4%) with U-ILD, 

86% more than the ATS classification. An additional 405 had F-ILA (5%) and 667 

had NF-ILA (8%). Compared to participants without ILA, participants with U-ILD had 

a higher rate of respiratory hospitalisation (IRR=4.4, 95% CI 2.7–7.5, p<0.001) and 

increased risk of death (aHR=2.4, 95% CI 1.9–3.0, p<0.001). Increasing ILA grade 

was associated with higher modified Medical Research Council dyspnoea scores 

(OR=1.1, 95% CI 1.0–1.1, p=0.02).

Conclusions: In a lung cancer screening setting, an ILA scoring system focused on 

lobar traction bronchiolectasis identifies more high-risk participants and 

demonstrates improved interobserver concordance than the ATS classification. TBe 

identifies participants with a respiratory phenotype who may warrant further 

investigation and follow up. 

Word count: 241 / 250
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Introduction

Lung cancer screening (LCS) programs are expanding worldwide. The UK 

government anticipates that once fully rolled out, by 2030, the national screening 

program will enroll more than 300,000 participants every year, generating almost one 

million scans annually [1]. The overwhelming majority of participants will not have 

lung cancer diagnosed. But the low dose computed tomography (LDCT) scan they 

receive may contain incidental findings such as interstitial lung abnormalities (ILA).

ILAs are a common finding in smoking cohorts with meta-analyses estimating a 7% 

prevalence in LCS populations [2–4]. Demographic factors such as advanced age 

and smoking history confer increased risk [5]. ILAs may represent a precursor to, or 

an early stage of interstitial lung disease (ILD), and a proportion are reported to 

progress to ILD at follow up [2]. They are also increasingly recognised as important 

clinical entities in their own right, given reported associations with reduced lung 

function, increased respiratory symptoms, and increased mortality [6, 7]. 

A Position Paper from the Fleischner Society proposed criteria for ILA classification 

[8] which with slight modifications have now been ratified in an Official American 

Thoracic Society (ATS) Clinical Statement [9]. The ATS definition of an ILA requires 

bilateral and non-dependent ground-glass, and reticular opacities involving >5% of a 

lung zone. Fibrotic ILAs comprise honeycombing and/or reticulation with traction 

bronchiectasis involving >5% of a lung zone and <5% of total lung volume by visual 

estimate. ILD for those with ILAs in the ATS statement included “honeycombing 

and/or reticulation with traction bronchiectasis involving >5% of total lung volume by 

visual estimate”, or the presence of a major fibrotic pattern, or diffuse ground glass 
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abnormalities. The presence of traction bronchiolectasis was explicitly excluded from 

criteria that determine the presence of fibrosis, as evidence for its prognostic 

importance was felt to be lacking. 

A focus on advanced fibrotic features (honeycombing and traction bronchiectasis) 

when defining early disease, and the requirement of >5% lung involvement, may 

result in an underestimation of the prevalence of early fibrosing ILD. Traction 

bronchiolectasis, comprising dilatation of airways in the peripheral 2 cm of the lung, 

is an imaging pattern recognized by experts as indicating the presence of a fibrosing 

ILD [10], despite being omitted from the ATS Statement. 

A prior pilot study evaluated the feasibility of applying traction bronchiolectasis based 

criteria on screen detected ILAs, using a lobar, rather than a zonal or lung volume 

percentage based approach. This showed good interobserver agreement, and strong 

associations with mortality [11, 12].

With the increasing adoption of LCS worldwide, there is growing urgency around 

improving radiological classification of ILAs to distinguish which participants need 

onward referral. Here, we describe a modified ILA classification system developed to 

identify both ILA and undiagnosed ILD based on the presence and lobar extent of 

traction bronchiolectasis and explore its clinical associations. 
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Methods

Study population

The SUMMIT Study was a longitudinal, prospective, cohort study investigating the 

deliverability of low dose CT screening for lung cancer in a high-risk population in 

London, United Kingdom (NCT03934866). Participants aged 55–77 were enrolled 

from April 2019 to March 2020. Ethical approval for the SUMMIT Study and ongoing 

analyses was obtained from an NHS Research Ethics Committee (17/LO/2004) and 

the NHS Health Research Authority's Confidentiality Advisory Group (18/CAG/0054).

Baseline LDCT scan data were used for visual assessment. Participants were first 

screened for eligibility by trial staff by telephone, after which they were invited to an 

in-person baseline lung health check appointment (LHC). Demographic, smoking, 

and medical history data were collected at the LHC, including: self-reported ethnicity, 

smoking status, smoking duration, smoking dose (pack years, PY), body mass index 

(BMI), self-reported chronic obstructive pulmonary disease (COPD) diagnosis, 

spirometry data, and modified Medical Research Council dyspnoea score (mMRC). 

Respiratory hospitalisations were defined as any admission to hospital from with 

either the primary or secondary diagnosis coded from International Classification of 

Diseases-10 as ‘Diseases of the Respiratory System’, using Hospital Episode 

Statistics from NHS England at year 1 and year 2. Spirometry data collection was 

discontinued from 19 March 2020, because of COVID-19 restrictions. Age, gender 

and socioeconomic deprivation measured by Indices of Multiple Deprivation (IMD) 

rank (described in Supplementary Materials) were collected from primary care 

records. 
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Participants with known ILD, as well as participants with lung cancer identified at 

baseline scan, were excluded from the analysis. Mortality data were collected 

through study linkage with the National Disease Registration Service from NHS 

Digital. Further details on the study protocols of the SUMMIT study have been 

published previously [13, 14].

External validation population

A study population from the Targeted Lung Health Check (TLHC) program in 

Southampton was used for validation of the clinical and survival findings from 

SUMMIT. The TLHC program, designed as a pilot for the roll out of lung cancer 

screening (LCS) in the UK, had eligibility criteria closely mirroring that for SUMMIT, 

enrolling participants aged 55–77, and meeting a 6-year lung cancer risk of ≥1.51% 

(PLCOm2012 [15]). For the Southampton cohort, ethical approval was obtained from 

the London-Hampstead Research Ethics Committee (REC: 17/LO/2037). 

Baseline LDCT scans in Southampton TLHC subjects referred to clinical services on 

the basis of interstitial change identified by local thoracic radiologists were selected 

for assessment. These CTs were rescored by a study radiologist (JJ) using the new 

ILA classification. The same clinical data as in SUMMIT were collected, except IMD 

measures which were not available.

Definition of lobar traction bronchiolectasis score

We developed a four-point lobar TBe score based on the presence of traction 

bronchiolectasis. Traction bronchiolectasis was defined as dilated bronchioles in the 

peripheral 2cm of lung occurring within areas of reticulation and/or ground glass 

opacification (GGO). For ILA to be present, damage had to exist in more than one 
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lobe. No ILA therefore included GGO or reticulation in a maximum of one lobe. For 

the ILA categories, Non-fibrotic ILA (NF-ILA): included non-dependent GGO and/or 

reticulation in two or more lobes, with no traction bronchiolectasis. Fibrotic ILA (F-

ILA) used the same criteria as NF-ILA but with traction bronchiolectasis evident in 1 

or 2 lobes. Undiagnosed fibrotic ILD (U-ILD) again used the same criteria as NF-ILA 

but with traction bronchiolectasis present in 3 or more lobes (Figure 1). The lingula 

segment of the left upper lobe was considered a separate lobe.

Assessment of concordance

SUMMIT scans were split into two sets and scored independently by two expert 

thoracic radiologists (JJ:16 years’ experience; DY: 10 years’ experience). All ILA 

cases and a random selection of 10% of the no ILA cases scored by one radiologist 

were rescored by the other radiologist. The final reviewed dataset underwent 

consensus review. The scoring process is outlined in Supplementary Materials 

(Supplementary methods, Figure E2). Methods of analysis of concordance in 

subgroups are also outlined in Supplementary Materials.

Comparison with ATS Statement Classification

All cases were scored using the TBe score and the ATS Statement classifications 

(Supplementary Figure E2). All participants identified by ATS as ILD were compared 

with participants identified by TBe as U-ILD, excluding those already identified by 

ATS as ILD. We also compared those classified by TBe as U-ILD with those 

classified by ATS as F-ILA. 

Furthermore, clinical characteristics were compared between those classified as F-

ILA by both systems, and those classified as F-ILA by TBe only, those classified as 
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F-ILA by ATS only. Similarly, clinical characteristics were compared between those 

classified as ILD by both systems, those classified as U-ILD by TBe, and those 

classified by ILD by ATS. These comparisons are listed in Supplementary Table 

E10.

The ATS classification includes the use of symptom or spirometry-based criteria, in 

addition to imaging domains. Only pre-bronchodilator spirometry data were available, 

but this was used to complete an additional sensitivity analysis based on whether 

spirometry-based criteria to the ATS classification modified the findings compared to 

the imaging domains only. For this, the definitions of the TBe score and ATS 

classification as above were modified so that participants who met radiological 

criteria for NF-ILA or F-ILA and had pre-bronchodilator FVC <80% predicted were 

classified as U-ILD.

Statistical methods 

Clinical characteristics

To investigate the relationship between the TBe score and clinical characteristics, 

the score was classed as an ordinal variable, ranging through no ILA, non-fibrotic 

ILA, fibrotic ILA and undiagnosed ILD. Predictors were selected a priori based on 

published literature of associations with ILA and ILD, as well as clinical plausibility. 

Details of feature selection are included in the Online Data Supplement. Proportional 

odds assumptions were assessed using the Brant test [16]. Variables which violated 

the proportional odds assumption were modeled with threshold-specific effects using 

a partial proportional odds model. The remaining variables were modelled with a 

single effect estimate. Potential collinearity between lung function measures were 
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assessed with correlation matrices, as well as variance inflation factors. 

Interobserver agreement was calculated using weighted and unweighted Cohen’s 

kappa. 

Respiratory hospitalisations

Poisson regression models were used to assess the relationship between baseline 

TBe classification and subsequent respiratory hospitalisations during follow up. 

Where significant overdispersion was present, negative binomial regression models 

were chosen. Models were adjusted for the clinical variables of age, gender, 

smoking status, smoking dose (PY), BMI, FEV₁, FVC, COPD diagnosis at baseline, 

as well as varying follow up times using a time offset. Incidence rate ratios (IRRs) 

were reported to quantify the relative increase in hospitalisation risk across TBe 

categories.

Mortality

The hazard of overall death was modelled using a Kaplan-Meier estimator, with log-

rank tests for trend comparing survival distributions across ordered TBe classification 

groups, assessing the progressive relationship between TBe grade and survival. 

Multivariable survival analyses were performed using Cox proportional hazards 

models, and included age, gender, smoking status, smoking duration, and FEV₁, 

selected a priori, as described previously. Proportional hazards assumptions were 

assessed using Schoenfeld residuals for individual variables graphically and globally. 

Sample size calculation was performed to ensure that the data contained an 

adequate number of events per variable for reliable estimation [17].
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Results

Clinical characteristics of study population 

8,169 participants were included in the SUMMIT analysis. The median age was 66 

years (interquartile range, IQR: 60–70), and 40% of participants were of female 

gender (Table 1, Supplementary Figure E1). Median follow up time was 5.0 years 

(IQR: 4.7–5.2), representing 38,460 person-years at risk. Using the TBe score, 344 

participants were classed as undiagnosed ILD (4.2%), 405 with fibrotic ILA (5%), 667 

with non-fibrotic ILA (8.2%), and the remaining 6753 with no ILA (83%). 

Violations of proportional odds assumptions for age and FVC% required 

implementation of a partial proportional odds model to estimate associations with 

increasing TBe grade. TBe grade increase is defined as a progression of no ILA, NF-

ILA, F-ILA and U-ILD. Odds ratios (OR) at the thresholds between grades were 

reported: threshold 1 represents the OR between no ILA and any ILA, threshold 2 

the OR between NF-ILA and F-ILA, and threshold 3, the OR between F-ILA and U-

ILD. 

Every decade of increasing age was associated with greater odds of increased TBe 

grade (OR ranging from 2.4 to 3.3, p<0.001, Table 2). Male gender was associated 

with increased odds of a higher grade of TBe (OR = 1.5, 95% CI: 1.3–1.7, p<0.001), 

as was each 10 kg/m2 of increasing BMI (OR = 1.3, 95% CI: 1.2–1.5, p<0.001). 

Smoking status and smoking dose did not demonstrate associations with TBe grade.
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Breathlessness and spirometry

Increasing breathlessness as measured by the mMRC Dyspnoea Scale was 

associated with increasing TBe grade (OR=1.1, 95% CI: 1.0–1.2, p=0.02). FVC % 

predicted was not associated with increasing grade  from no ILA to any ILA (OR = 

1.0, 95% CI: 1.0–1.1, p=0.3). FVC was similarly not different between participants 

without ILA and NF-ILA, and participants with fibrotic patterns (F-ILA and U-ILD) (OR 

= 1.0, 95% CI: 0.9–1.0, p=0.3). However, lower FVC was associated with U-ILD (OR 

= 0.9, 95% CI: 0.9–1.0, p=0.005) compared to those with no ILA, NF-ILA and F-ILA. 

The absolute difference in FVC % predicated between participants without ILA 

(median 86%, IQR: 72–98%) and those with U-ILD (median 84%, IQR: 74–97%) was 

small.

Higher FEV₁/FVC ratios were associated with increasing TBe grade (OR=1.2, 95% 

CI: 1.1–1.2, p<0.001). FEV₁/FVC and FVC had a negative interaction (β = -0.053, 

standard error = 0.013, p<0.001). 

Respiratory hospitalisations

Participants with no ILA had 14.8 respiratory hospitalisations per 1000 person-years, 

whilst participants with NF-ILA had 18.1, those with F-ILA had 17.4, and those with 

U-ILD had 35.9 (Table 3). In a negative binomial regression, participants with U-ILD 

had higher incidence rate ratio (IRR) for respiratory hospitalisations compared to 

those without ILA (IRR=4.4, 95% CI: 2.7–7.5, p<0.001). Participants with non-fibrotic 

ILA (IRR = 1.6, 95% CI: 1.0–2.5, p=0.03) and fibrotic ILA (IRR=1.9, 95% CI: 1.1–3.3, 

p=0.01) also had increased respiratory hospitalisation rates compared to those 

without ILA. Age, smoking dose, reduced FEV₁/FVC, reduced FVC, and COPD 
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diagnosis were also associated with increased respiratory hospitalisation 

(Supplementary Table E3).

Overall survival probability

Kaplan-Meier estimates showed decreased survival probability with increasing TBe 

grade (log-rank test for trend p<0.0001, Supplementary Figure E3). In Cox 

proportional hazards models, after adjustment for age, gender, BMI, smoking status, 

smoking dose (PY), COPD diagnosis at baseline, and FEV₁, TBe U-ILD was 

associated with an adjusted Hazard Ratio, aHR=2.4 (95% CI: 1.9–3.0, p<0.001, 

Table E2) compared to those with no ILA.

Classification performance

Interobserver concordance

2,282 cases which underwent consensus review were used to assess concordance 

(Supplementary Figure E2). The TBe classification had excellent interobserver 

agreement (weighted kappa = 0.90, 95% CI: 0.89–0.91). This was improved 

compared to the ATS criteria (weighted kappa = 0.80, 95% CI: 0.78–0.83). When 

comparing unweighted kappa statistics, metrics for the TBe classification (0.76 [95% 

CI: 0.74–0.79]) was higher compared to the ATS criteria (0.70 [95% CI: 0.67–0.73]). 

Both the new TBe classification and the ATS Society classification showed stability 

in concordance within the analyzed subgroups of age, gender, ethnicity, smoking, 

and socioeconomic deprivation as measured by IMD (Figure 2). 
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Comparison with ATS Classification

The participants in each TBe/ILA category were cross tabulated for comparison 

(Figure 3, Table E3). Of the 8,169 participants, 88% (7,227) were concordantly 

classified. 11% (916) participants had a TBe classification higher than that of the 

ATS classification. 

ATS classified 2.6% (185) of participants as U-ILD, whereas TBe classified 4.2% of 

participants (344) as U-ILD. The majority of ATS U-ILD (164) were concordantly 

classified by TBe, whereas an additional 180 participants were classified as U-ILD by 

TBe only, meaning that TBe classified 86% more U-ILD cases compared to ATS. 

Participants who were additionally classified by TBe as U-ILD and had not been 

classified by ATS as U-ILD had similar survival to those classified by ATS as U-ILD 

(ꭓ²=1.7, p=0.2, Supplementary Figure E6).

Participants classified as F-ILA or U-ILD by the TBe score showed similar clinical 

characteristics to those classified as U-ILD by the ATS Classification (Supplementary 

Table E4 and E5). Only 26 participants (0.3%) had a TBe classification of lower 

grade than that of the ATS Classification, of which 21 were classified using ATS as 

ILD based on non-infective ground glass changes considered extensive enough to 

represent ILD.

Sensitivity analyses with spirometry criteria was performed, where participants with 

radiological NF-ILA and F-ILA with FVC <80% were classified as U-ILD. Similar 

findings were seen, where TBe identified 69% more participants as U-ILD compared 

to ATS criteria (271 vs 392 participants, Figure E11). Similarly, increasing dyspnoea 

remained associated increasing TBe grade (Table E16). The trend for increasing 
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respiratory hospitalizations with increasing TBe grade was also preserved (Table 

E17 and Table E18). 

Replication of findings in external data

Clinical characteristics and survival of patients classified using the TBe classification 

were similar between those in the development LCS dataset (SUMMIT) and the 

Southampton TLHC cohort (Table E8). In ordinal logistic modelling, increasing TBe 

grade was similarly associated with increasing age (OR=2.6, 95% CI 1.4–4.9, 

p=0.003), male gender (OR=4.3, 95% CI 2.3–8.3, p<0.001) and lower FVC (OR = 

0.67, 95% CI 0.51–0.88, p=0.004; Table E9). Although no association with mMRC 

was found (OR=1.2, 95% CI 0.87–1.7, p=0.2), a reduced diffusing capacity for 

carbon monoxide (DLCO) was associated with increasing TBe grade (OR=0.69, 95% 

CI 0.57–0.82, p<0.001).

Participants with no ILA had the lowest rate of respiratory admission (14 admissions 

per 1000 person-years) compared to those with NF-ILA, F-ILA, and U-ILD (106, 38 

and 55 admissions per 1000 person-years respectively, Table E10). In negative 

binomial regression models, participants with NF-ILA had a higher IRR of respiratory 

hospitalisation compared to those without ILA (IRR=4.4, 95% CI 1.1–22, p=0.05, 

Table E11), although the wide confidence interval points to a sparse data bias. No 

association was seen in those with F-ILA (IRR=1.3, 95% CI 0.23–7.5, p=0.8) and U-

ILD (IRR=1.7, 95% CI 0.44–8.6, p=0.5). 

The survival probability of participants identified as U-ILD was similar at 3 years 

between both LCS cohorts (SUMMIT, 0.88 [95% CI: 0.84–0.91], Southampton 

TLHC, 0.86 [95% CI: 0.79–0.94], Table E12). 
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Discussion

In this analysis, we describe a new ILA classification based on lobar traction 

bronchiolectasis (TBe score) developed in a large lung cancer screening cohort. 

Participants can be classified using our criteria with excellent interobserver 

concordance. Those with ILA and U-ILD are more breathless, have more respiratory 

hospitalisations, and a higher risk of death, compared to those without ILA. These 

findings have implications for lung cancer screening programmes to inform 

management pathways and recruitment into research studies for incidentally 

detected ILD.

To emphasise the detection of early disease phenotypes, the key imaging feature 

delineated in our TBe score was traction bronchiolectasis, an early manifestation of 

fibrosis. Traction bronchiolectasis has been linked to an increased risk of ILA 

progression to ILD, and its presence has been associated with genetic variants of 

MUC5B, which has a strong association with ILDs such as idiopathic pulmonary 

fibrosis (IPF) [19, 20]. Advances in CT scanner technology over the past 10 years 

have also allowed improved detection of traction bronchiolectasis when compared to 

the CT imaging acquired in the bioresources that largely informed the Fleischner 

Society and ATS ILA classification, such as the COPDGene study [21, 22].

Prior studies have demonstrated that the extent and progression of traction 

bronchiectasis and bronchiolectasis are associated with lung volume restriction, 

decline in gas exchange, and overall survival among participants with ILAs [23]. Hata 

et al [23] proposed the traction bronchiectasis index (TBI) as a severity-based tool 

for risk stratification in ILA populations. In contrast, our TBe score was designed as a 

complementary and categorical approach focused on the lobar distribution rather 
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than severity of traction bronchiolectasis. This was intended to enhance 

interpretability and applicability in lung cancer screening settings, where widespread 

subtle abnormalities are common and volume estimation can be challenging.

The recent ATS clinical statement [9] requires visual quantification of appropriate 

imaging features that involve >5% of a lung zone (for NF-ILA and F-ILA) and >5% of 

total lung volume for ILD. Although the ATS statement acknowledged that the 5% 

threshold of lung zone needs additional supporting data, no rationale was available 

to suggest an alternative. In contrast to the Fleischner and ATS ILA classification, 

the TBe score does not require assessment of lung volume percentages, which are 

challenging to estimate and replicate. Indeed, for the ATS definition of ILD, observer 

agreement is likely to be particularly challenging as it relies upon summing volumes 

of features which may exist in a number of different lobes. The ATS ILA classification 

also includes symptom and spirometry-based criteria as well as imaging domains. 

Whilst only pre-bronchodilator FVC was available (DLCO was unavailable) in our 

cohort, sensitivity analysis using both spirometry and imaging comparing TBe and 

ATS systems did not substantially change our results.

The prevalence of ILA or U-ILD in our cohort, whether classified by the TBe score 

(17%) or by the ATS classification (11%) was higher than previously reported. The 

difference in prevalence between the two classification systems is perhaps not 

surprising, because the TBe score did not require a minimum involvement of 5% of a 

lung zone for ILA classification. Indeed, removing the obstacle of having to be able to 

accurately determine lung volume involvement of ILA was a prime motivating factor 

for developing the TBe score. The higher prevalence of ILAs detected using our TBe 

score may mean more referrals and downstream investigations of patients 
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undergoing lung cancer screening. Nevertheless, our analyses demonstrate as a key 

outcome how the increased detection of ILA still identifies participants who are more 

breathless, have higher rates of respiratory hospitalization, and are at higher risk of 

death. This emphasizes that the higher TBe score prevalence represents the 

detection of more patients with symptoms and outcomes that an ILA classification 

should be finding. 

In comparing the ILA or U-ILD prevalence in our cohort to previous reports in other 

populations, the most relevant classification is the ATS classification, since this 

clinical statement aligns most with the definitions used in the published literature. 

The total prevalence by the ATS classification of any ILA or U-ILD in our cohort was 

11%, which is higher than the meta-analysed estimate in LCS cohorts of 7% [3]. 

When we interrogated the reported characteristics of the meta-analysed populations, 

we find that our cohort is older (by around 4.4 years) and more male (by around 2%). 

Since both age and gender are known associations with ILA, when we adjust the 

ATS classification prevalence in our SUMMIT population by the appropriate 

adjustment factors, we derive a prevalence of 6.9%. That is, if our SUMMIT 

population had the same age distribution and gender balance of those in the 

reported LCS meta-analysis, the ATS classification ILA prevalence would be 6.9%, 

very close to the reported 7% meta-analysis prevalence (Online Data Supplement 

Results).  Importantly, participants classified as U-ILD by our TBe score who were 

deemed low risk by the ATS classification (non-fibrotic ILA) had similar survival than 

those who were concordantly classified as U-ILD, demonstrating the ability of the 

TBe score to better prognosticate their survival.
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Spirometry revealed a complex relationship with ILA grade, with interaction between 

FEV₁/FVC and FVC. This interaction suggests that restrictive spirometry patterns 

(with low FVC, and preserved or elevated FEV₁/FVC) are more strongly associated 

with higher ILA grade than obstructive patterns and underscores that the 

interpretation of the decreasing FVC with undiagnosed ILD depends upon 

FEV₁/FVC.

Our findings of increased risk of death remain consistent in an external validation 

lung cancer screening dataset also from the UK. DLCO data in this cohort, which 

were not available in our discovery cohort, show a strong association between 

increasing ILA grade and decreasing DLCO. This is consistent with previously 

published evidence that DLCO decrease may be one of the earliest spirometric 

associations of ILA [19], a finding supported by the fact that a reduced FVC was not 

seen until the final threshold of ILA grade in our discovery cohort.

A methodological strength of our analysis here is the use of partial proportional odds 

models. Whilst introducing complexity, this allows for the modeling of changing effect 

sizes between classes, reducing reliance on proportional odds assumptions which 

are often violated in clinical research. Subgroup analyses of our classification system 

for protected characteristics such as sex and ethnicity demonstrated that it achieved 

good stability, with no difference in interobserver concordance between groups. 

Our study has some important limitations. Throughout the study, related hypotheses 

across multiple domains (hospitalisations, breathlessness, and mortality) were 

tested, as a validation of the construction of this validation system. Interpretation of 

confidence intervals and p-values should take this into context. Only two thoracic 

radiologists scored all the scans in this analysis, and more precise estimates of 
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interobserver concordance will require further validation with other readers. 

Furthermore, the same radiologists who developed the TBe system scored the 

scans, which could be a source of bias favoring the TBe system. The absence of 

cause-specific mortality data limits our ability to determine whether the excess 

mortality associated with ILA was attributable to respiratory causes such as fibrosis, 

or whether ILAs are associated with excess comorbidity. However, our finding that 

respiratory hospitalisations are increased in participants with ILA, with risk increasing 

with grade of ILA, suggests that the burden of clinical symptoms in these patients is 

indeed respiratory. The size of our external validation dataset was small, meaning 

that only unadjusted mortality findings were replicated, given the sample size 

limitations on the number of possible parameters, with no consistent effect for 

respiratory hospitalisations seen due to its limited power. There were minimal 

numbers of participants with non-fibrotic and fibrotic ILAs, meaning power was 

limited to detect effects for these groups. The selection of participants in our 

validation cohort, being those referred on to the ILA evaluation service, presents a 

potential source of selection bias, but likely one that underestimates potential effects. 

However, it was chosen because of its comparable geography and setting, as a lung 

cancer screening setting in the UK.

In conclusion, with the increasing adoption of lung cancer screening, there is a new 

urgency for simple, practical criteria to stratify the findings of ILA on low dose CT. 

Criteria which are simple to apply with radiological information only, have excellent 

interobserver concordance, and which identify relevant clinical phenotypes, have the 

potential to broaden the reach and impact of lung cancer screening programs. 
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Tables

Characteristic Overall, 

n=8169 (100%)

No ILA, 

n=6753 

(82.6%)

NF-ILA, n=667 

(8.2%)

F-ILA, n=405 

(5.0%)

U-ILD, n=344 

(4.2%)

Age, y 66 (60, 70) 65 (60, 70) 67 (62, 72) 69 (64, 73) 70 (66, 74)

Gender, 

female

3,274 (40%) 2,794 (41%) 236 (35%) 143 (35%) 101 (29%)

Smoking, py 40 (32, 51) 40 (32, 51) 41 (33, 51) 41 (33, 51) 43 (34, 56)

    Unknown 71 60 5 3 3

Smoking 

status, current

4,004 (49%) 3,409 (50%) 290 (43%) 155 (38%) 150 (44%)

Smoking 

duration, y

45 (40, 50) 45 (40, 50) 46 (41, 52) 46 (40, 51) 48 (43, 53)

BMI, kg/m² 27.3 (24.2, 

30.7)

27.1 (24.1, 

30.6)

27.7 (24.6, 

31.4)

28.4 (25.4, 

31.3)

28.0 (25.1, 

31.1)

Ethnicity

    Asian 782 (9.6%) 660 (9.8%) 48 (7.2%) 37 (9.1%) 37 (11%)

    Black 499 (6.1%) 431 (6.4%) 32 (4.8%) 15 (3.7%) 21 (6.1%)

    Mixed 178 (2.2%) 155 (2.3%) 12 (1.8%) 8 (2.0%) 3 (0.9%)

    Other 229 (2.8%) 208 (3.1%) 10 (1.5%) 7 (1.7%) 4 (1.2%)

    White 6,481 (79%) 5,299 (78%) 565 (85%) 338 (83%) 279 (81%)

Baseline 

COPD 

diagnosis

1,956 (24%) 1,591 (24%) 168 (25%) 97 (24%) 100 (29%)

FEV₁, %pred 77 (63, 89) 77 (63, 89) 79 (68, 90) 80 (68, 90) 77 (64, 88)

    Unknown 825 749 38 18 20
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FVC, %pred 87 (75, 98) 87 (75, 98) 89 (78, 100) 89 (79, 99) 85 (73, 98)

    Unknown 825 749 38 18 20

FEV₁/FVC 70 (62, 76) 70 (62, 75) 69 (62, 75) 70 (63, 76) 70 (63, 77)

    Unknown 825 749 38 18 20

mMRC 

Dyspnea 

Score

    0 2,645 (33%) 2,220 (33%) 214 (33%) 120 (30%) 91 (27%)

    1 3,539 (44%) 2,919 (44%) 286 (44%) 181 (46%) 153 (46%)

    ≥2 1,846 (23%) 1,513 (23%) 149 (23%) 93 (24%) 91 (27%)

    Unknown 139 101 18 11 9

IMD rank 

quintile

    1 2,620 (32%) 2,156 (32%) 213 (32%) 134 (34%) 117 (34%)

    2 2,420 (30%) 2,024 (30%) 198 (30%) 98 (25%) 100 (29%)

    3 1,443 (18%) 1,178 (18%) 121 (18%) 82 (21%) 62 (18%)

    4 1,201 (15%) 997 (15%) 93 (14%) 62 (16%) 49 (14%)

    5 402 (5.0%) 326 (4.9%) 37 (5.6%) 23 (5.8%) 16 (4.7%)

    Unknown 83 72 5 6 0

Follow-up 

time, years

4.98 (4.73, 

5.19)

4.98 (4.73, 

5.19)

4.97 (4.72, 

5.19)

5.00 (4.77, 

5.19)

4.87 (4.54, 

5.11)

    Unknown 82 68 3 3 8

Total 

respiratory 

admissions

619 473 59 34 53

Death during 

follow-up

727 (9.0%) 533 (8.0%) 76 (11%) 37 (9.2%) 81 (24%)
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Unknown 82 68 3 3 8

Table 1. Demographics and clinical characteristics of study participants. NF-ILA, 

non-fibrotic ILA; F-ILA, fibrotic ILA; U-ILD, undiagnosed ILD. Continuous variables 

presented as median (IQR); categorical variables presented as n (%). 
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OR (95% CI) p-value OR for ILA grades*

2.4 (2.1–2.6) <0.001 Any ILA vs None

2.8 (2.5–3.3) <0.001 NF-ILA/U-ILD vs NF-

ILA/None

Age, 10 y

3.3 (2.8–4.1) <0.001 U-ILD vs All Others

Gender, male 1.5 (1.3–1.7) <0.001 All

Smoking Status 0.9 (0.8–1.0) 0.168 All

Smoking dose, 10 py 1.0 (1.0–1.0) 0.808 All

BMI, 10 kg/m² 1.3 (1.2–1.5) <0.001 All

1.0 (1.0–1.1) 0.332 Any ILA vs None

1.0 (0.9–1.0) 0.342 NF-ILA/U-ILD vs NF-

ILA/None

FVC, 10 %pred†

0.9 (0.9–1.0) 0.005 U-ILD vs All Others

FEV₁/FVC‡ 1.2 (1.1–1.2) <0.001 All

mMRC Dyspnoea 

Scale

1.1 (1.0–1.2) 0.009 All

FVC %pred × 

FEV₁/FVC§

0.9 (0.9–1.0) <0.001 All

* Multiple ORs for variables violating proportional odds assumption

† FVC % predicted centered around 100%

‡ FEV₁/FVC ratio centered around 0.75

§ Interaction term between FVC % predicted and FEV₁/FVC ratio
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Table 2. Partial proportional odds model of increasing ILA grade. Thresholds 

reported for variables with non-proportional odds. Where parameters violate the 

proportional odds assumption, specific odds ratios (OR) given for comparisons 

between specific grades. BMI, body-mass-index; FEV₁, forced expiratory volume in 

first second; FVC, forced vital capacity; mMRC, modified Medical Research Council 

Dyspnoea scale.
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Respiratory Hospitalizations Overall SurvivalILA 

category 

(N)
Total 

respiratory 

admissions

Respiratory 

admissions 

rate (95% CI)*

IRR 

(95% 

CI)†

p-value Deaths Person-

years 

at risk

HR 

(95% 

CI)‡

p-

value

No ILA 

(6685)

473 14.83 (13.5–

16.2)

— — 533 31,895 — —

NF-ILA 

(664)

59 18.81 (14.3–

24.3)

1.61 

(1.04–

2.49)

0.025 76 3,136 1.34 

(1.05–

1.70)

0.020

F-ILA 

(402)

34 17.42 (12.1–

24.3)

1.89 

(1.10–

3.25)

0.012 37 1,952 0.95 

(0.68–

1.34)

0.8

U-ILD 

(336)

53 35.88 (26.9–

46.9)

4.44 

(2.67–

7.48)

<0.001 81 1,477 2.37 

(1.87–

3.01)

<0.001

* Rate of respiratory admissions expressed per 1000 person-years (95% CI).

† IRR = Incidence Rate Ratio. Estimates from negative binomial regression model, adjusted 

for age, gender, smoking status, smoking dose, BMI, FEV₁/FVC, FVC % pred, and baseline 

COPD diagnosis.

‡ HR = Hazard Ratio. Estimates from Cox proportional hazards model, adjusted for age, 

gender, smoking status, smoking dose, BMI, FVC % pred, and baseline COPD diagnosis.

Table 3. Respiratory hospitalization numbers, rates, and incidence rate ratios by ILA 

category in the SUMMIT cohort as estimated by multivariate negative binomial 

Page 28 of 77
D

ow
nloaded from

 https://academ
ic.oup.com

/ajrccm
/advance-article/doi/10.1093/ajrccm

/aam
ag104/8513611 by Eastm

an D
ental Institute user on 21 M

arch 2026



regression. CI, confidence interval; IRR, incidence rate ratio. HR, Hazard Ratio; NF-

ILA, Non-fibrotic ILA; F-ILA, Fibrotic ILA; U-ILD, Undiagnosed ILD.
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Figures

Figure 1. Axial CT images of cases classified by TBe score as A) non-fibrotic ILA 

(NF-ILA), B) Fibrotic ILA (F-ILA), and C and D) undiagnosed ILD (U-ILD). In panel A, 

arrows point to bilateral foci of ground glass change. In panel B, the enlarged image 

shows a focus of traction bronchiolectasis (arrowhead) occurring on the background 
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of dense lung parenchyma. Panel C, shows a case where the American Thoracic 

Society (ATS) criteria showed discrepant reads whereby one radiologist designated 

this as no ILA and a second radiologist designated this non-fibrotic ILA. The 

consensus ATS read was non-fibrotic ILA. The TBe classification was UILD based 

on bronchiole dilatation within dense lung parenchyma in the right middle (arrow 1), 

lingula (arrow 2) and left lower lobes (arrow 3 and 4).Panel D shows a case 

concordantly classified as UILD by the TBe score and ILD by the ATS criteria with 

traction bronchiectasis and bronchiolectasis in the right middle (arrow 1), lingula 

(arrow 2) and left lower lobes (arrow 3) occurring on the background of ground glass 

opacities and reticulation.
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Figure 2. Comparison of interobserver agreement between methods including 

subgroup analyses in the SUMMIT cohort. Error bars represent weighted Cohen’s 

kappa statistics and 95% confidence intervals. BAME, Black, Asian and Minority 

Ethnic; PY, pack years; IMD, Indices of Multiple Deprivation.
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Figure 3. Cross tabulation of the cases classified by the new lobar traction 

bronchiolectasis (TBe) classification and the American Thoracic Society 

classification. Darker colours represent higher numbers of cases. NF-ILA: non-

fibrotic ILA; F-ILA: fibrotic ILA; U-ILD: undiagnosed ILD.
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Axial CT images of cases classified by TBe score as A) non-fibrotic ILA (NF-ILA), B) Fibrotic ILA (F-ILA), and 
C and D) undiagnosed ILD (U-ILD). In panel A, arrows point to bilateral foci of ground glass change. In 
panel B, the enlarged image shows a focus of traction bronchiolectasis (arrowhead) occurring on the 

background of dense lung parenchyma. Panel C, shows a case where the American Thoracic Society (ATS) 
criteria showed discrepant reads whereby one radiologist designated this as no ILA and a second radiologist 
designated this non-fibrotic ILA. The consensus ATS read was non-fibrotic ILA. The TBe classification was 
UILD based on bronchiole dilatation within dense lung parenchyma in the right middle (arrow 1), lingula 

(arrow 2) and left lower lobes (arrow 3 and 4). Panel D shows a case concordantly classified as UILD by the 
TBe score and ILD by the ATS criteria with traction bronchiectasis and bronchiolectasis in the right middle 
(arrow 1), lingula (arrow 2) and left lower lobes (arrow 3) occurring on the background of ground glass 

opacities and reticulation. 
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