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Abstract

Background—Recent studies have suggested that non-definitive patterns on high-resolution CT 

(HRCT) scan provide sufficient diagnostic specificity to forgo surgical lung biopsy in the 

diagnosis of idiopathic pulmonary fibrosis (IPF). The objective of this study was to determine test 

characteristics of non-definitive HRCT patterns for identifying histopathological usual interstitial 

pneumonia (UIP).

Methods—Patients with biopsy-proven interstitial lung disease (ILD) and non-definitive HRCT 

scans were identified from two academic ILD centres. Test characteristics for HRCT patterns as 

predictors of UIP on surgical lung biopsy were derived and validated in independent cohorts.

Results—In the derivation cohort, 64/385 (17%) had possible UIP pattern on HRCT; 321/385 

(83%) had inconsistent with UIP pattern. 113/385 (29%) patients had histopathological UIP 
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pattern in the derivation cohort. Possible UIP pattern had a specificity of 91.2% (95% CI 87.2% to 

94.3%) and a positive predictive value (PPV) of 62.5% (95% CI 49.5% to 74.3%) for UIP pattern 

on surgical lung biopsy. The addition of age, sex and total traction bronchiectasis score improved 

the PPV. Inconsistent with UIP pattern demonstrated poor PPV (22.7%, 95% CI 18.3% to 27.7%). 

HRCT pattern specificity was nearly identical in the validation cohort (92.7%, 95% CI 82.4% to 

98.0%). The substantially higher prevalence of UIP pattern in the validation cohort improved the 

PPV of HRCT patterns. Conclusions A possible UIP pattern on HRCT has high specificity for UIP 

on surgical lung biopsy, but PPV is highly dependent on underlying prevalence. Adding clinical 

and radiographic features to possible UIP pattern on HRCT may provide sufficient probability of 

histopathological UIP across prevalence ranges to change clinical decision-making.

Introduction

Idiopathic pulmonary fibrosis (IPF) is a progressive fibrosing interstitial lung disease (ILD) 

of unknown aetiology defined by the presence of usual interstitial pneumonia (UIP) pattern 

on lung biopsy.1 High-resolution CT (HRCT) has proven useful as a surrogate for surgical 

lung biopsy-proven UIP pattern, and HRCT is now accepted by the international practice 

guidelines as equivalent to surgical biopsy in selected cases with a definite UIP pattern on 

HRCT. The HRCT ‘definite UIP pattern’ demonstrates basilar/subpleural distribution of 

reticulation with or without traction bronchiectasis, subpleural ‘honeycomb’ cysts and the 

absence of features inconsistent with UIP pattern.1–7 Patients with definite UIP pattern on 

HRCT generally do not need to undergo surgical lung biopsy to establish the diagnosis of 

IPF, sparing them morbidity and mortality risk.8

Many patients with idiopathic ILD do not have a definite UIP pattern on HRCT.2,3, 5 Such 

patients require surgical lung biopsy for a guideline-based diagnosis of IPF, but a substantial 

number will forgo surgery (due to severity of illness or patient preference) and remain 

without a definitive diagnosis.1 These patients are variably referred to as ‘unclassifiable 

ILD’ or ‘possible IPF’.9

Patients without a ‘definite UIP’ pattern may be classified as either possible UIP (requires 

the presence of the same criteria for definite UIP but without features of honeycombing) or 

inconsistent with UIP (requires the presence of features inconsistent with UIP pattern).1 

There is uncertainty surrounding the appropriate management of these patients.9

Recent studies have looked at the positive predictive value (PPV) of non-definitive patterns 

on HRCT for a diagnosis of IPF, finding them to be highly predictive in patients with 

idiopathic disease.10–12 However, these studies have been performed in selected populations 

of patients with high (60–100%) prevalence of IPF, which may introduce spectrum bias and 

inflated test characteristics.10–13

Using a well defined, representative cohort of patients with biopsy-proven ILD without 

definite UIP pattern on HRCT, our objectives were to (1) determine the test characteristics of 

non-definitive HRCT patterns for histopathological UIP; (2) explore whether additional 

clinical and radiographic characteristics could improve these test characteristics; and (3) 
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develop and validate a diagnostic model to aid in the clinical and radiographic identification 

of histopathological UIP pattern in patients with non-definitive HRCTs.

Material and Methods

Study population

Patient data were obtained from cohorts at the University of California, San Francisco 

(UCSF, derivation cohort) and the Mayo Clinic, Rochester (validation cohort). The source 

population for the derivation cohort included all patients evaluated at the UCSF ILD clinic 

from September 2002 to July 2015, with all clinical diagnoses established through 

multidisciplinary team discussion.1 Inclusion criteria were availability of prospectively 

scored surgical lung biopsy and an HRCT scan within 1 year of the biopsy. Patients with a 

definite UIP pattern on HRCT, a diagnosis of connective tissue disease at the time of biopsy 

or a predominately cystic lung disease were excluded from the primary analysis cohort. The 

validation cohort included patients evaluated at the Mayo Clinic, Rochester between 

December 1999 and February 2016 with a pathological diagnosis of fibrotic ILD (IPF, 

nonspecific interstitial pneumonia, hypersensitivity pneumonia, desquamative interstitial 

pneumonia and unclassifiable or undifferentiated interstitial fibrosis). Inclusion and 

exclusion criteria were otherwise identical.

Radiological and clinical predictor variables

All eligible HRCT scans were deidentified. HRCTs in the UCSF cohort were reviewed 

independently by two experienced chest radiologists (BME and TSH), and HRCTs in the 

Mayo Clinic cohort were reviewed by a third expert chest radiologist (DW). Radiologists 

were blinded to histopathology results and clinical information. Published criteria were used 

to categorise HRCT scans as definite UIP, possible UIP or inconsistent with UIP pattern.1 

For HRCT scans categorised as possible UIP pattern, the extent of radiographic traction 

bronchiectasis was scored separately in each lobe (right upper, middle, and lower lobes and 

left upper, lingula, and lower lobes) as 0-absent, 1-mild, 2-moderate or 3-severe, and then 

summed to provide a total traction bronchiectasis score as previously described (for CT 

image examples see online supplementary figure S1).14–16 For HRCT scans categorised as 

inconsistent with UIP pattern, the inconsistent features were recorded as binary variables 

(yes/no). These features were upper/mid-lung predominance, peribronchovascular 

predominance, extensive ground glass opacities, profuse micronodules, discrete cysts in 

areas away from honeycombing, mosaic attenuation/air trapping in three or more lobes and 

consolidations.117 Clinical variables included were age, sex and smoking history (ever vs 

never smoker).

Histopathological diagnosis

All surgical lung biopsies were reviewed and interpreted prospectively by expert pulmonary 

pathologists and given a final histopathological diagnosis. For the purposes of this study, 

final histopathological diagnoses were retrospectively categorised as definite/probable UIP, 

possible UIP/unclassifiable pulmonary fibrosis (PF), or not UIP in concordance with 

published diagnostic criteria (see online supplementary table S1).1 The outcome 
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‘histopathologic UIP’ was considered positive for ‘definite/probable UIP’ and negative for 

‘possible UIP/unclassifiable PF’ or ‘not UIP’.

Statistical analysis

Test characteristics with 95% CIs were determined for possible UIP pattern on HRCT (alone 

and with additional covariates of age, sex and traction bronchiectasis score) and inconsistent 

with UIP pattern in both cohorts. Test characteristics included sensitivity, specificity, PPV, 

negative predictive value, area under the receiver-operator curve and positive likelihood 

ratios (LR+). To further demonstrate the effect of differing population prevalence rates (ie, 

differing pretest probabilities) of histopathological UIP on post-test probabilities, 

histopathological UIP prevalence rates were varied across a hypothetical range.1012 Several 

sensitivity analyses were performed: including cases with possible UIP/unclassifiable PF on 

histopathology as ‘positive’ outcome (ie, as equivalent to definite/probable UIP cases); using 

the clinical diagnosis of IPF rather than histopathological UIP as the outcome; including 

patients with diagnoses of a defined connective tissue disease (CTD) prior to biopsy; and 

using individual radiologist interpretations of HRCT pattern rather than consensus pattern.

To evaluate the added value of clinical and radiographic features for predicting 

histopathological UIP using non-diagnostic HRCT, the least absolute shrinkage and 

selection operator (LASSO) method18 was used to select the most important predictors 

among candidates. Candidate predictor variables included were age (categorically defined as 

ages ≥50 years, 60 years and 70 years), sex, smoking history (ever smoker vs never smoker), 

HRCT possible UIP pattern and HRCT possible UIP pattern with a total traction 

bronchiectasis score ≥4, (which was near the median score). Once key predictor variables 

were identified by LASSO, model coefficients were rescaled to develop a simplified point-

score model (the UIP score model). Model discrimination was evaluated by the C-statistic, 

and interval test characteristics were determined for each point score level. The UIP score 

model was then validated in the Mayo Clinic cohort. In an effort to identify radiographic 

features predictive of non-UIP histopathology, a second model was constructed in the 

subgroup with HRCTs that were inconsistent with UIP. Candidate predictor variables were 

each individual inconsistent HRCT feature, the presence of HRCT fibrotic features 

(reticulation, traction bronchiectasis and honeycombing), age, sex and smoking history.

Results

Patient characteristics

Four hundred and fifty-five patients with prospectively scored surgical lung biopsies and 

HRCT scans were identified in the derivation cohort and included in the study. Of these, 49 

had a definite UIP pattern on HRCT and 21 had documented CTD at the time of surgical 

lung biopsy. This left a primary study cohort of 385 patients (see online supplementary 

figure S2).

Cohort characteristics are summarised in table 1. Sixty-four patients (17%) had possible UIP 

pattern on HRCT; 321 (83%) had inconsistent with UIP pattern on HRCT. There was good 

agreement between radiologists for categorising HRCT patterns as definite, possible or 
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inconsistent with UIP (k=0.73; 95% CI 0.65 to 0.82). The most common clinical diagnosis 

in the derivation cohort was chronic hypersensitivity pneumonitis (HP) (n=101/385, 26%) 

and IPF (n=96/385, 25%). The prevalence of definite/probable UIP on surgical lung biopsy 

was 29% (113/ 385) (see online supplementary table S1 for other pathology designations).

Test characteristics of non-definitive CT patterns

A possible UIP pattern on HRCT demonstrated a specificity of 91.2% (95% CI 87.2% to 

94.3%), a PPV of 62.5% (95% CI 49.5% to 74.3%) and an LR+ of 4.01 (95% CI 2.54 to 

6.33) for definite/probable UIP on surgical biopsy (table 2). The most common alternative 

histopathological interpretations among patients that had a possible UIP pattern on HRCT 

but did not have definite/probable UIP on histopathology (n=24) included fibrotic non-

specific interstitial pneumonia (NSIP) with or without interstitial granulomas (n=9/24), 

prominent bronchiolocentric fibrosis with or without interstitial granulomas (n=5/ 24) and 

unclassifiable fibrosing interstitial pneumonia (n=6/24) (see online supplementary table S2). 

A possible UIP pattern on HRCT along with a total traction bronchiectasis score ≥ 4, 

increased age (ie, age ≥ 60 years) and male sex all increased the PPV and LR+ for definite/

probable UIP on surgical biopsy, but at the expense of reduced sensitivity (table 2).

Among patients who had HRCT scans inconsistent with UIP, 22.7% had definite/probable 

UIP on biopsy (table 2). The most common radiological features in patients with HRCT 

scans that were inconsistent with UIP were peribronchovascular distribution (44%), ground 

glass opacities (39%), mosaic perfusion/air trapping (23%) and upper-mid lung 

predominance (16%). The inconsistent features least associated with definite/probable UIP 

on biopsy were diffuse micronodules, consolidation and ground glass opacities (see online 

supplementary table S3).

Prediction of histopathological UIP pattern

In evaluating multivariate prediction models for histopathological UIP, the LASSO 

procedure selected the variables age (50–59 years or ≥ 60 years), male sex and HRCT 

possible UIP pattern with a total traction bronchiectasis score ≥4. A simple point-score 

extension of this model (the UIP score) is shown in table 3 (also see online supplementary 

table S4). The UIP score had good discriminative performance for histopathological UIP (C 

statistic 0.74, 95% CI 0.69 to 0.78). Models constructed in the subgroup with inconsistent 

with UIP pattern on HRCT (ie, excluding patients with possible UIP pattern on HRCT) did 

not provide sufficient predictive performance to rule in histopathological UIP for any 

combination of clinical and radiographic features (maximum model-estimated PPV 38%).

Sensitivity analyses

In sensitivity analyses, counting cases with histopathological possible UIP/unclassifiable PF 

as equivalent to definite/probable UIP in the outcome of ‘histopathologic UIP’ substantially 

increased the PPV/LR+ for possible UIP pattern on HRCT (see online supplementary table 

S5). We observed no improvement in PPV for possible UIP pattern on HRCT for the 

predicted outcome of a clinical diagnosis of IPF (rather than histopathological UIP) or by 

including those with a diagnosis of defined CTD prior to biopsy (see online supplementary 

table S5). Finally, results were similar when conducted by individual radiologist 

Brownell et al. Page 5

Thorax. Author manuscript; available in PMC 2017 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



interpretation of HRCT pattern rather than by consensus pattern (see online supplementary 

table S6) in our derivation cohort.

Validation and generalisability

The validation cohort contained 166 patients; the prevalence of definite/probable UIP on 

surgical lung biopsy was 67% (111/166) (see online supplementary figure S3). A possible 

UIP pattern on HRCT demonstrated similar specificity to the derivation cohort (92.7%, 95% 

CI 82.4 to 98.0) (table 2). Because of the much higher population prevalence of 

histopathological UIP (67% vs 29%), the PPV was greatly increased (94.4%, 95% CI 86.2 to 

98.4). The UIP score maintained good discriminative performance for histopathological UIP 

(C statistic 0.83, 95% CI 0.76 to 0.89).

The relationship of population prevalence of histopathological UIP to PPV of the UIP score 

is shown in figure 1, based on test characteristics (sensitivity and specificity) from the 

derivation cohort. For any given UIP score, PPV increases with increasing prevalence. For 

example, a UIP score of 4 has a PPV of 60% in a population with 40% prevalence of 

histopatho-logical UIP but a PPV > 80% in a population with 70% prevalence of 

histopathological UIP.

Discussion

In this study, we demonstrate that a possible UIP pattern on HRCT has high specificity for 

histopathological UIP, but that PPV is highly dependent on the clinician's pretest probability 

that the biopsy will show UIP. Fundamental components of pretest probability include 

individual patient information and disease prevalence in the relevant population. In high 

prevalence settings, a possible UIP pattern on HRCT may be sufficiently predictive of 

histopathological UIP to forgo a surgical lung biopsy. In lower prevalence settings, however, 

the inclusion of additional information (ie, age, sex and traction bronchiectasis score) is 

required to identify groups of patients with a high PPV for histopathological UIP.

As a predictor of histopathological UIP, HRCT pattern is used as a diagnostic test. Applying 

a diagnostic test to clinical decision-making requires the integration of three key pieces of 

information: (1) the threshold probability of the outcome at which the clinician would 

change his or her next-step action (eg, proceed to surgical lung biopsy or not); (2) the pretest 

probability of the outcome (often equal to the population prevalence); and (3) the diagnostic 

test's characteristics. We discuss each of these three components below.

Threshold probability

The threshold probability of UIP on biopsy, at which clinicians would be comfortable 

assuming the presence of histopathological UIP without proceeding to surgical lung biopsy, 

has not been clearly established for patients with suspected IPF. However, a definite UIP 

pattern on HRCT, with an estimated PPV of 90% for histopathological UIP, has been widely 

accepted as sufficiently predictive to serve as a surrogate for surgical lung biopsy.25 It 

therefore seems reasonable to assume this threshold probability for the purposes of further 

discussion.
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Pretest probability of histopathological UIP

Our derivation and validation cohorts had widely differing population prevalences (pretest 

probabilities) of histopathological UIP Previously published cohorts have generally been 

high. 10–1219 There are likely several reasons for these differences including geographical 

variation in disease frequency (the high prevalence of chronic HP in the UCSF cohort), inter-

rater differences among pathologists, and selection or spectrum bias. In contrast to previous 

studies, we included all patients undergoing surgical lung biopsy for workup of ILD, and in 

the case of the UCSF cohort, without any preselection by clinical diagnosis. Previous studies 

have been enriched for patients with IPF (and therefore histopathological UIP) due to 

including patients enrolled in IPF clinical trials1013 and/or excluding subjects based on other 

common clinical diagnoses.1213

Test characteristics of diagnostic test

Our data show that the PPVand LR+ of possible UIP is insufficient in some populations to 

push the probability of histopathological UIP above the threshold of 90%. Unless the 

population prevalence is 70% or higher, a more accurate diagnostic test is required. We 

identified two key clinical predictors (patient age and sex) and one additional radiographic 

predictor (total traction bronchiectasis score) that significantly increased the PPV of possible 

UIP on HRCT for histopathological UIP, and combined these predictors into the UIP score. 

Among patients with an inconsistent with UIP pattern on HRCT, we were unable to identify 

any combination of clinical and radiographic features with sufficiently high PPV to exceed 

the diagnostic threshold for histopathological UIP

It has been previously observed that older age predicts a clinical diagnosis of biopsy-proven 

IPF among patients with fibrosis on HRCT in a population with high IPF prevalence 

(70%).12 While the presence of traction bronchiectasis in patients with possible UIP pattern 

on HRCT has not been previously identified as a predictor of histopathological UIP pattern, 

it has been used as criteria for inclusion in IPF trials,20 and has previously been associated 

with poor outcomes in patients with fibrotic ILD.1516 The UIP score model can thus be used 

in areas of low or unknown UIP prevalence to identify patients with sufficiently high post-

test probability of histopathological UIP that clinicians would feel comfortable avoiding a 

surgical biopsy.

The lesson from clinical decision-making is that simply applying the PPV of a possible UIP 

pattern on HRCT without regard for the population prevalence in which it was derived and 

to which it is being applied risks drastically overestimating (or underestimating) the true 

PPV of the test in the patient under consideration. We recognise that many providers will not 

have detailed information on the local prevalence of histopathological UIP among patients 

with ILD with non-definitive HRCTs. In these situations, we suggest that the local 

prevalence of IPF among patients with ILD with non-definitive HRCTs may closely 

approximate that of histopathological UIP, as it did in both of our study populations and 

could be substituted. However, this should be considered with caution in centres that have 

not routinely used surgical lung biopsy in the diagnostic workup of patients with non-

definitive HRCT scans, since they may be unaware of the rates of competing 

histopathological diagnoses.
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Our study has several strengths, most critically the inclusion of a diverse group of unselected 

and well characterised patients undergoing surgical lung biopsy as part of their clinical 

evaluation for ILD. All patients had detailed clinical, radiological and pathological data 

available for this study, and all patients received a multidisciplinary diagnosis supported by 

clinical guidelines. A second strength is that we considered histopathological diagnosis as 

our outcome, rather than clinical diagnosis. We believe this is the more relevant outcome, 

and it avoids the issue of confirmation bias, in which the diagnostic test being studied 

informs the outcome of interest. Finally, we approached the diagnostic test analyses 

comprehensively, incorporating the effects of pretest probability, test characteristics and 

threshold limits to fully describe the use of HRCT pattern in clinical practice.

Due to the limitations of our retrospective study design, we were unable to fully account for 

other clinical variables that may affect pretest probability of histopathological UIP such as 

symptoms and serologies suggestive of autoimmune disease and exposures associated with 

HP. However, we believe that cases selected by treating ILD clinicians to undergo surgical 

lung biopsy presumably lacked adequate clinical evidence for an alternative diagnosis. Other 

limitations relate to generalisability (both study cohorts are tertiary referral centres and may 

be more likely to have atypical cases), and the unavailability of biopsy slides for re-review 

by multiple pathologists (allowing us to evaluate the sensitivity of test characteristics to 

interobserver variation in surgical lung biopsy interpretation). Systematic differences in 

pathologist interpretations (eg, one pathologist being systematically more or less likely to 

call UIP compared with another pathologist) would be expected to bias our results.

In conclusion, we demonstrate that the use of non-definitive patterns on HRCT as surrogates 

for surgical lung biopsy requires careful consideration of the principles of diagnostic tests 

and clinical decision-making, of which population prevalence (ie, pretest probability) is a 

central component. HRCT pattern alone (either possible UIP pattern or inconsistent with 

UIP pattern) is insufficiently predictive in lower UIP prevalence populations. The addition of 

clinical and radiological features through the use of the UIP score model may allow 

clinicians and clinical trialists to identify patients at sufficiently high probability of 

histopathological UIP pattern that surgical biopsy can be avoided. Indeed, it may be that IPF 

can be diagnosed in these cases if no alternative aetiology for histopathological UIP is 

identified. Similar logic supports the clinical diagnosis of IPF in patients with a definite UIP 

pattern on HRCT. Such a change in practice will need to await careful review by the ILD 

community.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key messages

What is the key question?

▸ What are the test characteristics of non-definitive high-resolution CT patterns for 

histopathological usual interstitial pneumonia?

What is the bottom line?

▸ This study demonstrates that a possible usual interstitial pneumonia pattern on high-

resolution CT has high specificity for histopathological usual interstitial pneumonia, but 

that positive predictive value is highly dependent on the underlying prevalence of 

histopathological usual interstitial pneumonia in the population.

Why read on?

▸ We show that in some settings, the inclusion of additional clinical and radiographic 

information to non-definitive imaging findings is required to identify groups of patients 

with a high probability of histopathological usual interstitial pneumonia.
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Figure 1. 
Plot demonstrates the probability of histopathological usual interstitial pneumonia (UIP), 

based on the interval likelihood ratios (LRs) from the University of California, San 

Francisco cohort, across hypothetical population prevalence rates of histopathological UIP 

for individual point levels of the UIP score model calculated from a patient's age (+2 points 

for age 50–59 years or +3 points for age ≥60 years), male sex (+1 points) and high-

resolution CT possible UIP pattern with a total traction bronchiectasis score ≥4 (+6 points) 

for a total of 10 possible points.
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Table 1
Cohort characteristics by HRCT pattern

HRCT HRCT

Possible UIP Inconsistent with UIP

Characteristic Derivation (n=64) Validation (n=71) Derivation (n=321) Validation (n=95)

Age in years, mean (SD) 65 (8) 68 (8) 59 (12) 61 (12)

Male sex, n (%) 40 (62.5) 47 (66.0) 134 (41.7) 50 (53.0)

Ever smoker, n (%) 36 (56.2) 42 (59.0) 174 (54.2) 47 (49.0)

Race/ethnicity, n (%)

 White or Caucasian 48 (75.0) 69 (97.0) 238 (74.1) 90 (95.0)

 Hispanic or Latino 9 (14.1) 2 (3.0) 31 (9.7) 2 (2.0)

 Asian 5 (7.8) 0 16 (5.0) 1 (1.0)

 Black or African 2 (3.1) 0 14 (4.4) 1 (1.0)

 American

 Native American 0 0 8 (2.5) 0

 Other 0 0 7 (2.2) 1 (1.0)

 Unknown/declined 0 0 7 (2.2) 0

PFTs, mean (SD)

 FVC, % predicted 70.8 (18.9) 69.1 (16.2) 70.6 (18.9) 61.9 (13.8)

 FEV1, % predicted 75.7 (19.4) 74.2 (15.7) 75.4 (19.7) 64.8 (14.7)

 TLC, % predicted 74.0 (17.1) 68.1 (12.1) 74.3 (17.6) 67.2 (12.3)

 DLCO, % predicted 53.1 (19.0) 47.5 (14.3) 53.5 (19.4) 46.3 (12.1)

Clinical diagnosis, n (%)

 IPF 39 (60.9) 69 (97.0) 57 (17.8) 49 (46.0)

 HP 12 (18.8) 2 (3.0) 89 (27.7) 25 (26.0)

 CTD-ILD* 3 (4.7) 0 17 (5.3) 4 (4.0)

 Idiopathic NSIP 1 (1.6) 0 25 (7.8) 7 (7.0)

 Undifferentiated CTD 2 (3.1) 0 23 (7.2) 0

 Unclassifiable ILD 7 (10.9) 0 52 (16.2) 6 (6.3)

 Othert† 0 0 58 (18.1) 4 (4.2)

*
CTD-ILD diagnosed after surgical lung biopsy included:

UCSF cohort: Anti-neutrophil cytoplasmic antibody-associated vasculitis (n=1), inflammatory myositis (n=9), mixed connective tissue disease 
(n=1), rheumatoid arthritis (n=3), systemic lupus erythematosus (n=1) and scleroderma (n=4). Mayo cohort: Sjogren's syndrome (n=1), 
inflammatory myositis (n=1), mixed connective tissue disease (n=1), scleroderma (n=1).

†
Other diagnoses included:

UCSF cohort: Asbestosis (n=1), bronchiolitis (n=8), cryptogenic organising pneumonia (n=7), diffuse alveolar haemorrhage (n=1), desquamative 
interstitial pneumonia (n=8), dyskeratosis congenita (n=1), eosinophilic pneumonia (n=2), familial pulmonary fibrosis (n=1), mycobacterium avium 
complex (n=2), lymphocytic interstitial pneumonia (n=3), methotrexate toxicity (n=1), nitrofurantoin toxicity (n=1), not ILD (n=1), surfactant 
protein C mutation (n=1), light chain deposition disease (n=1), lipoid pneumonia (n=1), respiratory bronchiolitis ILD (n=3), sarcoidosis (n=15).
Mayo Cohort: Desquamative interstitial pneumonia (n=4).

CTD, connective tissue disease; HP, hypersensitivity pneumonitis; HRCT, high-resolution CT; ILD, interstitial lung disease; IPF, idiopathic 
pulmonary fibrosis; DLCO, diffusing capacity for carbon monoxide; NSIP, non-specific interstitial pneumonitis; PFTs, pulmonary function tests; 
TLC, total lung capacity; UCSF, University of California, San Francisco; UIP, usual interstitial pneumonia.
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Table 3
The usual interstitial pneumonia (UIP) score model

Characteristic Points

Age, in years

 50–59 2

 ≥60 3

Male sex 1

Possible UIP+total traction bronchiectasis score ≥ 4 6

Total score possible 10

The extent of radiographic traction bronchiectasis was scored in each lobe (right upper, middle, and lower lobes and left upper, lingula, and lower 
lobes) as 0-absent, 1-mild, 2-moderate, or 3-severe, and then summed to provide a total traction bronchiectasis score (see online supplementary 
figure S1 and ref. 14).
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