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Abstract

Background: Sarcoidosis staging has primarily relied on the Scadding chest radiographic
system, although chest CT is finding increased clinical use.

Research Question: Whether standardized CT assessment provides additional understanding of
lung function beyond Scadding stage and demographics is unknown and the focus of this study.

Study Design and Methods: We used the NHLBI study Genomics Research in Alpha-1
Anti-Trypsin Deficiency and Sarcoidosis (GRADS) sarcoidosis cases(N=351) with Scadding stage
and Chest CT scans obtained in a standardized manner. One chest radiologist scored all CT

scans with a visual scoring system, with a subset read by another chest radiologist. We compared
demographic features, Scadding stage and CT findings, and correlation between these measures.
Associations between spirometry and DLCO and CT and Scadding stage were determined using
regression analysis (N=318). Agreement between readers was evaluated using Cohen’s Kappa.

Results: CT features were inconsistent with Scadding stage in about ~40% of cases. Most CT
features assessed on visual scoring were negatively associated with lung function. Associations
persisted for FEV1 and DLCO when adjusting for Scadding stage, although some CT feature
associations with FVC became insignificant. Scadding stage was primarily associated with FEV1
and inclusion of CT features reduced significance in association between Scadding and lung
function. Multivariable regression modeling to identify radiologic measures explaining lung
function included Scadding stage for FEV1 and FEV1/FVC (/<0.05) and marginally for DLCO
(P<0.15). Combinations of CT measures accounted for Scadding stage for FVC. Correlations
among Scadding and CT features were noted. Agreement between readers was poor to moderate
for presence/absence of CT features and poor for degree/location of abnormality.

Interpretation: CT features explained additional variability in lung function beyond Scadding
stage, with some CT features obviating the associations between lung function and Scadding.
Whether CT features/phenotypes/endotypes could be useful for managing patients with
sarcoidosis needs more study.

Keywords

Sarcoidosis; Chest Computed Tomography; Scadding Stage; Lung Function; Genomic Research in
Alpha-1Antitrypsin Deficiency and Sarcoidosis (GRADS); Phenotypes; Chest radiography

Introduction:

Sarcoidosis is a multi-systemic disease characterized by granulomatous inflammation.! Up
to 90% of cases have lung involvement, demonstrated by abnormalities on chest x-ray
(CXR) and/or pulmonary function testing(PFT).1=3 Scadding stage has long been used

to assess CXR abnormalities with relative ease of imaging, low cost, and low risk.5-6
Regardless, Scadding staging has several limitations®’

Unlike traditional clinical staging systems in which patients progress from one stage to the
next (e.g. in cancer), sarcoidosis patients do not demonstrate temporal or linear progression
from one stage to the next, or through all stages.® While Stage 1V disease portends a

worse prognosis with more severe disease unlikely to resolve and Stage 0/1 disease are

Chest. Author manuscript; available in PMC 2025 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Benn et al.

Methods

Page 3

more likely to experience disease resolution,* overall, prognostic capabilities of Scadding
are limited.8 Individuals may present with varying extent or types of CXR abnormalities and
be classified in the same Scadding stage.*-8 Individuals with stage 1V disease with fibrosis
due to architectural/airway distortion versus honeycombing with traction bronchiectasis are
not differentiated even though they may have distinct PFT abnormalities.® Furthermore,
Scadding stage does not reliably correlate with lung function abnormalities or physiologic
impairment19-13 and changes in Scadding stage may not correspond with PFT changes.14
These myriad challenges make assessment of disease status difficult. Other imaging
modalities may allow more accurate assessment of pulmonary sarcoidosis and provide a
relationship with physiologic impairment.

High resolution chest computed tomography(HRCT) is being used more frequently in
sarcoidosis, with potential increased sensitivity to detect parenchymal abnormalities(PA)
and better estimation of disease status and lung impairment.1* HRCT detects and better
quantifies micronodules, ground-glass, and reticular abnormalities that may not be apparent
on CXR.”:915 Furthermore, CT may provide prognostic findings with demonstration of
nodules and ground-glass opacities associated with disease resolution while reticular
abnormalities less likely to be associated with resolution.16-18 Standardized objective
assessment of CT findings has also correlated with lung function, further supporting a role
for HRCT in sarcoidosis assessment.18-20

While different scoring systems have been proposed to quantify CT findings, including
Oberstein?! and Remy Jardin,19 they are limited by small studies and lack of standardized
imaging algorithms. As part of the extensive clinical phenotyping obtained through

the multi-center study Genomic Research in Alpha One Anti-trypsin Deficiency and
Sarcoidosis(GRADS), PFTs, CXR, and standardized HRCT imaging were obtained.?2:23 We
sought to evaluate if HRCT findings would provide information beyond conventional CXR
Scadding stage alone in regards to lung function impairment in patients with pulmonary
sarcoidosis.

Study Enroliment, Design and Data

Subjects were enrolled as described previously,22:23 at multiple centers throughout the
United States based on the GRADS protocol(N=368). Subjects gave written informed
consent according to site’s institutional review board(IRB) of the overall protocol.
Subject’s diagnosis was confirmed according to accepted criteria,? including consistent
clinical features, exclusion of alternative diagnoses, and biopsy showing non-necrotizing
granulomas. They underwent self-administered questionnaires, including self-reported race,
research CXR and HRCT examinations,24 and PFTs.25 26 See Supplement for additional
details.

CT scoring methods

A single visual assessment score (VAS) was derived for each HRCT including Oberstein
score?(e-Table 1). The scoring system was developed in conjunction with a chest
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radiologist (CF) to evaluate the most common abnormalities noted in sarcoidosis and
ALATD as per the original design of the GRADS study?2. A single chest radiologist

(CF) blinded to disease diagnosis reviewed all HRCT scans using this system; a second
chest radiologist (IC) interpreted the first 168 CT scans using an abbreviated VAS, limited
to sarcoidosis variables without quantification of severity and Oberstein scoring (See
Supplement).

Statistical Analysis

Baseline demographic features, clinical measures, and HRCT VAS measures were compared
by Scadding stage (N=351). For baseline demographic features and clinical measures, Chi-
square tests and one-way ANOVA tests were used for discrete and continuous variables
respectively. For CT measures, Fisher’s exact tests were used. Summary tables for the
complete datasets(N=318) are in e-Tables 2 and 3.

We developed definitions of inconsistency between CXR and CT based on Scadding stage
and the VAS (e-Table 4,N=351). The observed distribution of inconsistencies stratified by
Scadding stage were computed, along with percentage of inconsistent findings.

Associations between PFT and CT were evaluated using linear regression for those with
complete PFT data, age, height, BMI, sex, race/ethnicity, Scadding stage, and GRADS
CT(N=318). When more than 5 individuals had a sarcoidosis CT feature of interest, it was
included in the analysis. All models were adjusted for age, sex, height, race/ethnicity, and
BMI. We used P-value=0.01 for statistical significance. We performed regression modeling,
with separate models fitted for PFT outcomes: pre-/post-bronchodilator (BD) FVC, FEV1,
and FEV1/FVC ratio, and post-BD DLCO. For each PFT measure, two base models were
fitted: one included only age, height, BMI, sex, and race/ethnicity and a second included
these variables and Scadding stage. One CT measure was added to each base model

to assess whether the CT measure was independently associated with PFT. Multivariable
regression modeling was performed including all CT measures and Scadding stage, applying
backward selection, using P-values from a partial F test for significance of single measure
inclusion with cutoff P=0.15 as stopping criterion for the backward selection. Age, sex,
height, race/ethnicity, and BMI were forced in all models. Two CT measures, presence of
micronodules and overall Oberstein score were not included in multivariable modelling as
we used micronodule distribution and the 6 Oberstein component scores for selection. In
total, five demographic measures, 23 CT measures, and Scadding stage were considered in
multivariable modelling, totaling 29 features, or 48 accounting for representation of nominal
variables.

To descriptively quantify associations among measures, a heat map of pairwise associations
between CT VAS measures and/or Scadding stage was created, using Cramér’s V with a bias
correction. In accordance with Cohen,2” we conservatively consider cutoffs of 0.1, 0.3, and
0.5 for small, moderate, and large associations.

Cohen’s Kappa was used to compute agreement between VAS from two readers using
both dichotomized (presence/absence) and assessment of location and extent of abnormality,
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when available. A CT variable was not included if <5 individuals had the condition by one
reviewer.

351 sarcoidosis subjects enrolled in GRADS had complete CT VAS and Scadding stage
data(Table 1), with Scadding stage reflecting the recruitment strategy of GRADS.22 The
distributions of sex, education status, and income status were comparable across stages. At
enrollment, modest differences in Scadding stage were noted by race/ethnicity(~=0.09), with
most White subjects having Stage | or 11 disease and most Black subjects having Stage Il or
IV disease. Subjects with Stage Il and 1V disease had significantly lower BMI than subjects
in other stages. Subjects with Stage IV disease were slightly older, had obstructive lung
disease, and decreased DLCO compared to all other stages.

Classification of CT by CXR

The distribution of CT VAS measures tended to differ significantly by Scadding stage(Table
2). CT features that did not differ by Scadding stage were rare with <10 subjects having the
CT feature (e.g. emphysema, Oberstein score pleural thickening). A number of individuals
with Scadding stage 0/1 had indications on CT of PA, including micronodules, ground-glass
and mosaic attenuation(Table 3). 39% of subjects had CT findings inconsistent with CXR-
Scadding stage. For Scadding stages O-111, at most 62% were consistent. Stages 0 and |
were inconsistent most of the time. Specifically, 20.2% and 26.0% of Scadding stages Il and
I11 patients had PA on CXR but not on CT, while 31.9% and 48.0% of Scadding stages 0
and | patients had PA on CT but not CXR. Overall inconsistencies between CT and CXR
were accounted for by PA and lymphadenopathy, with similar rates for each separately and
smaller percentage for both together.

CT Findings Inform Lung Function

Because results for pre- and post-BD PFT were similar when comparing CT with Scadding
stage, only post-BD analyses are reported for brevity. Nearly all individual CT measures
were negatively associated with PFT measures(Figure 1, green circles), indicating that
presence of CT abnormality was associated with worse lung function. Adjustment for
Scadding stage attenuated associations such that some CT measures were no longer
associated with lung function. For DLCO(Figure 1 left column), Oberstein parenchymal
consolidation (PC) and presence of mosaic attenuation, honeycombing, ground-glass,

and emphysema each remained associated with decrease in DLCO after adjustment for
Scadding(green triangles). For FEVV1(Figure 1 left middle column), traction bronchiectasis,
bronchovascular bundle(BVB) distortion, consolidation, mosaic attenuation, and Oberstein
subscales BVB and PC remained associated with CT findings after adjustment for Scadding.
Unlike DLCO, honeycombing and ground-glass were no longer associated with FEV1 when
including Scadding. After adjustment for Scadding(right middle column), many associations
between CT measures and FVVC became insignificant. Interestingly, the association between
FEV1/FVC ratio and traction bronchiectasis, emphysema, consolidation, BVB distortion,
and axial distribution of distortion remained significant after adjustment for Scadding(Figure
1 right column). Adjustment for Scadding stage reduced the effect of Obserstein PC by
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8%—-25% for DLCO and FVC and attenuated FEV1 by 35%. Scadding stage had a smaller
confounding effect on emphysema and DLCO and FEV1, reducing the effect by 10-13%
(e-Tables 5-8).

Next, we evaluated Scadding stage and PFTs and then included specific CT features(Figure
2). Scadding stage was significantly associated with FEV1 to a greater degree than with
DLCO, FVC and FEV1/FVC ratio. While no one CT measure equated to Scadding,
reductions in significance between Scadding and each lung function measure were

noted for many CT features. Scadding was no longer associated with FVC when

including traction bronchiectasis and Oberstein PC and with FEV1/FVC when including
traction bronchiectasis and Oberstein BVB. When adjusting for many CT PA, such as
reticular abnormalities, mosaic attenuation, ground-glass, consolidation, and Oberstein

PC, association between Scadding and lung function was attenuated. Notable exceptions
included nodules, LA, interseptal thickening and some Oberstein components.

Associations among CT Measures

Next, we assessed associations among various CT measures and Scadding stage(Figure 3).
The strongest associations among CT VAS and Scadding were found between Oberstein
components and VVAS measures that directly assess the same feature. PC, BVB distortion,
traction bronchiectasis, and Scadding stage formed a block of largely associated CT
measures(Figure 3 upper right corner). More moderate associations were found among
these measures, micronodules, and PA. Smaller associations were observed between
measures of lymphadenopathy and micronodules and other associated measures. Ground-
glass demonstrated a strong association with Oberstein PC and mosaic association, but only
a small association with direct assessment of consolidation. Pulmonary artery enlargement
and emphysema were moderately associated with each other and, with pleural thickening
and conglomerate masses, were mostly unassociated with other measures.

Using multivariable regression modeling including all CT VVAS measures with backward
selection to identify CT measures explaining PFT, Scadding stage remained in final models
for FEV1 and FEV1/FVC ratio(P<0.05) and marginally for DLCO(/<0.15,Figure 4 bottom
panel and e-Table 9); this finding was only notable for Stage 3 or 4 compared to 0. A
collection of CT measures (differing for each PFT outcome) mostly accounted for Scadding
stage for DLCO and FVC. Only mosaic attenuation and Oberstein PC were associated with
all PFT measures, while honeycombing, cystic changes, distribution axial, and emphysema
were selected for three of four PFT measures. Six measures were not included in any model:
mediastinal and hilar lymphadenopathy, ground-glass, and Oberstein BVB, nodule(ND),
and lymphadenopathy(LN). Interestingly, five CT measures were unassociated with any
PFT measure in the individual analysis and yet were associated in final multivariable
models: micronodule distribution and conglomerate nodules, cystic changes, Oberstein
pleural thickening(PLT), and pulmonary artery enlargement.

CT Reader Concordance

The above analyses were conducted using one reader. When comparing reader to
reader concordance, mixed results were noted(Table 4 and S10), with kappas ranging
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from 0.15(poor agreement) to 0.64(moderate agreement). Better agreement was noted

for presence/absence of feature versus agreement in location or Oberstein severity(e.g.
lymphadenopathy, micronodule distribution, and Oberstein components). Honeycombing,
cystic changes, emphysema and subtypes, and evidence of thoracic surgery were found
to be rare by both readers, although they disagreed on the presence of a condition in an
individual(e-Table 10).

Discussion:

Leveraging the results of the multicenter GRADS study, we were able to compare CXR
Scadding stage to HRCT features visually scored by thoracic radiologists to lung function.
We found CT scoring was inconsistent with Scadding designation in almost 40% of subjects.
We found Scadding CXR associated with spirometry and DLCO PFT data, although HRCT
was able to explain additional variability in PFT data even when Scadding was included,
suggesting that additional information is derived from some CT features(e.g. presence of
mosaic attenuation or degree of Oberstein PC). Some HRCT features were associated with
PFT measures even in the presence of Scadding stage (e.g. DLCO with ground-glass and
honeycombing and FEV1 with BVB distortion and consolidation). HRCT features were
associated with each other and with specific Scadding stage, suggesting potential “CT
phenotypes.” This is further supported by finding of associations between CT features and
Oberstein scores. Inter-reader variability in CT scans likely limit its use, as at best moderate
agreement between presence or absence of CT features and at worst poor agreement in
reference to location and/or severity was noted. Regardless, we present new information
regarding utility of chest CT, revealing associations between PFT abnormalities and CT
features in pulmonary sarcoidosis. Overall these results suggest that CT may provide
additional characterization of lung abnormalities with implications for PFT to a greater
degree than Scadding.

Scadding stage has been commonly used to categorize pulmonary sarcoidosis patients. In
contrast to other interstitial lung diseases which rely on HRCT, CXR has been used to
assess sarcoidosis disease status.” Over decades, experience with Scadding led to its use in
prognosis, although with many caveats. However, it is widely accepted that HRCT provides
additional detail lacking on review of CXR, as supported by prior smaller studies in which
CT chest better detected lymphadenopathy and PA.28:29 These studies did not seek to
directly compare finding between Scadding stage and HRCT, as we did.

Evaluating specific CT features, we found significant variability across all stages(Table 2),
including the presence of nodules, PA, BVB distortion and traction bronchiectasis, with
many of these present in Scadding Stage 0/I disease. Using HRCT to define Scadding-like
score in our study, we identified many subjects who were inconsistently categorized relative
to Scadding stage(Table 3). These inconsistencies were seen widely across stages 0-111,
with inconsistencies based on lymphadenopathy and/or PA with PA the most discrepant.
Inconsistencies related to PA seen on CXR but not seen on CT were surprisingly frequent.
A smaller recent study compared HRCT features with Scadding and demonstrated similar
results to ours with discordance between CT and Scadding in 50% subjects, primarily due
to differences in PA.7:30 Our study was unable to address inconsistencies related to fibrosis
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and may have overrepresented consistencies when comparing CXR to CT; the recent study
reported high concordance with Stage IV disease and HRCT.

Previous studies have suggested that Scadding is a poor predictor of lung function,10-13
while HRCT PA have correlated with PFT.20 Similarly, we found CT features widely
associated with worse lung function(Figure 1), with adjustment for Scadding attenuating
some associations (Figure 1 blue triangles). However, Scadding was associated with
spirometry and DLCO values (Figure 2 purple line), and significance decreased when
various CT measures were included (Figure 2 red circle). Multivariable regression modeling
did not include Scadding in the final model for FVC and included Scadding only marginally
in DLCO final model, with a collection of CT measures providing approximately the same
information as Scadding for DLCO and FVVC(Figure 4). To our knowledge, no other study
has evaluated association between CXR and CT independently and in combination as we
have, supporting that Scadding demonstrates some association with lung function although
more pronounced relationship is noted with CT findings. A limitation of our study is that it
is cross sectional. A prior study demonstrated that serial CT changes moderately agreed with
spirometry changes and only fair agreement was noted with CXR changes.3C In contrast

to our study, CXR-based findings did not strengthen the association between PFT and
CT-based findings, although sample size was relatively small (N=73) and prognosis was the
primary focus. These data support that additional information regarding lung function in
sarcoidosis patients is gained from CT over Scadding stage, suggesting a potential role for
HRCT imaging to guide clinical management. It will be interesting to determine if similar
disease activity and response to treatment information can be gained from initial and serial
HRCT as in the case of positron emission tomography studies, which are used to evaluate
the intensity and extent of inflammatory activity of sarcoidosis throughout the body and
have correlated well with both HRCT and PFT findings.31-37 Future studies will be needed
to further clarify these relationships, especially longitudinally.

Efforts to group radiographic parenchymal findings into categories that impart physiologic
information have been attempted and scoring systems exist that analyze numerous HRCT
components, including Oberstein score used in our study.1%21 These approaches rely on
quantitative categories and qualitative assessments of degree of an abnormality, thus making
agreement between scorers challenging.2% While initial studies were limited by size (N=2121
and N=9519), correlation between CT findings and degree of disease inflammation was
seen,2! with limited prognostic assessment.1® We found associations with Oberstein score
components and PFT supporting this approach. We also noted similar PFT associations
across numerous CT features(Figure 1 and 2), and groups of CT features highly associated
with each other (Figure 3). The Oberstein BVB score in our study was associated with CT
BVB distortion, consolidation and traction bronchiectasis, and Scadding stage, supporting
that it may indicate a sarcoidosis phenotype(Figure 3). In addition, BVB distortion and
consolidation were associated with ground-glass and reticulation CT features, suggesting
fibrotic features.

It is possible that CT phenotypes may be defined by a limited number of key CT features32
with correlation between features. To date, limited CT phenotypes have been defined as
functionally relevant, besides, fibrotic phenotype/subphenotypes. In fibrotic sarcoidosis,
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three CT patterns have been proposed with associated lung function abnormalities:
predominant BVB distortion associated with obstruction, honeycombing with restriction and
low DLCO, and linear PA with relatively minor impairment.14:33 Similarly, we found BVB
distortion associated with low FEV1 and obstruction, and interlobular septal thickening
unassociated with PFTs. Extent of lung fibrosis on CT scan associated with mortality34 and
prognosis.32 GRADS aimed to define gene expression phenotypes/endotypes, and found
genes associated with progressive Scadding stage and CT features, with overlap with
PFTs.23 Reticular abnormalities associated with >750 genes and with genes associated with
traction bronchiectasis, ground-glass, progressive Scadding stage, DLCO and spirometry to
varying degree. CT features were associated with three of four gene modules and Scadding
in only one where CT adenopathy was also associated with the module. These data support
that overlap between CT features, Scadding and PFTs occur, and raise a question whether
sarcoidosis phenotypes/endotypes using multiple data sources, both clinical and Omics,
might provide clinically relevant information for evaluation and/or management of patients
with sarcoidosis.

Our study is limited by interobserver variability as is any similar study using VAS. GRADS
was set up with a scoring system to address two different diseases using one radiologist
evaluating all CTs22:23 as have other studies.32 A subset of CTs were reviewed with a
limited VAS. Based on this data we found mixed concordance across different CT measures
although agreement was optimum for presence/absence of feature, versus location or
severity, similar to other studies.2% Even with CXR only fair agreement is noted among chest
radiologists (e.g. fibrosis and lymphadenopathy presence)3® and when evaluating change in
Scadding stage over time.39 This issue confounds all radiographic studies using VAS and
thus efforts to improve reader agreement or other ways to assess radiographic abnormalities
are needed.*0 Our study was secondary to the primary outcomes for the GRADS study?2,
aiming to investigate lung microbiome and genome in sarcoidosis and ALATD. Strengths
include the size of the population, larger than most if not all compiled to date, standardized
data and CTs and VVAS from almost all participants, as well as the multi-center nature of our
study.

Interpretation:

We evaluated a large population of sarcoidosis subjects and demonstrated that CT and
Scadding stage provide different and overlapping information related to lung function. While
Scadding is limited in its assessment, it associates with PFTs. CT provides additional
information, and in FVC and to a lesser degree DLCO, CT alone obviates information
provided by Scadding. Correlation between CT features raises a question about CT
phenotypes/endotypes. Investigation into pulmonary phenotypes or endotypes that include
clinical and Omics data in larger populations and investigating changes over time and
prognosis are next steps to be considered to advance the care of patients with sarcoidosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Take-Home Point
Study Question:

Does standardized CT assessment provide additional understanding of lung function
beyond Scadding stage and demographics?

Results:

Associations between lung function and CT feature persisted for FEV1 and DLCO when
adjusting for Scadding stage and demographics, with some CT features obviating the
associations between lung function and Scadding.

Interpretation:

These data support that additional information regarding lung function in sarcoidosis
patients is gained from CT over Scadding stage and demographics alone, suggesting a
potential role for CT imaging to guide sarcoidosis clinical management.
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Significance ® P<001 @ F>0.01

Figure 1:
Estimated associations between a single CT measure and each pulmonary function test

variable. Coefficients and 95% confidence intervals are presented. The dashed black line
demarks a coefficient estimate of 0. Circles are estimates from models with the base factors
plus the CT measure. Triangles are models that also include Scadding stage. Green is a
p-value <0.01 and blue a p-value>=0.01. Only models with a significant effect in at least one
model across different pulmonary function tests are presented. Overall Oberstein is excluded
as it was the only CT measure not treated as categorical.
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<

N
=]

20 4 & 120 4 & 120
Scadding P-value (Negative Log10 Scale)

Model Adjusted for CT Measure — No @ Yes

Partial F-test p-values assessing significance of Scadding stage before (purple line) and after
inclusion of an individual CT measure (red circles) in a linear model predicting a single
PFT. All models included age, race/ethnicity, sex, height, and body mass index (BMI).
P-values are plotted on a negative log base 10 scale. The dashed line indicates the threshold
for significance £=0.01, with points to the right considered significant with respect to that

threshold.

Chest. Author manuscript; available in PMC 2025 November 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Benn et al.

BVYE Distortion -..-
Oberstein BVEB =

Traction Bronchiectasis =
Scadding -!

Oberstein PC -

Consolidation -

Micronodule =

Micronodule Distribution -

Oberstein ND -_ .

Distribution Cranial Caudal -

Distribution Axial - .
Oberstein LS =
Interlobular Septal Thickening -
Reticular Abnormality =
Ground-Glass -
Mosaic Attenuation =
Honeycombing =
Conglomerate Mass -
Oberstein PLT =
Pulmonary Artery Enlargement -
Emphysema -
Mediastinal LA -
Oberstein LN -
Hilar LA =

Measure

[ D D R D B B A D N R R B |
- o L)
I3 EEL22582R9E
. Z 6 0 8 sE 87T 3
_gEm,,,E =E¢@ £ g £
=10 £ = © € 3L?._.~z®c
I*—'-.-_:QOBDCEEUEQ
Ewoses® s 2 F g =
CSEzS5c52Z39F3 32
e nfgez2<pI_2oa
Og & Sene 30X
Pl = e TE B
@ o o = o

T 5 § 2w

< & A

F ra

eg D

=] 2

E 2

= c

b =
Measure

Figure 3:

Page 17

CramerV

09
0.8
0.7
0.6
0.5
04

0.3

0.2

01

Oberstein ND -
- -II

L] [ e
— cC QL COD™UMmCS
B8Zg8528da£g=>8
RE238BE8cB8BgD]
O r@cggma.g};
R R R R EE -
EOR_=2cCc & 2 »
g mﬁon ga}ﬂl
hd o (_)O = o =
o =] m QO m
§ B 5

o o B

8 5 E

@ =

(]

A heatmap of strength of associations among CT measures and Scadding stage as measured

by Cramer’s V with bias correction.
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Figure 4:
Estimated associations in backwards selected models between each PFT and included CT

measures. Coefficients and 95% confidence intervals are presented. The dashed black line
demarks a coefficient estimate of 0. Dark purple indicates significance at the level £<0.01,
medium blue indicates significance at the level £<0.05, and light green indicates significance
at the level A<0.15.
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Table 1:

Demographics and pulmonary function by Scadding stage

Page 19

Scadding Stage

N 0 (N=44, 1 (N=75, 11 (N=104, 111 (N=46, 1V (N=82, Total
Missing 12.5%) 21.4%) 29.6%) 13.1%) 23.4%) (N=351) value
Demographics
Sex (N (%)) 4 0.15
Female 28 (63.6%) 44 (60.3%) 46 (44.7%) 23(50.0%)  45(55.6%) 186 (53.6%)
Male 16 (36.4%)  29(39.7%) 57 (55.3%) 23(50.0%) 36 (44.4%) 161 (46.4%)
Race/Ethnicity (N 5 0.09
(%))
Asian, American 1(2.3%) 0 (0.0%) 6 (5.8%) 1(2.2%) 2 (2.5%) 10 (2.9%)
Indian, Alaska Native, or
not identifying a single
primary race
Black 6 (13.6%) 12 (16.4%) 25 (24.3%) 12 (26.7%) 29 (35.8%) 84 (24.3%)
Hispanic 3(6.8%) 4 (5.5%) 4 (3.9%) 1(2.2%) 5 (6.2%) 17 (4.9%)
White 34 (77.3%) 57 (78.1%) 68 (66.0%) 31(68.9%)  45(55.6%) 235 (67.9%)
Education Status (N 7 0.15
(%))
High School 8 (18.6%) 14 (19.2%) 24 (23.3%) 4 (8.7%) 17 (21.5%) 67 (19.5%)
Some College 10 (23.3%) 33 (45.2%) 29 (28.2%) 20 (43.5%) 27 (34.2%) 119 (34.6%)
College Diploma 14 (32.6%)  11(15.1%) 32 (31.1%) 11 (23.9%) 22 (27.8%) 90 (26.2%)
Graduate or 11 (25.6%)  15(20.5%) 18 (17.5%) 11 (23.9%) 13 (16.5%) 68 (19.8%)
Professional Degree
Income Status (N 12 0.74
(%))
<$50,000 14 (33.3%)  22(31.0%) 27 (26.5%) 12 (26.1%) 31(39.7%) 106 (31.3%)
$50,000 - $99,999 12 (28.6%)  17(23.9%) 30 (29.4%) 16 (34.8%)  23(29.5%) 98 (28.9%)
$100,000 - $149,999 7 (16.7%) 14 (19.7%) 20 (19.6%) 10 (21.7%) 14 (17.9%) 65 (19.2%)
>$150,000 9 (21.4%) 18 (25.4%) 25 (24.5%) 8 (17.4%) 10 (12.8%) 70 (20.6%)
Age [Years (mean 4 52.95 50.61 52.90 (9.40) 50.81 55.49 52.75 0.03
(SD)] (9.42) (11.53) (10.84) (9.01) (10.10)
Height[Inches, (mean 1 66.61 67.01 67.60 (4.26) 66.74 66.45 66.97 (4.06) 0.37
(SD))] (4.05) (3.41) (4.51) (4.07)
BMI [kg/mZ(mean 1 33.36 32.58 29.46 (5.30) 32.43 28.14 30.69 (6.61) <0.01
(SD))] (6.39) (7.68) (7.28) (5.54)
Pulmonary Function
(mean (SD))
Pre-BD FVC (Liters) 12 3.74(1.02) 3.78(1.07) 3.79(1L.12) 3.56 (1.14)  2.98(1.15) 3.57 (1.15) <0.01
Post-BD FVC (Liters) 18 3.69 (1.04) 3.77(1.07) 3.84(1.10) 3.58(1.14) 3.08(1.15)  3.60(1.14) <0.01
Pre-BD FEV1 (Liters) 12 2.90(0.76)  2.89(0.88)  2.78(0.87) 2.63(0.97) 1.95(0.87) 2.61(0.94) <0.01
Post-BD FEV1 18 2.92(0.82) 297(091) 2.91(0.88) 2.72(0.99) 2.08(0.90)  2.70 (0.96) <0.01
(Liters)
Pre-BD FEV1/FVC % 12 78.00 76.23 73.49 (8.01) 74.10 66.03 73.03 <0.01
(5.35) (8.35) (11.93) (13.59) (10.68)
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Scadding Stage

N 0 (N=44, I (N=75, I1(N=104, 111 (N=46, IV (N=82, Total p
Missing  12.5%) 21.4%) 29.6%) 13.1%) 23.4%) (N=351) value
Post-BD FEVLU/FVC 18 79.77 78.42 75.83(8.16) 76.14 68.14 75.08 <0.01
% (9.32) (8.71) (12.69) (13.93) (11.35)
Post-BD DLCO 23 24.38 24.18 2357(7.21) 21.54 17.46 2211(7.85) <0.01
(mL/min/mmHg) (7.44) (7.60) (8.06) (7.12)

BD = bronchodilator, BMI = body mass index, DLCO = diffusing capacity for carbon monoxide, FEV1 = forced expiratory volume in 1 second,
FVC = forced vital capacity, SD = standard deviation
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Distribution of each CT Visual Assessment Score measure by Scadding stage

Table 2:

Page 21

Scadding Stage

N (%) 0 (N=44, 1 (N=75, 11 (N=104, 111 (N=46, IV (N=82, Total p value
12.5%) 21.4%) 29.6%) 13.1%) 23.4%) (N=351)
Lymphadenopathy
Mediastinal LN 15 (34.1%) 45 (60.0%) 74 (71.2%) 13 (28.3%) 49 (59.8%) 196 (55.8%)  <0.01
Hilar LN 10 (22.7%) 37 (49.3%)  63(60.6%) 8 (17.4%) 39 (47.6%) 157 (44.7%)  <0.01
Nodules
Micronodules 9 (20.5%) 24(32.0%) 66 (63.5%) 23 (50.0%) 42 (51.2%) 164 (46.7%)  <0.01
Micronodule <0.01
Distribution *
None 36 (81.8%) 51(68.0%) 40 (38.5%) 23 (50.0%) 40 (48.8%) 190 (54.1%)
Perilymphatic 4(9.1%) 6 (8.0%) 4 (3.8%) 2 (4.3%) 6 (7.3%) 22 (6.3%)
Peribronchovascular 3 (6.8%) 10 (13.3%) 17 (16.3%) 3 (6.5%) 11 (13.4%) 44 (12.5%)
Both 1 (2.3%) 8 (10.7%) 42 (40.4%) 17 (37.0%) 24(29.3%) 92 (26.2%)
Random 0 (0.0%) 0 (0.0%) 1 (1.0%) 1 (2.2%) 1 (1.2%) 3(0.9%)
Conglomerate Mass 0 (0.0%) 0 (0.0%) 8 (7.7%) 2 (4.3%) 1 (1.2%) 11 (3.1%) 0.02
Parenchymal Opacity and
Airway and Vascular
Distortion *
Ground-Glass 4(9.1%) 14 (18.7%) 36 (34.6%) 15 (32.6%) 55 (67.1%) 124 (35.3%)  <0.01
Honeycombing 1 (2.3%) 3 (4.0%) 2 (1.9%) 2 (4.3%) 19 (23.2%) 27 (7.7%) <0.01
Reticular Abnormality 5 (11.4%) 4 (5.3%) 25(24.0%) 14 (30.4%) 48 (58.5%) 96 (27.4%) <0.01
Consolidation 0 (0.0%) 7(9.3%) 25(24.0%) 7 (15.2%) 46 (56.1%) 85 (24.2%) <0.01
Mosaic Attenuation 8 (18.2%) 17 (22.7%) 19 (18.3%) 9 (19.6%) 44 (53.7%) 97 (27.6%) <0.01
Interlobular Septal 3(6.8%) 5 (6.7%) 19 (18.3%) 6 (13.0%) 27 (32.9%) 60 (17.1%) <0.01
Thickening
Traction Bronchiectasis 1(2.3%) 10 (13.3%) 37 (35.6%) 19 (41.3%) 74 (90.2%) 141 (40.2%) <0.01
Cystic Changes 3 (6.8%) 1(1.3%) 2 (1.9%) 0 (0.0%) 2 (2.4%) 8 (2.3%) 0.31
BVB Distortion 5 (11.4%) 29(38.7%)  79(76.0%) 33 (71.7%) 78(95.1%) 224 (63.8%) < 0.01
Distribution and Pattern of
Distortion
Distribution Cranial <0.01
Caudal *
None 42 (95.5%) 63 (84.0%) 54 (51.9%) 22 (47.8%) 32(39.0%) 213 (60.7%)
Upper 1 (2.3%) 12 (16.0%) 48 (46.2%) 23 (50.0%) 49 (59.8%) 133 (37.9%)
Lower 1(2.3%) 0 (0.0%) 2 (1.9%) 1(2.2%) 1(1.2%) 5 (1.4%)
Distribution Axial * <0.01
None 42 (95.5%) 63(84.0%)  65(62.5%) 24 (52.2%) 45 (54.9%) 239 (68.1%)
Central 1(2.3%) 12 (16.0%) 37 (35.6%) 20 (43.5%) 33(40.2%) 103 (29.3%)
Peripheral 1 (2.3%) 0 (0.0%) 2 (1.9%) 2 (4.3%) 4 (4.9%) 9 (2.6%)
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Scadding Stage
N (%) 0 (N=44, 1 (N=75, 11 (N=104, 111 (N=46, IV (N=82, Total p value
12.5%) 21.4%) 29.6%) 13.1%) 23.4%) (N=351)
Oberstein Components
Oberstein <0.01
Bronchovascular Bundle
Component
0 39 (88.6%) 41 (54.7%)  19(18.3%) 11 (23.9%) 2 (2.4%) 112 (31.9%)
1 3 (6.8%) 25 (33.3%) 32 (30.8%) 16 (34.8%) 13 (15.9%) 89 (25.4%)
2 0 (0.0%) 9 (12.0%) 27 (26.0%) 16 (34.8%) 27 (32.9%) 79 (22.5%)
3 2 (4.5%) 0 (0.0%) 26 (25.0%) 3 (6.5%) 40 (48.8%) 71 (20.2%)
Oberstein Parenchymal <0.01
Consolidation Component
0 37 (84.1%) 58 (77.3%) 40 (38.5%) 29 (63.0%) 8 (9.8%) 172 (49.0%)
1 3 (6.8%) 12 (16.0%)  28(26.9%) 9 (19.6%) 20 (24.4%) 72 (20.5%)
2 3 (6.8%) 4 (5.3%) 23(22.1%) 8 (17.4%) 31(37.8%) 69 (19.7%)
3 1 (2.3%) 1 (1.3%) 13 (12.5%) 0 (0.0%) 23(28.0%) 38 (10.8%)
Oberstein Intra- <0.01
Parenchymal Nodules
Component
0 35 (79.5%) 46 (61.3%)  31(29.8%) 22 (47.8%) 27 (32.9%) 161 (45.9%)
1 8 (18.2%) 29(38.7%)  38(36.5%) 14 (30.4%) 37 (45.1%) 126 (35.9%)
2 0 (0.0%) 0 (0.0%) 21(202%)  5(10.9%) 13 (15.9%) 39 (11.1%)
3 1 (2.3%) 0 (0.0%) 14 (135%) 5 (10.9%) 5 (6.1%) 25 (7.1%)
Oberstein Septal and <0.01
Nonseptal Lines Component
0 40 (90.9%) 68(90.7%)  74(71.2%) 34 (73.9%) 41 (50.0%) 257 (73.2%)
1 3 (6.8%) 6 (8.0%) 30 (28.8%) 12 (26.1%) 40 (48.8%) 91 (25.9%)
2 1(2.3%) 1(1.3%) 0 (0.0%) 0 (0.0%) 1(1.2%) 3(0.9%)
Oberstein Pleural 0.69
Thickening Component
0 44 (100.0%)  74(98.7%)  102(98.1%) 46 (100.0%)  78(95.1%) 344 (98.0%)
1 0 (0.0%) 1 (1.3%) 2 (1.9%) 0 (0.0%) 2 (2.4%) 5 (1.4%)
2 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (2.4%) 2 (0.6%)
Oberstein Lymph Node <0.01
Enlargement Component
0 29 (65.9%) 25 (33.3%) 27 (26.0%) 32 (69.6%) 31 (37.8%) 144 (41.0%)
1 12 (27.3%) 26 (34.7%)  28(26.9%) 9 (19.6%) 23(28.0%) 98 (27.9%)
2 3 (6.8%) 23(30.7%) 47 (45.2%) 5 (10.9%) 27 (32.9%) 105 (29.9%)
3 0 (0.0%) 1 (1.3%) 2 (1.9%) 0 (0.0%) 1 (1.2%) 4 (1.1%)
Other Findings
Emphysema 0 (0.0%) 1 (1.3%) 2 (1.9%) 2 (4.3%) 4 (4.9%) 9 (2.6%) 0.44
Pulmonary Artery 0 (0.0%) 0 (0.0%) 2 (1.9%) 2 (4.3%) 6 (7.3%) 10 (2.8%) 0.04
Enlargement
Prior Thoracic Surgery 1(2.3%) 2 (2.7%) 1 (1.0%) 1(2.2%) 0 (0.0%) 5 (1.4%) 0.44
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*
For assessments of distribution, a marking of none is consistent both with a presence of abnormalities that lacked one of the specific distributional
patterns listed and with an absence of abnormalities.

Ak
no subjects were reported as having tree-in-bud or cavitary lesions

BVB = bronchovascular bundle, LN = lymphadenopathy
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Table 3:

Distribution of Chest x-ray and CT inconsistencies by Scadding stage. Details of CT-based determination of
inconsistencies is provided in e-Table 4.

Scadding Stage

0(N=44) 1(N=75) 11(N=104) 111 (N=46) IV (N=82) Total (N=351)
Consistent 45.5% 30.7% 61.5% 54.3% 100.0% 61.0%
Inconsistent LN and PA  11.4% 13.3% 8.7% 4.3% 0.0% 7.4%
Inconsistent LN Only 22.7% 21.3% 18.3% 19.6% 0.0% 15.4%
Inconsistent PA Only 20.5% 34.7% 11.5% 21.7% 0.0% 16.2%

LN = lymphadenopathy, PA = parenchymal abnormalities
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Table 4:

Concordance estimates and 95% confidence intervals of duplicate VAS reads for 168 individuals. Estimates
are for concordance of presence/absence assessments unless otherwise indicated

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Variable

Cohen’s Kappa

Mediastinal LN

Location 0.58 (0.47,0.7)

Presence 0.62 (0.5,0.74)
Hilar LN

Location 0.54 (0.41,0.66)

Presence 0.55 (0.42,0.68)
Micronodule Distribution

Location 0.15 (0.04,0.26)

Presence 0.25 (0.1,0.39)
BVB Distortion 0.46 (0.32,0.59)
Traction Bronchiectasis 0.4 (0.25,0.54)
Ground-Glass 0.48 (0.34,0.62)
Reticular Abnormality 0.28 (0.13,0.43)
Consolidation 0.33(0.13,0.53)
Mosaic Attenuation 0.27 (0.11,0.43)
Oberstein BVB

Severity 0.2 (0.1,0.3)

Presence 0.56 (0.42,0.69)

Oberstein PC

Severity 0.26 (0.14,0.39)

Presence 0.42 (0.28,0.56)
Oberstein ND

Severity 0.3(0.19,0.42)

Presence 0.33(0.18,0.47)
Oberstein LS

Severity 0.19 (0.05,0.34)

Presence 0.24 (0.09,0.38)

Oberstein LN

Severity

0.5 (0.39,0.61)

Presence

0.64 (0.52,0.76)

LN = lymphadenopathy, BVB= Bronchovascualar bundle distortion, PC= parenchymal consolidation, ND=nodule, LS=septal and non-septal lines
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