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What constitutes an |LA

“nondependent bilateral parenchymal abnormalities detected on CT, including ground-glass or reticular

abnormalities, lung distortion, traction bronchiectasis, and/or honeycombing involving>5% of a lung zone
by visual estimate”

e

€ €9

The threshold extent of 5% is Zones demarcated as upper, middle, and lower by the levels of the inferior aortic

] arch and right inferior pulmonary vein.
acknowledged to be arbitrary and

subjective and is provided simply to “Nondependent” - parts of the lung that are less influenced by gravity during scan

exclude patients with minimal acquisition; this may include abnormalities that are present in dependent locations
. on supine imaging but persist on prone imaging.
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What DOES NOT constitute an ILA

Dependent lung atelectasis

Unifocal or multifocal linear scarring

Non-emphysematous cysts, centri-lobular nodularity, and/or features of pleuroparenchymal fibroelastosis,
without other CT findings of lung disease

Findings of heart failure

Findings of aspiration (e.g., patchy ground-glass, opacities, tree-in-bud nodularity)

Nonemphysematous cysts,
_ centrilobular nodularity,
" features of pleuroparenchymal fibroelastosis can be present but do
I not contribute to the volume of affected lung needed to satisfy the
: definition of ILA.
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What DOES NOT constitute an ILA

Definition of interstitial lung disease for those with ILAs

In a person with CT features of ILAs, at least one of the following criteria must be present to define ILD*
¢ Symptoms: Any amount of dyspnea and/or cough that a clinician attributes to ILD

e Physiology (any of)
o Any abnomality in FVC, TLC, or DLgo that a clinician attributes to ILD (defined as a value or z-score below the lower limit of normal)
o Satisfies physiologic criteria for progressive pulmonary fibrosis that a clinician attributes to ILD (9)

¢ Imaging (any of the following on chest CT)

o Fibrotic abnormalities (honeycombing and/or reticulation with traction bronchiectasis) involving =5% of total lung volume by visual
estimate

o Progressive fibrotic abnormality on serial chest CT
o Presence of a major fibrotic ILD pattern on chest CT (i.e., UIP/probable UIP, fibrotic HP, or fibrotic NSIP)

e Pathology: Presence of a major fibrotic ILD pattern (i.e., UIP/probable UIP, fibrotic HP, or fibrotic NSIP)
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AGES-Reykjavik Study

Association between Imaging Features and ILA Progression

Unadjusted Analysis Adjusted Analysisi

OR (95% CI) PValue OR(95%CI) PValue

Centrilobular nodules 0.2 (0.1-0.4) <0.0001 0.2 (0.1-0.5) 0.0002
Ground glass’ — — —

Subpleural reticular markings 5.9 (2.3-15) 0.0002 6.6 (2.3-19)
Nonemphysematous cysts 3.1 (1.6-5.9) 0.0005  2.5(1.3-5.1)

Lower lobe predominant changes 5.2 (1.8-15) 0.002 6.7 (1.8-25)

Traction bronchiectasis 5.9 (2.3-149)  0.0002 6.6 (2.3-19)

Honeycombing* — —

n= 3,167
median time between CT scans, 5.1 yr; interquartile range, 4.99-5.26 yr)
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10.1164/rccm.201512-25230C.




What are interstitial lung abnormalities (ILAs)?

Incidental identification of non-dependent abnormalities. including ground-
glass or reticular abnormalities, lung distortion. traction bronchiectasis,
honeycombing. and non-emphysematous cysts

Involving at least 5% of a lung zone (upper. middle, and lower lung zones are
demarcated by the levels of the mferior aortic arch and right inferior
pulmonary vein)

In individuals in whom interstitial Jung disease is not suspecred

What are not ILAs?

Imaging findings restricted to: F I e | SC h ner SOC|ety 202 1

Dependent lung atelectasis

Focal paraspinal fibrosis in close contact with thoracic spine osteophytes
(figure 2A)

Smoking-related centrilobular nodularity i the absence of other findings
(figure 2B)

Mild focal or unilateral abnormality (figure 2C)
Interstitial oedema (eg, in heart failure)

Findings of aspiration (patchy ground-glass, tree in bud; figure 2C)

Preclinical and clinical identification:

Preclinical interstitial abnormalities identified during screening of high-risk
individuals (eg. those with rheumatoid arthritis, scleroderma, occupational
exposure, familial interstitial lung disease)

Findings in patients with known clinical interstitial lung disease

Evolution of definitions

ERS 2022

Entity Population

Diagnostic criteria Definition

ILA Only individuals without
known or suspected ILD*
Individuals at risk for ILD

Individuals NOT at risk for ILD

All individuals

Early ILD  Pre-clinical ILD
Subclinical ILD
Mild ILD

Incidental finding of CT abnormalities affecting
more than 5% of any lung zone
Any ILD in asymptomatic patients with
preserved lung function
Any clinically significant ILD with minor
symptoms and/or trivial PFT abnormalities

Clinical-radiological entity

Clinical-radiological-
pathological entity
Clinical-radiological-
pathological entity

ILA: interstitial lung abnormalities; ILD: interstitial lung disease; CT: computed tomography; PFT: pulmonary function test. : abnormalities identified
during screening for ILD in high-risk groups (e.g. those with rheumatoid arthritis, systemic sclerosis or familial ILD) are not considered as ILA

because they are not incidental.

CHEST 2025

A

A

Ground-glass opacities, reticulations, traction
bronchiectasis/bronchiolectasis/architectural

distortion, honeycombing, nonemphysematous cysts

eg. Diffuse centrilobular nodularity, dependent lung
abnormality, osteophyte-related paraspinal fibrosis,
interiobular septal thickening, focal unilateral abnormality,
pleural parenchymal fibroelastosis

A

Do the findings occupy > 5% of a non-L

Y

[ Does not meet ILA pattern definition

dependent lung zone? J

Yes

L

Chest CT showing bilateral and nondependent ground-glass opacities, reticular abnormalities, lung distortion, traction
bronchiectasis, and/or honeycombing involving =5% of a lung zone*

ATS 2025

Nonemphysematous cysts, centrilobular nodularity, and features of pleuroparenchymal fibroelastosis can be present but do not
contribute to the volume of affected lung needed to satisfy the definition of ILA
Bilaterality may not be necessary in some high-risk cases (i.e., with a family history of familial pulmonary fibrosis or known ILD-associated

genetic variants)

The need for findings to be incidental and exclusion of high-risk populations has purposefully been removed from the definition
Mild abnormalities occurring exclusively in dependent locations on supine imaging should be confirmed to persist on prone imaging




The Fleischner Society definition of ILA required findings to be incidental and excluded high-risk populations.

* ATS definition:

1) defines ILA independent of pre-test probability : more practical for clinical use.

2) High risk populations: ILAs — prevalent, Inclusion in definition - provides guidance for evaluation and management
of these patients.

No data to suggest exclusion,

Simpler to create a relatively broad definition of ILA with consistent evaluation and management algorithms that can
be applied to most clinical scenarios

3) Laterality of ILA: Patients with a strong family history or known genetic variants who have unilateral findings may
be at risk of future progression to ILD




Subcategories of [LA

* Non-subpleural ILAs (i.e., without predominant subpleural
localization)

* Sub-pleural nonfibrotic ILAs (i.e., with predominant subpleural
localization and without evidence of fibrosis)

e Sub-pleural fibrotic ILAs (i.e., with predominant subpleural
localization and with evidence of pulmonary fibrosis)

Fibrosis - the presence of architectural distortion with traction bronchiectasis and/or honeycombing
and applies to those ILAs that do not meet the extent or pattern criteria for ILD







AGES-Reykjavik Study

Association between Imaging Pattern and Features and Mortality

Survival Probability (%)

Unadjusted Analysis Adjusted Analysis'

HR(95%CI)  PValue  HR(95% CI)

Reticular markings
Centrilobular nodules
Nonemphysematous cysts
Traction bronchiectasis
Lower lobe’ predominance
Subpleural location?

ILA without fibrosis
Definite fibrosis
Indeterminate for UIP

Probable UIP pattern

2.0 (1.3-3.1)
0.7 (0.6-0.9)
1.7 (1.3-2.2)
2.0 (1.6-2.6)
1.5 (0.95-2.5)
2.0(1.3-3.2)
1.3 (1.2-1.4)
1.9 (1.7-2.1)
1.6 (1.3-2.0)
3.3 (2.6-4.2)

0.002
0.01
<0.0001
<0.0001
0.08
0.003
<0.0001
<0.0001
<0.0001

<0.0001

1.6 (1.0-2.5)
0.9 (0.7-1.1)
1.4 (1.1-1.8)
1.6 (1.3-2.1)
1.1 (0.6-1.7)
1.6 (1.0-2.7)
1.2 (1.1-1.3)
15 (13-1.6)
1.2 (0.98-1.5)
1.9 (1.5-2.5)

0.3
0.02
0.0001
0.8
0.050
0.0004
<0.0001
0.07
<0.0001

Survival Probabiity (%)

Time (years)
Number at risk

NolLA 4 3216

ILA
wihout Fibrosis 20

with Fibrosis

UIP pattern 69(42-11)  <0.0001  45(28-7.2)  <0.0001

29

5,320 participants in total who had completed the 0
baseline CT are included.

Time (years)

Putman RK, Gudmundsson G, Axelsson GT, Hida T, et al Imaging Patterns Are Associated with Interstitial Lung Abnormality Progression and Mortality. Am J
Respir Crit Care Med. 2019 Jul 15:200(2):175-183.




Why is [LA significant




Clinical Burden: () Prevalence of ILA

Population-based Cohorts Smoking and Lung Cancer Screening Cohorts

AGES- Nagano,
Reykjavik FHS MESA  Japan COPDGene DLCST ECLIPSE MILD NLST
° 7 - 1 7 % Parameter (9,18) (6,8.9) (11-14) (15) (4,9,23) 27) ) 28)  (7,16)
Sample size 5320 3137 3061 9292 1990 1670 692 884
~ Prevalence of ILA 378 (7) 310(10) 80(3) 708 (8) 332(17)  15709) 28 (4) 86 (10)
* ~ 60 years Age 7
ILA group 786 * NA 62+t9 64%x9 60 £5 648 606 625
. Non-ILA group 76+5 + NA 54+10 60*9 58 +5 62+7 57+6 61+5
* Pro gression : PR )

ILA group 172/378 (46) 89/177(50) NA  21/80(26) 345/708 (49) 136/332 (41) 41/157 (26) 4/28  27/86

(14 (1)

1 0-7 O% | N 5 ye ars Non-ILA group 1910/3216 (59) 675/1370 (49) NA  1243/2981 2457/5395  742/1658 (45) 182/528 (34) 185/534 295/696
(42) (46) 35 @2

Pack-years of smoking
ILA group 11 (0-29)! 19 (9-33)" 44 + 26* 44 (30-64)! 38 = 13* 43 (30-60)' NA 60 = 29*
Non-ILA group 0 (0-16)' 11 (4-23)° 21 = 13* 40 (30-54)' 36+ 13* 45 (33-62)' NA 51 = 20*
Overall ILA progression (%) 73 43 NA 44 NA NA NA NA 20
Follow-up time (y) 5 6 NA 4 NA NA NA NA 2
Hazard ratio of mortaliy' 1.3 (1.2, 1.4) 2.7(1.1,6.5) NA NA 1.8(1.1,2.8) 20(14,27) 14(1.1,2.0) NA NA

Note.—Except where indicated, data are numbers of patients, with percentages in parentheses. Adapted, with permission, from reference 2.
AGES = Age, Gene/Environment Susceptibility, COPDGene = Genetic Epidemiology of Chronic Obstructive Pulmonary Disease (COPD)
Study, DLCST = Danish Lung Cancer Screening Trial, ECLIPSE = Evaluation of COPD Longitudinally to Identify Predictive Surrogate
Endpoints, FHS = Framingham Heart Study, ILA = interstitial lung abnormality, MESA = Multi-Ethnic Study of Atherosclerosis,

MILD = Multicentric Italian Lung Detection, NA = not available, NLST = National Lung Screening Trial.

* Numbers are means * standard deviations.
" Numbers are medians, with interquartile ranges in parentheses.

* Numbers in parentheses are 95% Cls.




Clinical burden: (ll) Progression of ILA

n= 3,167

median time
between CT scans,
5.1 yr; interquartile
range, 4.99-5.26 yr

327 (10%) had ILA
on at least one CT
scan,

Data from the AGES-Reykjavik Study

Table 1. Baseline Characteristics of Participants, at the Time of the Second Computed Tomography Scan, Stratified by ILA Status
and ILA Progression Status*

No ILA ILA without Progression ILA with Progression
(n=1,777; 56%) (n =89; 3%) (n =238; 8%)
0 1 2

P Value
All Ovs.1 Ovs.2

Age, yr 745 755 76 5 <0.0001 04 <0.0001
Sex, n (%) <0.0001 0.2 <0.0001
M 704 (40) 42 (47) 131 (55)
F 1,073 (60) 47 (53) 107 (45)
Body mass index, kg/m2 27 =4 27 =5 28 +4 0.06 0.8 0.02
Pack-years smoking, 0 (15 11 (30) 11 (30) <0.0001 0.0001 <0.0001
median, IQR
Smoking status, n (%) <0.0001 0.001 <0.0001
Never 843 (48) 25 (28) 70 (29)
Former 751 (42) 48 (55) 138 (58)
Current 183 (10) 15 (17) 30 (13)
MUCS5B, n (%) <0.0001 O. <0.0001
GG 1,426 (80) 67 (76) 131 (55)
GT 335 (19) 20 (23) 98 (41)
T 15 (1) 1(1) 9 (4)

Definition of abbreviations: 0 =no ILA; 1 = ILA without progression; 2 = ILA with progression; ILA = interstitial lung abnormalities; IQR = interquartile range;
MUCS5B = genotype at the MUC5B promoter polymorphism (rs35705950).

Values are n (%) or mean * SD.

*Comparison of categorical variables was done using Fisher exact tests, continuous variables with two-tailed Student’s ¢ test, and across all three
categories comparisons were made using ANOVA.

Putman RK, Gudmundsson G, Axelsson GT, Hida T, et al Imaging Patterns Are Associated with Interstitial Lung Abnormality Progression and
Mortality. Am J Respir Crit Care Med. 2019 Jul 15:200(2):175-183.



Data from the AGES-Reykjavik Study

Multivariable Logistic Regression to Assess Factors Associated with ILA Progression, Comparing

Those with Imaging Progression with Those without Imaging Progression and Comparing Those

with Imaging Progression with Those without ILA on Either Computed Tomography Scan

Covariate
MUC5B
genotype_
Age!

Sex!

Body mass
index?
Pack-years
smoking!!

Current smoking

status?

Comparison of ILA with Progression with

ILA without Progression

OR (95% CI)

2.6 (1.5-4.4)

1.08 (1.02-1.1)
0.6 (0.4-1.1)

1.05 (0.99-1.1)

0.99 (0.98-1.01)

1.1 (0.5-2.4)

P Value

0.0004

Comparison of ILA with

Progression with No ILA

OR (95% CI)

2.9 (2.2-3.8)

1.08 (1.05-1.11)
0.6 (0.4-0.8)

1.06 (1.02-1.09)

1.01 (1.01-1.02)

1.1 (0.7-1.8)

P Value

<(0.0001

<0.0001
0.0002

0.001

<0.0001

Association between Imaging Features and ILA Progression

Unadjusted Analysis

OR (95% CI)

P Value

Adjusted Analysis_

OR (95% CI)

P Vvalue

Centrilobular nodules

Ground glass!

Subpleural reticular markings
Nonemphysematous cysts

Lower lobe predominant changes
Traction bronchiectasis

Honeycombing*

0.2 (0.1-0.4)
5.9 (2.3-15)
3.1 (1.6-5.9)
5.2 (1.8-15)

5.9 (2.3-14.9)

<0.0001
0.0002
0.0005
0.002

0.0002

0.2 (0.1-0.5)
6.6 (2.3-19)
2.5 (1.3-5.1)
6.7 (1.8-25)

6.6 (2.3-19)

0.0002

Mortality. Am J Respir Crit Care Med. 2019 Jul 15;200(2):175-183.
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Clinical burden: (ll1l) Mortality due to ILA

Table 2. Association Between Interstitial Lung Abnormalities and Mortality

FHS

AGES-Reykjavik

COPDGene

ECLIPSE

(N =2633)

(N =5320)

(N = 2068)

(N = 1670)

Median follow-up time, (IQR), y

Mortality, No. (%)
No ILA
ILA
Mortality difference % (95% ClI)

4.0
(3.3t04.6)

12 (1)
12 (7)

6
(2 to 10)

8.9

(6.7 to 9.9)

1065 (33)
210 (56)

23

(18 to 28)

6.5
(6.2t06.7)

133 (11)
25 (16)

5
(-1to 11)

2.9
(2.9t0 2.9)

27 (5)
18 (11)

6
(1to11)

Models

Unadjusted model

HR P
(95% Cl)? Value

7 <.001
(3.7-16.1)

HR
(95% CI)?

1.4
(1.3-1.6)

HR P
(95% C1)? Value

11 .08
(0.98-2.3)

HR
(95% CI)?

1.5
(1.1-2.1)

Adjusted model® 2.7 .03 1.3 1.8 01 1.4
(1.1-6.5) (1.2-1.4) (1.1-2.8) (1.1-2.0)

Plus % emphysema®* 2.6 .04 1.9 ; 1.4
(1.03-6.7) (1.2-3.0) (1.03-2.0)

Plus coronary disease®® 22 .10 1.2 <.001 1.5 12 1.7
(0.9-5.9) (1.1-1.3) (0.9-2.0) (1.1-2.4)

Plus cancer history®-® 2.6 .03 1.25 <.001 1.8 .008
(1.1-6.2) (1.2-1.3) (1.1-2.8)

Abbreviations AGES, Age Gene/Environment Susceptibility; BMI, body mass € Adjusted HRs include adjustments for age, sex, race, BMI, pack-years of
index; COPD, chronic obstructive pulmonary disease; ECLIPSE, Evaluation of smoking, current or former smoking status, GOLD stage of COPD, and amount
COPD Longitudinally to Identify Predictive Surrogate Endpoints; of emphysema (% < =950 Hounsfield units [HU]).
FHS, Framingham Heart Study; GOLD, Global Initiative for Chronic Obstructive dSee eTable 4 (Supplement) for variables used in addition to the baseline
Lung Disease; HR, hazard ratio; ILA, interstitial lung abnormality; adjusted model.
IQR, interquartile range.

€ Adjusted HRs include adjustments for age, sex, race, BMI, pack-years of
smoking, current or former smoking status, GOLD stage of COPD (except in
the AGES-Reykjavik where GOLD stage was not available), history of coronary
artery disease, and coronary calcium score.

@ All HRs are for the comparison between participants with and without
interstitial lung abnormalities.

b Adjusted HRs include adjustments for age, sex, race, BMI (calculated as weight
in kilograms divided by height in meters squared), pack-years of smoking,
current or former smoking status, and GOLD stage of COPD (where available).

Putman RK, Hatabu H, Araki T, et al. Association Between Interstitial Lung Abnormalities and All-Cause
Mortality. JAMA. 2016;315(7):672-681. doi:10.1001/jama.2016.0518




Framingham Heart Study AGES-Reykjavik Study

HR (95% Cl), 2.7 (1.1-6.5); P=.03 HR (95% C1), 1.3 (1.2-1.4); P<.001

Mortality, %

Years Years

0. at risk No. at risk
ILA 177 176 171 170 107 ILA 378 365 343 328 304 281 259 239 213 137 68 12
NolLA 1370 1367 1364 1361 1022 NolLA 3216 3177 3124 3044 2956 2851 2710 2589 2447 1694 862 228

COPDGene Study ECLIPSE Study

HR (95% C1),
HR (95% C1), 18(1.1-2.8); P = 01 1‘4(“5.1_2_3]);

A | | P=.02

Mortality, %
Mortality, %

Years Years

0. at risk No. at risk
ILA 156 153 149 142 138 135 131 ILA 156 151 145
NoILA 1173 1163 1146 1125 1104 1079 1062 NollA 528 525 505

Putman RK, Hatabu H, Araki T, et al. Association Between Interstitial Lung Abnormalities and All-Cause
Mortality. JAMA. 2016;315(7):672—-681. doi:10.1001/jama.2016.0518




Table 3. Mortality, Interstitial Lung Abnormalities, and Cause of Death for the AGES-Reykjavik Study

No. (%)?
ILA Indeterminate No ILA
No. of participants 378 1726 3216

Deaths

Total 115 (100) 382 (100) 468 (100)

Cardiovascular® 48 (42) 161 (42) 204 (44)

Cancer® 29 (25) 111 (29) 151 (32)

Respiratory® 15 (13) 22 (6) 20 (4) 57
Pulmonary fibrosis 7 1 0 8
Other 8 21 20 49

Other® 23 (20) 88 (23) 93 (20) 204

Abbreviations: AGES, Age Gene/Environment Susceptibility; ICD, International © Cancer deaths included the following: ICD-9 codes 140-239 and ICD-10 codes
Classification of Diseases; ILA, interstitial lung abnormality. C00-D48.

# Percentages were all rounded to the nearest whole number. Some of the 9 Respiratory deaths included the following: ICD-9 codes 460-519 and ICD-10
percentages may sum to greater than 100%. codes JOO-J99.

b Cardiovascular deaths included the following: ICD-9 codes 390-459 and  All causes of death not contained in these ICD-9 and ICD-10 codes were
ICD-10 codes 100-199. included in the category of other.

Putman RK, Hatabu H, Araki T, et al. Association Between Interstitial Lung Abnormalities and All-Cause
Mortality. JAMA. 2016;315(7):672—681. doi:10.1001/jama.2016.0518




(iv) Smokers and Lung cancer screening

Table 1: Major Results of ILA Studies in Large Cohorts
Population-based Cohorts Smoking and Lung Cancer Screening Cohorts
AGES- Nagano,
Reykjavik FHS MESA  Japan COPDGene DLCST ECLIPSE MILD NILST
Parameter (9,18) (6,8,9) (11-14) (15) (4,9,23) (27) ©) (28) (7,16)
Sample size 5320 2633 3137 3061 9292 1990 1670 692 884
Prevalence of ILA 378 (7) 177 (7) 310 (10) 80 (3) 708 (8) 332(17) 157 (9) 28 (4) 86(10)
Age (y)*
ILA group 786 70 = 12 NA 629 64*9 60 x5 64*8 606 62%5
Non-ILA group 76 %5 5611 NA  54+10 60=9 58 + 5 62+7 57+6 61 %5
Percentage of women (%)
ILA group 172/378 (46) 89/177 (50) NA 21/80 (26) 345/708 (49) 136/332 (41) 41/157 (26) 4/28  27/86
(14) (31)
Non-ILA group 1910/3216 (59) 675/1370 (49) NA 1243/2981 2457/5395  742/1658 (45) 182/528 (34) 185/534 295/696
(42) (46) (35 (42
Pack-years of smoking
ILA group 11 (0-29)' 19(9-33)' NA 44 26" 44 (30-64)' 38*13" 43 (30-60)' NA 60 = 29*
Non-ILA group 0 (0-16)' 11(4-23)' NA 21 +13* 40(30-54)" 36+ 13* 45 (33-62)' NA 51 *+20*
Overall ILA progression (%) 73 43 NA EE NA NA NA NA 20
Follow-up time (y) 5 6 NA 4 NA NA NA NA 2
Hazard ratio of mortality* 1.3 (1.2,1.4) 2.7(1.1,6.5) NA NA 1.8(1.1,2.8) 20(14,27) 14(1.1,20) NA NA
Note.—Except where indicated, data are numbers of patients, with percentages in parentheses. Adapted, with permission, from reference 2.
AGES = Age, Gene/Environment Susceptibility, COPDGene = Genetic Epidemiology of Chronic Obstructive Pulmonary Disease (COPD)
Study, DLCST = Danish Lung Cancer Screening Trial, ECLIPSE = Evaluation of COPD Longitudinally to Identify Predictive Surrogate
Endpoints, FHS = Framingham Heart Study, ILA = interstitial lung abnormality, MESA = Multi-Ethnic Study of Atherosclerosis,
MILD = Multicentric Italian Lung Detection, NA = not available, NLST = National Lung Screening Trial.




* In patients with early-stage cancers treated with surgical resection,
ILA - associated with a risk of postoperative pulmonary complications
such as pneumonia, acute respiratory distress syndrome, respiratory
failure, bronchopleural fistula or empyema, prolonged air leakage,and

pneumothorax

Table 4 Risk factors assaciated with PP(

0.007

0.019 0.014
0.003 0.004
L.0OC

0.005

0.009 0.004
0.010

m Y, Park HY, Shin S, Shin SH, Lee H, Ahn JH, Sohn |, Cho JH, Kim HK, Zo JI, Shim YM, Lee HY, Kim J. Prevalence of and risk
factors for pulmonary complications after curative resection in otherwise healthy elderly patients with early stage lung
cancer. Respir Res. 2019 Jul 4;20(1):136. doi: 10.1186/s12931-019-1087-x. PMID: 31272446; PMCID: PMC6610954.



* The incidence of immunotherapy-associated pneumonitis significantly

higher in patients with pre-existing ILA than in those without
ILA

Among 83 enrolled patients, the incidence of ICI-ILD was 16.9% (14/83). All ICI-ILD cases
developed by the third line of treatment. The incidence of ICI-ILD was significantly
higher in patients with pre-existing ILA than that in those without (p = 0.007).
Furthermore, patients with ground glass attenuation (GGA) in ILA had a higher incidence
of ICI-ILD than that in those without (p < 0.001). In univariate logistic analysis, ILA were
significant risk factors for ICI-ILD (p = 0.005). Multivariate logistic analysis revealed that
only GGA in ILA was a significant risk factor for ICI-ILD (p < 0.001).

Nakanishi Y, Masuda T, Yamaguchi K, et al. Pre-existing interstitial lung abnormalities
are risk factors for immune checkpoint inhibitor-induced interstitial
lung disease in non-small cell lung cancer. Respir Investig 2019;57(5):451—
459.



Risk factors for [LA progression




Risk factors: (i) Age

Table 1. Baseline Characteristics in the Framingham Heart Study and COPDGene Cohort Stratified by Age Group

. Age Group
i Framlngham Hea rt StUdy = Age <60 yr [Number (%) or Age =60 yr and <70 yr [Number Age =70 yr [Number (%) or P

p reva Ie nce o f | L A N 7 O ye ars Median (IQR)] (%) or Median (IQR)] Median (IQR)] Value*

47(y Framingham Heart Study 1,017 (66) 332 (22) 192 (12) —

0. ILA 44 (4) 41 (12) 91 (47) <0.0001
Sex, F 473 (47) 189 (57) 99 (52) 0.43
BMI, kg/m? 28 (25-32) 28 (25-32) 28 (25-31) <0.0001
Pack-years smoking 0 (0-8) 5 (0-20) 8 (0-24) <0.0001
Current smoking 71 (7) 16 (5) 3 <0.0001
CAC score’ 0 (0-19) 48 (0-270) 246 (40-725) <0.0001

COPDGene stu dy — LA COPDGene Study* 272 (29) 410 (44) 246 (07)

ILA 10 (4) 10 (2) 14 (6) <0.0001
: Sex, F 128 (47) 171 (42) 97 (39) 0.09
preva Ience mcreased from BMI 27 (23-31) 27 (23-31) 27 (24-31) 0.74
. . Pack-years smoking 41 (32-57) 51 (40-74) 56 (39-76) <0.0001
4% in < 60 years to 6% in Current smoking 148 (54) 111 (27) 26 (11) <0.0001
CAC score’ 2 (0-102) 86 (3-291) 193 (29-543) <0.0001
those > 70 yea ) African American race 85 (31) 59 (14) 19 (8) <0.0001
GOLD stage 0.01
2 114 (38) 131 (30) 88 (34)
3 99 (33) 138 (31) 95 (37)
4 84 (28) 172 (52) 77 (30)
Percent emphysema 7 (2-23) 16 (5-29) 16 (7-26) 0.004
(<—950 HU)S

Definition of abbreviations: BMI=body mass index; CAC = coronary arterial calcium; COPDGene = Genetic Epidemiology of Chronic Obstructive
Pulmonary Disease; GOLD = Global Initiative for Chronic Obstructive Lung Disease; HU = Hounsfield units; ILA =interstitial lung abnormalities;

IQR = interquartile range.

*P values represent the between-group differences. In the Framingham Heart Study, P values are from generalized estimating equations to adjust for
familial correlation. In the COPDGene Study, P values are from Fisher exact tests for categorical variables and Kruskal-Wallis tests for continuous variables.
"The CAC score is calculated using the Agatston scoring method (24). There were 158 COPDGene participants missing a CAC score in this subset.
*All COPDGene participants in this subset had a GOLD grade = 2 for chronic obstructive pulmonary disease.

SPercent emphysema is calculated as the percentage of the lung below —950 Hounsfield units. There were 37 COPDGene participants missing percent
emphysema in this subset.




Table 2. Association of Aging Biomarkers with ILA in the Framingham Heart Study

Unadjusted Odds of ILA Adjusted Odds of ILA* Adjusted Odds of ILAT
Biomarker OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value

0.0002 4 (1.8-6. 0.0002

0.004 .1 (1.6-6. 0.0004
<<0.0001 .8 (1.4-2. <<0.0001
<0.0001 7 (1.3-2. <<0.0001

0.01 7 (1.4-2. 0.01

0.16

0.21

0.79

0.37

0.66

Presence of ILA associated GDF15, In 12.2 (7.8-19.2) <0.0001
TNFR, In 8.0 (4.8-13.1) <0.0001

with increased levels of IL-6, In : <0.0001
CRP, In 2 <0.0001
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Definition of abbreviations: Cl=confidence interval; CRP =C-reactive protein; GDF15 = growth differentiation factor 15; HGBA1C=Hb A1C;

IGF =insulin-like growth factor; IGFBP =IGF binding protein; ILA=interstitial lung abnormalities; In=natural log transformed; OR = odds ratio;
TNFR=tumor necrosis factor « receptor |l

*All models are adjusted for age, sex, body mass index, current smoking, smoking pack-years, and familial correlation. Each biomarker is included in its
own model. ORs depict an In increase in biomarkers, as noted.

'Additionally adjusted for coronary arterial calcium score and adjudicated clinical coronary heart disease.

Sanders JL, Putman RK DupU|sJ Xu H I\/IurabltoJmet aI The Association of Aging Biomarkers, Interstitial Lung




Data from the AGES-Reykjavik Study

Multivariable Logistic Regress
Those with Imaging Progressid

with Imaging Progression witl

Comparisq
IL

Covariate OR

MUC5B 2.6 (

genotype_

Body mass

ILA progression is more likely in older individuals
The increased risk of mortality in those with ILA persists independent of age:
suggests that ILA remains clinically relevant in older patients.

\lysis

P Value

0.0002

0.0004

index?
Pack-years 0.99 (0.98-1.01)
smoking"

Current smoking 1.1 (0.5-2.4)

L 4
status’®

e e

Nonemphysematous cysts 3.1 (1.6-5.9) 0.0005
Lower lobe predominant changes 5.2 (1.8-15) 0.002
1.01 (1.01-1.02) <0.0001

Traction bronchiectasis 5.9 (2.3-14.9) 0.0002

1.1(0.7-1.8) j Honeycombing* _ _

Z5(13-5.1)  0.009
6.7 (18-25)  0.004

6.6 (23-19)  0.0004

Putman RK, Gudmundsson G, Axelsson GT, Hida T, et al Imaging Patterns Are Associated with Interstitial Lung Abnormality Progression and

Mortality. Am J Respir Crit Care Med. 2019 Jul 15;200(2):175-183.




Risk factors

Connective Tissue Disease

721 studies screened : 52 studies

selected

Author

MeanAge

Matson

564 (4242868)

CastelanosMoreia

RA

$9.7 (13.0)

Dong

52 (47-57)

Cobo<dbanez

DMPM

47.7 26.762.1)

Perez

579#%5

Dawson

RA

$8.9 (10.3)

E sposto

63 (55-71)

De Santss

SSc

S$49(126)

Afeitra

MCTD

572125

Duarte

RA

6322124

Zhao

pSS

55.5 (14.2)

Eha

SSc

59.6 (13.6)

Zhang

RA

61 %13

Foochamen

SSc

546+1038

Zhang

pSS

§6.2 37-69)

Hax

SSc

50.9 (13.9)

Zanatta

SSc

554 (z124)

Hayashi

DM/PM

S4 (218147 (2770)

Yuan

DW/PM

S55(154)/504 (15.4)

Hoffmann-Void

SSc

Yiu

SSc

S8 (1S)

Iniesta Arandia

SSc

53 (14.83)
442 (16.4)

Yanaba

SSc

NA

Jung

SSc

50.1 (13.5)

Yalgnkaya

SSc

4492127

Li

RA

526221495

Wuttge

SSc

NA

Marie

DM/PM

53

Watanabe

DM/PM

59 (£4:267)

Mok

SSc

47.7 2130

Wang

RA

5960366

Narvaez

SLE

37 213

vanBon L

SSc

42.42123 74338112

Tomita

SSc

5042208

Paim

psSsS

52 (14)

Tezcan

SSc

NA

Peng

DM

496 (13.3)

Quian

pSS

4842127

Tanaka

DM/PM

540 (36 to 65)/54.5 (19 to 78)

Omer

RA

457 2159 years

Richman

RA

NA

Aubart

RA

NA

Schnabel

DMPM

53.5 (46.566.5)

Steelandt

SSc

64214 .48)

Avouac

SSc

5721463 214

Vandecastesle

SSc

54 (14)

Benyamine

SSc

5929 £1398

Yang

DMPM

4(13ys 7

Bodolay

MCTD

49.18 (28-73)

Yazsiz

pSS

606119

Buvry

pSS

55 (14.9)

Zhou

SSc

52.8*129

Podolanczuk AJ, Hunninghake GM, et al; Approach to the Evaluation and Management of Interstitial Lung Abnormalities: An Official American Thoracic Society

Clinical Statement. Am J Respir Crit Care Med. 2025 May 19




ILD Prevalence
Study or Subgroup st Weight IV, Random, 5% C1

Alotra 2008 00IN6T460Z  19%  OBS[O.IT. 093] .
Autant 2011 0018144516 20%  0.09[0.06,013 . . .

Avousc 2010 DOM4167068 20%  03S[0.32, 038 . O t b t - I th

vl bl ol s fiopn N aggregation by meta-analysls, e

Bodotay 200 D03NTIONE  19%  0.67[0.90, 074

Buwry 2020 0054380526 18%  0.28[0.97,0.39) . o
Castelianos-Moreirn 2070 0030228552 20%  0.21[0.15,027] t t d p | f ILA /II_D 40/
Cobo-Ibanez 2019 DON6233  20%  0.27[023,031] E es Ima e reva ence 0 S WaS 0
Duwson 2001 0032031238  20%  0.19[0.33, 025

De Santis 2012 DOLSISTES  18%  D.65[0.58, 078 950/ CI 33_430/

Dong 2018 0114963762 0.39(0.16 . 0.62] (o) ) (0]

Duarte 2019 0.005818023 0,04 [0.03 . 0.05] g

Era 2019 0.024430674 0.55[0.50 , 0.60]

Esposito 2002 0.034681842 0.15[0.08 , 0.22]

Foocharoen 2020 0020973481 0.47 [0.43, 0.51]

beax 2017 0.036056723 0,57 [0.50 . 0.64]

Mayashi 2008 0.006057820 0.0 [0.47 , 0.73]

Poftmann-Vekd 2018 0017160377 040 (0.37, 0.43]

inata Arandia 2017 003370687 0.39[0.32 , 0.45]

Jung 2018 0.047100759 040 [0.31, 0.49]

L2018 0015058054 2 0.30[0.27, 0.33]

Marie 2011 0.024725563 %  031[0.26,036]

dos2evsa2e ospe. 086 : Prevalence of ILA according totype of CTD on subgroup analysis

0 002469004 002 002,002

00125965548 0.07 [0.05, 0.90) - .

Someci i Swi.em CTD No of studies Prevalence, 95% Cl
ooomessess oot a ) . included

002908426 036031, 042

0.058547961 032[0.20, 0.43]

Sonairies enpaz. 084 Rheumatoid arthritis 13 23% (17-29)
0 044005065 049 [0.40 0857 -
Q00838 045032, 054

earromam el Systemic Sclerosis 22 45%; (42—49)
01540357 G502, 09y -
0.038531372 0.52 [0.45 , 0.60]

ocarretee 0w 1.0 Sjogren’s Syndrome 5 39% (18-59)

005103103 0.25[0.95, 0.35)
0 058X33267 0511039, 0862]

0071413047 049 10.35 063 LS

oo i g : Dermatomyositis/ 10 44%; (37-52)
0049507377 . 0.50 [0.40 , 0.80]

0.059781863 0.50[0.38, 0.62] '

B ooy Polymyositis

0.051334378 064 [0.54.0.74)

0021118086 0431030 047

0047685406 0.49 [0.40 , 0.58]

0033757y 20% 0.63 [0.57 ,0.70)

Metarogenelty: Taus = 0.04; Ch¥* = 642103, o = 81 .- e Podolanczuk AJ, Hunninghake GM, et al; Approach to the Evaluation and Management of Interstitial

haoveasisastumponbutiion ooy ' Lung Abnormalities: An Official American Thoracic Society Clinical Statement. Am J Respir Crit Care Med.

2025 May 19




Duration to development of ILA in CTDs

100 — DLCO <80%
. Gl involvement
Skin involvement

In 695 SSc patients who had a
baseline visit within 1 year of RP
onset,

a1y Digital ulcers The incidence of non-RP

=1 Cardiac manifestations
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Jaeger VK, Wirz EG, Allanore Y, Rossbach P, et al; EUSTAR co-authors. Incidences and Risk Factors of Organ Manifestations in
the Early Course of Systemic Sclerosis: A Longitudinal EUSTAR Study. PLoS One. 2016 Oct 5;11(10):e0163894.




> A baseline chest HRCT scan to screen for ILAs/ILD in adults with CTDs that
are associated with an increased risk of ILD.

»New pulmonary involvement in a patient with CTD - initiation or escalation
of immunomodulatory therapy

»Screening may identify such pts (For every 1,000 patients with a high-risk
CTD, ~ 400 may be found to have ILAs/ILD)




Why not just PFT?

Performance of Forced Vital Capacity and Lung Diffusion Cutpoints for Associated
Radiographic Interstitial Lung Disease in Systemic Sclerosis

Kimberly Showalter, Aileen Hoffmann, Gerald Rouleau, David Aaby, Jungwha Lee, Carrie Richardson, Jane Dematte, Rishi Agrawal, Rowland W. Chang and Monique Hinchcliff
The Journal of Rheumatology November 2018, 45 (11) 1572-1576; DOI: https://doi.org/10.3899/jrheum 171362

404 patients enrolled in
Northwestern Scleroderma Registry

FVC 80% 265 patients with 21 HRCT and > 1

predicted

PFT -
Dt 265 with FVC values, 214 with DLCO

Sensitivity

= FVC (N =265)
~ DLCO(N=214)
Area Under the Curve:
FVC: 0.744
DLCO 0.713

01 02 03 04 05 08 07 08

| - Specificity




Variables Sensitivity | Specificity Positive Negative

Why not just PFT?

< 88 (conventional and a.69 8.73 8.86 @8.49
optimal)

Predictive Value Predictive Value

DLCO ¥ predicted, n = 214

< 68 (conventional) @.58 8.78 8.82 a.41
< 62 (optimal) 8.60 8.7@ @.83 @.42
< 78 (alternative) 2.80 8.51 8.88 @8.52
o [ 1 < 8@ (alternative) @.92 8.32 8.77 8.63
09 - Combination of PFT
thresholds % predicted, n =
214
08
PV 9% FVC < 8@ and DLCO < 6@ 0.46 8.81 @.85 @.38
07 -4 predicted ©eeen © o ’ : : '
> o6 - FVC < 8@ or DLCO < 6@ @.79 8.57 9.82 @.53
= ‘ DLCO 62%
- predicted -~
5 05 FVC < 8@ and DLCO < 62 @.49 2.81 2.86 @.49
w
04 4 FVC < 8@ or DLCO < 62 @.80 2.56 2.81 @.53
= FVC (N = 265)
03 4 ~ DLCO(N=214) FVC < 8@ and DLCO < &5 8.53 B.78 B.85 .41
Arca Under the Curve:
02 4 FVC: 0.744 FWC < 80 or DLCO < 65 @.82 8.46 8.78 8.52
DLCO 0.713
01 FVC < 8@ and DLCO < 7@ 8.61 8.76 8.86 @.45
00 1 FVC < 8@ or DLCO < 7@ ®.87 8.43 8.78 @.57
! 1 ' | 1 ] | 1 | ]
00 01 02 03 04 05 08 07 08 0a 10
FVC < 8@ and DLCO < 8@ @.66 @.73 @.85 a.47

1 - Specificity
FVC < 8@ or DLCO < 3@ 8.94 8.27 8.76 8.65




Risk factors (iii) Familial Progressive Fibrosis

* FPF — “any fibrotic ILD in at least two blood relative first- or second-
degree family members”

* Presence of familial disease increases the likelihood of a progressive
pulmonary fibrosis

* Indicative of a possible (Telomere related gene) TRG or (surfactant
related gene) SRG mutation

Borie R, Kannengiesser C, Antoniou K, et al. European Respiratory Society statement on familial pulmonary
fibrosis. Eur Respir J. 2023;61(3):2201383. d0i:10.1183/13993003.01383-2022




Prevalence of ILA/ILD among first-degree
relatives of patients with familial pulmonary
fibrosis

Prevalence of ILA/ILD among first-degree
relatives of patients with IPF and no other
known family members with ILD

LA&LD ) ES (95% Cl)

Lucas 2023 0,47 (0.21,0.73)

McGroder 2023 0,19 (0.09, 0.33) ILA&ILD

Hunninghake 2020 026(0.14, 0.41)

McGroder 2023 +* 0.10(0.01,0.30)

Mathai 2019 0,19 (0.15, 0.23)

Hunninghake 2020 0.36(0.24,0.49)

Rosas 2007 0.32(0,25, 0.39)

Aburto 2021 025(0.17,0.35)

Subtotal ("2 =75.03%, p = 0.00) 0.26 (0.18, 0.34)

|
|
|
Sublotal (2= %, p =) <> 024(0.13,0.38)

LD

Lucas 2023 f 0,07 (0.00,0.32) : LD

Hunninghake 2020 - 0,13 (0,05, 0,26)

Rosas 2007 : 0,13 (0.08,0.19)

I

|

I

|

|

Hunninghake 2020 > 0.22(0.12,0.35)

I

|

Subtotal (M2=.%,p=) | 0,12 (0.08, 0.17) ;
|

I

Podolanczuk AJ, Hunninghake GM, Wilson KC, Khor YH, Kheir F, Pang B, Adegunsoye A, Cararie G, Corte TJ, Flanagan J,
Gudmundsson G. Approach to the evaluation and management of interstitial lung abnormalities: an official American
Thoracic Society clinical statement. Am J Respir Crit Care Med. 2024;209(6):650-668. doi:10.1164/rccm.202401-0121ST




* Chest CT screening for ILA in adults over 50 years of age who have a
first-degree relative with familial pulmonary fibrosis (FPF).

For every 1,000 screened, 250 individuals may potentially benefit from early detection, monitoring,
or intervention.

* In adults >50 years of age who have a first degree relative with IPF
and no other known family members with ILD - smaller evidence base
for estimation of prevalence of ILAs/ILD (172 total individuals) vs for
first-degree relatives of patients with FPF (1,039)

5 years interval of screening — reasonable




Table 1 Comparison of demographic and clinical variables between familial and sporadic PF patients

Variables Total FPF FPF-DC FPF-DS Sporadic patients  Significance of
patients (N=77) (N=57) (N=20) (N =50) difference

Mean age symptom onset 571 57597 6385 p=0.012
(years) (FPF-DC ws. sporadic)

Mean age at diagnosis (years) 6065 6143 . 66.58 p=0.012 Increased prevalence in individuals older
(FPF-DC ws. sporadic)
Mean age at death or N/C 64.58 (n=36) 5 =6 7060 (n=32) p=0.025 tha n the age Of 50 yea rs.

transplant (n=number of (FPF-DC vs. sporadic)
deceased or transplanted patients)

— For certain genetic variants- early screening
enaer

Number (36) males M=43 (55.8 %) M=34 (59.6 %) ! M=31 (62.0 %) p=0531 may be needed .
Mumber (%) fernales F=34 (442 %) F=23 (404 %) ; F=19 (380 %) (total FPF vs. sporadic)

Current or ever smokers (%) 61/76 (803 %)  45/5 (804 %) 16 . 42/50 (84.0 %) p=0767 Recommendation: starting 5 years before the

(total FPF vs. sporadic)

Number of patients with symptom at diagnosis: FPF-DC ws. sporadic youngESt age Of diagnOSiS Wlthln the famlly
Dyspnea 43 (754 %) : 44 (880 %) p =009

Cough 37 (649 %) 35 (70.0 %) p=0576

Chest pain 14 (246 %) 12 (240 %) p=0946

Pneumonia 10 (175 %) 7 (14.0 %) p=0617

Hemoptysis 5 (8.8 %) 1(2.0%) p=0129

Preumaothorax 2 (3.5 %) 0 (0.0 %) p=0181

Most specific diagnostic test

Number of patients (%)

xR 4 (5.2 %) 41(7.0 %) 0 (0.0 %) 0 (0.0 %)

HRCT 40 (519 %) 23 (404 %) 17 (850 %) 31 (62.0 %)

Surgical lung biopsy 30 (39.0 %) 28 (49.1 %) 2 (10.0 %) 21 (42,0 %)

Autopsy 3 (3.9 %) 2 (3.5 %) 1 (5.0 %) 0 (0.0 %)

lreatments: Number of patients (%) FPF-DC vs. sporadic
Prednisone 40 (519 %) 38 (66.7 %) 2 (100 %) 36 (720 %) p=0551
Cycdophosphamide 7 (9.1 %) 7123 %) 0 (0.0 %) 2 (4.0 %) p=0170

Azathioprine 12 (156 %) 11 (193 %) 150%) 12 (240 %) p=0555 Fernandez et al.: A Newfoundland cohort of familial

N-acetyl cysteine 16 (208 %) 13 (228 %) 3 (15.0 %) 20 (400 %) p=0055 and sporadic idiopathic pulmonary fibrosis patients:

FPF =familial pulmonary fibrosis, FPF-DC = familial pulmonary fibrosis diagnosed because individual developed clinical symptoms of lung disease, FPF-DS=familial features. Respirato ry Research 2012 13:64.
pulmonary fibrosis diagnosed because the individual had clinical screening based on family history, N/A = not applicable, N/C= not calculated, %= percentage,
CXR=chest X-ray, HRCT = high resclution computerized tomography of chest,




Anticipation

* The median age at diagnosis of 91 adult patients carrying SRG mutations -
45 years (range 18-72 years)

* |In TRG mutation carriers, the median age at diagnosis of ILD is 62 years
(range 35—79 years)

e Patients with TRG mutations transmit their short telomeres independently
of transmission of the mutation and telomeres shorten at a younger age in
subsequent generations

* Genetic anticipation - an earlier and more severe disease with each
generation . Age at diagnosis - highly correlated among affected family
members of the same generation and decreases over generations by a
mean of 6—18 years in FPF

Borie R, Kannengiesser C, Antoniou K, et al. European Respiratory Society statement on familial pulmonary
fibrosis. Eur Respir J. 2023;61(3):2201383. doi:10.1183/13993003.01383-2022




Representative pedigree of a family with a telomere-related gene mutation associated with pulmonary fibrosis, liver
cirrhosis and hair greying, of autosomal transmission with genetic anticipation and telomere shortening. The proband is
indicated by an arrowhead. Relatives IV.1 and IV.2 underwent pre-symptomatic screening. Age is indicated. +: carrier of
the mutation; —: non-carrier of the mutation; *: unknown genetic status. TL: telomere length; P: percentile.
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Borie R, Kannengiesser C, Antoniou K, et al. European Respiratory Society statement on familial pulmonary
fibrosis. Eur Respir J. 2023;61(3):2201383. doi:10.1183/13993003.01383-2022




Once diagnosed, what next 7




Baseline Symptom T

with

Dartirs 3 - Barties,

without ILA 1A with ILA

Assessment

Age —yt 56=11 61=12 70=12
Female sex — no, (%) 675 {49) 561 (52) 89 {50)
Body-mass index 2946 28:5 2845
Smoking status
Former smoker — no.jtotal na. (%) 591/1360 (43) S0L/1073 (47)  92/175 (83)
Current smoker — no. total no. (%) 73j1360(5) 721073 (7) 17/175 (10)
Packyr — no. 17416 21220 26220
Respiratory symptoms — no, (%)
Chronic cough 87 (6) 68 (6) 21002y

Shortness of breath with minor 117{9) 143 (13) 31 (18)
exertion

Pulmonary-function testing
FEV, — % of predicted valuet 98:15 98:15 98:17
FVC — % of predicted value} 10113 103213 101=15
FEV, FVC — % of predicted valued 96=9 9529 9729
Spirometric restriction — no.ftotal no. (3)] 48/1207(4)  25/1011 (2) 5/159 (4)
Airflow obstruction — no. ftotal no. (36}9 591297 (5)  54/1011 (3) 10/159 (6)

Diffusion capacity of carbon monoxide — 98415 97+15 86214
% of predicted value|

Total lung capacityM
Mean — liters 52212 47:11 46212 <0.001
Percent of predicted value 88+14 30-16 79217 <0.001 <0,001
<80% of predicted value — no ftotal no. (%) 359/1299 (28) 4837981 (49)  81/148(55) <0.001 <0001

Plus-minus values are means +SD. Data are missing for patients in the foll : current and former
smoking status, 25 participants {1%), spirometry, 165 pnmclpants {6%); diffusion capa capacity of carbon monowde, 572
participants (22%); and total lung capacity, 192 participants (7%). The -miss index is the weight in kilograms di-
vided by the square of the height in meters. FEV, denotes forced expiratory volume in 1 second, and FVC forced vital

capacity.
P values for the comparnison among all groups and for the comparison b p with ILA and those wam-
out ILA were calculated with the use of general Iinear models to far familial relationsh ps in the Frami
Heart Study, as described previously,'”
wedvctod values for FEV, and FVC are detived from Hankinson et al '*
was defined as an FVC ofless thar 80% of the predicted value with an FEV:FVC ratio that is
more than Ihe lower limit of the normal range. ™
Airflow obs‘t;ucﬁon was defined as an FEV, and an FEV :FVC ratio that are both less than the lower limit of the nor.
mal range.
Predicted values for the diffusion capacity of carbon monoxide are derived from Miller et al **
Quantitative values for total lung capacity were calculated with the use of Airway 1 {www.
worg). Predicted values in this category are based on the guidelines of the Amercan Tharacic So:»ety and Europun

Respiratory Society. ™

Hunninghake GM, Hatabu H, Okajima Y, Gao W, et al MUC5B promoter polymorphism and interstitial lung abnormalities.
Med. 2013 Jun 6;368(23):2192-200.
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The radiological patterns of interstitial change at an early phase:
Over a 4-year follow-up

Affiliations & Notes \v  Article Info v

e 3079 subjects from rural Japan
e LDCT for cancer screening

* honeycombing, interlobular
septal thickening (IST), ground
glass opacity (GGO), ill-defined
subpleural line (IDS), and
combined pulmonary fibrosis
and emphysema (CPFE)
Clinical examination

PFT

6MWT



o Smmm—————
FULL LENGTH ARTICLE - Volume 104, Table 1 Characteristics of normal and abnormal subjects clorified by low-dose CT scan and HRCT scan.

The rCIdiOlogiCCll {A] Norma subject (= 2981) {8) Abnormot subject (1 = )

Over a 4-year fol = s —

Sex, MF 173801243 i

Affiliations & Notes v Article I v

N of subjects (%) 153 {s14) sh {jo.0)
Current smokers {%) 965 (324} % (4s.0)
Pack-year 9208 af0 ey
Foemer smakers () sha (18 ) 20 (250)
Pack-year 054324 aB7e259

Nevar smokers (%) 1450 (48.6) w00

Symptoars - no: of subjects (%)
Cheonic coogh a28{14.4
Cheonic sputurn £33 8

Shortness of breoth 82}

Physicol examinations-no. (%)
Fine crackles nfy)

Fine crackies + clubbed fingar als.0)

Joto are the meon £ SD. Cotegoricol date (sex, smoki bar of subj symptoms - couch, and sputum) were onalvzed by chi-square test. no, number: M. male: £, female.




Baseline Symptom Assessment

e Can assist in distinguishing ILAs from ILD

» Establish a symptom burden at baseline against which changes can be assessed during future follow-
up,

* Guide clinical assessment for other causes of abnormal CT findings that may require other specific

management approaches.

How?
Visual analogue and numerical scales for cough and dyspnea assessment

Inspiratory crackles +/- : aids in early identification of ILD and should ideally be documented alongside symptom
assessment

Hunninghake GM, Hatabu H, Okajima Y, Gao W, et al MUC5B promoter polymorphism and interstitial lung abnormalities. N Engl J
Med. 2013 Jun 6;368(23):2192-200.



Table 2. Odds of Having Interstitial Lung Abnormalities on Enrollment High-Resolution Computed Tomography, Based on
Selif-reported Occupational and Environmental Exposures

n (%) of Subjects Univariable Multivariable* [ ]
Exposure Exposed (n = 265) OR (95% ClI) PValue  FDR P Value aOR (95% CI) P Value EX p OS l | r‘e I Sto ry
Dusts
Grain 44 (16.6) 1.34 (0.60-3.00) 04717 0.6119 B -
Hay 67 (25.3) 1.70 (0.85-3.38) 0.1329 0.3038 — —
Asbestos 39 (14.7) 1.44 (0.62-3.22) 0.3803 0.5476 — —
Silica or sand 38 (14.3) 1.04 (0.44-2.46) 0.9330 0.9330 — —
Mica feldspar 5(1.9) 2.37 (0.33-16.84) 0.3847 0.5476 - —
Coal 22 (8.3) 3.33 (1.24-8.99) 0.0177 0.1340 — -
Rock 34 (12.8) 2.44 (1.06-5.64) 0.0368 0.1472 — —
Clay or ceramics 27 (10.2) 1.83 (0.72-4.65) 0.2022 0.3801 — —
fos, rs mamse e = =
arglass ) - L A _ _— . . . . . . . N
Cotton 29 (109) 196 (0.80-4.84) 01418 0.3094 — - Supplemental Table E4. Multivariable model with all statistically-significant environmental
F
i gueg  ampmesm g o = = P e
tal » 1 -~ 01 0. - - =
F:ms ?u?tale ) 53.4)) 1.66 }o 35-7.77) 0.5183 0.6547 —_ n=265 SUDJeCtS OR (CI 95%) =
Aluminum seneing Sl g T onses 14.88 (267-97.73)  0.005 Age, per +1 year 2.79 (1.24-6.27) 0.01
tic 2 4 f -— o
Ever Smoker 1.09 (1.04-1.13) 0.0001
Gases . . . .
H Ifide 4 (1.5 8.85 (0.74-105.7 0.0845 0.2150 — — =
&yﬁi.?%i?ai” 7 Ez.e; 852 51.35-53429; 0.0223 0.1340 —_ - MUC5B GT/TT (VS GG) 1.70 (0-80‘3-62) 0.17
Nit ide 8 (3.0 3.40 (0.70-16.40) 0.1270 0.3038 - -
C;gg:nn?:poxnde a3 gz.)S) 268 {1.13-5.35)’ 0.0255 0.1340 = — TRF !ength. per f1 kb 0.75 (0.50-1.13) 0.17
koo e 506 0210358 otr  ome = = Aluminum Smelting 11.52 (1.50-88.33) | 0.02
Elements and metals Lead 1.69 (051 -563) 0.39
Arsenis 4 (1.5 4.07 (0.46-36.24 0.2059 0.3801 — — -
admm 168 1% o ze og)) o sl = = Birds 2.03 (0.83-4.94) 0.12
| 013.8 0.56~9.8 A 3 —_ —_
Sopper " 2 53.732 si? o e 325 N . Mold 3.22 (1.40-7.41) 0.006
10. 3. 1.50- Q. Q. s 1.05-8.0 0.04 N A .
Mereii s alLioase .  oae st o " *Each allele with a copy of the MUC5B (Mucin 5B) gene promoter polymorphism (rs35705950)
o ek W e 1o loarst | opase b = = is denoted by a T. TRF: telomere restriction fragment; kb: kilobase
Zinc 13 (4.9) 2.19 (0.60-7.95) 0.2305 0.4098 — —
Nicket 10 (3.8) 1.44 (0.31-6.63) 0.6382 0.7102 — B
Chemicals
Acid 22 (8.3) 2.48 (0.91-6.77) 0.0761 0.2149 - -
Alkali 15 (5.7) 2.93 (0.92-9.35) 0.0699 0.2149 — -
Ammonia 54 (20.4) 1.23 (0.58-2.61) 0.5812 0.6974 - -
Detergent 87 (32.8) 1.16 (0.61-2.21) 0.6563 0.7160 — —
Dyes 18 (6.8) 1.39 (0.43-4.48) 0.5807 0.6974 - -
Pesticides 59 (22.3) 1.44 (0.70-2.97) 0.3197 0.5115 B B
Herbicides 46 (17.4) 1.65 (0.72-3.57) 0.2024 0.3801 — —
Rodenticides 13 (4.9) 1.70 (0.45-6.37) 0.4300 0.5733 —_— - o
Resi 21 (7.9 1.06 (0.34-3.3 0.9175 0.9330 — —
F:Sm?asldahyds 16 Ea.og 2.83 Eo 90-8. eg 0.0755 0.2149 - — 3 3 6 Su bJ e Cts
Organic antigens
Birds 51 (19.3) 3.40 (1.63-7.09) 0.0012 0.0528 3.37 (1.53-7.41) 0.003
Mold 63 (23.8) 2.89 (1.45-5.77) 0.0028 0.0528 3.83 (1.78-8.25) 0.001
et ol 2nm.  fwesen o oo = = health hist d ti i
00! d K .63-5. 3 . —_ —
Leakmggpcpes 15 (5.7) 1.69 (0.50-5.68) 0.3926 0.5476 - - d nea ISTO ry an ex p osure q uestionnaire
Basement water 38 (14.3) 0.66 (0.24-1.76) 0.3893 0.5476 — —

Desfinfion of abbraviations: a0OR = adusted odds ratio; Cl = confidence interval; FOR = false discovery rate; OR = odds ratio.
*Each exposura with an FOR-adjusted P < 0.1 is included in a multivariable model adusted for age, smoking status, MUCSEB genotype, and telomere
restriction fragment length, vath one exposure included per maodel.

Salisbury ML, Hewlett JC, Ding G, Markin CR, Douglas K, Mason W, Guttentag A, Phillips JA 3rd, Cogan JD, Reiss S, Mitchell DB, Wu P, Young LR, Lancaster LH, Loyd JE, Humphries SM, Lynck
DA, Kropski JA, Blackwell TS. Development and Progression of Radiologic Abnormalities in Individuals at Risk for Familial Interstitial Lung Disease. Am J Respir Crit Care Med. 2020 May



(ii) Baseline PFT

* establishing a
baseline for future
comparison.

Participants without ILA had a
mean decrease in FVC of 35 ml|
(SD + 44 ml) per year, those
with ILA without progression
40 ml (SD + 44 ml) decrease per
year, and ILA with progression
had a mean decline of 64 ml
(SD + 51 ml) per year.



(i

) Baseline P

Table 2. Association of ILA Progression with Change in Spirometry Relative to Participants without ILA*

ILA with Progression Compared with No ILA

without Progression

ILA with Progression Compared with ILA

. . Unadjusted P Value Adjusted P Unadjusted P Adjusted P
¢ ESta b | | S h IN g a Analysis Analysis! Value Analysis Value Analysis’  Value
basenne f()r futu e FEV, 13+4 0.005 1445 0.005 9+9 0.3 14+10 0.2
. decline,
COmparISOn. ml/yr
FVC 29+5 <0.0001 20+6 0.0005 22+ 11 0.04 25+ 11 0.03
decline,
ml/yr
Participants without ILA had a
mean decrease in FVC Of 35 mI FEV./FVC, -0.2+0.07 0.004 —0.06+ 04 -0.1+0.1 0.3 -0.08+ 0.6
change, % 0.07 0.16

(SD + 44 ml) per year, those
with ILA without progression
40 ml (SD + 44 ml) decrease per
year, and ILA with progression
had a mean decline of 64 ml
(SD + 51 ml) per year.

Definition of abbreviation: FHS = Framingham Heart Study; ILA =interstitial lung abnormalities.

* Pvalues for all analyses, both adjusted and unadjusted, are calculated using general linear models to account for
familial relationships in the FHS. No ILA, n=579; ILA without progression, n=28; and ILA with progression, n=72.

Values are linear regression coefficients + SE, representing the additional decline in spirometry in participants with
ILA with progression versus the comparison group.

" Adjusted analyses include additional adjustments for age, sex, body mass index, pack-years smoking, and current

smoking status.

Araki T, Putman RK, Hatabu H, Gao W, Dupuis J et alDevelopment and Progression of Interstitial Lung Abnormalities in the
Framingham Heart Study. Am J Respir Crit Care Med. 2016 Dec 15;194(12):1514-1522. doi: 10.1164/rccm.201512-25230C.
PMID: 27314401; PMCID: PMC5215030.



(iii) HPE analysis




> Am J Respir Crit Care Med. 2018 Apr 1;197(7):955-958. doi: 10.1164/rccm.201708-1679LE.

Histopathology of Interstitial Lung Abnormalities in
the Context of Lung Nodule Resections

Ezra R Miller 1, Rachel K Putman 1, Marina Vivero 1, Yin Hung T Tetsuro Araki 1, Mizuki Nishino T,
George R Washko 1, Ivan O Rosas ', Hiroto Hatabu ', Lynette M Sholl ', Gary M Hunninghake

* Retrospective cohort of 424
atients who had undergone
ung nodule resection, had a
chest CT scan within 3 months
before surgery, and had no
history of ILD, at Brigham and
Women’s Hospital (BWH)
(January 2001 - July 2015)

* Radiologically:
ILA/indeterminate/No ILA

* Histopath: diagnosis of UIP or
other ILDs (e.g., smoking-related
ILD) and scored for additional
histopathologic findings

Miller ER, Putman RK, Vivero M, Hung Y, Araki T, Nishino M, et al.
Histopathology of interstitial lung abnormalities in the context of lung
nodule resections. Am J Respir Crit Care Med 2018;197:955-958
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Histopathology of Interstitic
the Context of Lung Nodule

Ezra R Miller 1, Rachel K Putman 1, Marina Vivero 1,
George R Washko ', Ivan O Rosas ', Hiroto Hatabu

* Retrospective cohort of 424
atients who had undergone

ung nodule resection, had a
chest CT scan within 3 months
before surgery, and had no
history of ILD, at Brigham and
Women’s Hospital (BWH)
(January 2001 - July 2015)

* Radiologically:
ILA/indeterminate/No ILA

* Histopath: diagnosis of UIP or
other ILDs (e.g., smoking-related
ILD) and scored for additional
histopathologic findings

Table 1. Characteristics and Analysis of the Lung Nodule Cohort Stratified by Interstitial Lung Abnormality Status

Demographic parameters
Age at resection, yr, median (IQR)
Sex, female, n (%)
Race, white, n (%)
BMI, kg/m?, median (IQR)
Never smoker, n (%)
Former smoker, n (%)
Current smoker, n (%)
Pack-years of smoking, median (IQR)
Asbestos exposure, n (%)
Spirometric parameters
FEV,, % of predicted, median (IQR)
FVC, % of predicted, median (IQR)
FEV+/FVC, median (IQR)
Selected comorbidities
GERD, n (%)
History of congestive heart failure, n (%)
History of connective tissue disease, n (%)
History of radiation to thorax, n (%)
History of cancer', n (%)
Cancer data
Malignant biopsy, n (%)
Stage 2 or greater NSCLC, n (%)

Histopathologic features

Fibrosis
Any fibrosis present®, n (%)
Subpleural fibrosis, n (%)
Peribronchiolar fibrosis, n (%)
Interstitial fibrosis, n (%)
Emphysematous fibrosis®, n (%)

Additional histopathologic features
Fibroblastic foci, n (%)
Honeycombing, n (%)
UIP, n (%)
Respiratory bronchiolitis, n (%)
Airways disease'l, n (%)
Smoking-related interstitial fibrosis¥, n (%)

Pulmonary arterial hypertensive changes™, n (%)

Atypical adenomatous hyperplasia, n (%)
Pigment-laden macrophages, n (%)
Pleural disease', n (%)

No ILA
(n=257; 61%)

64 (57-70)
148 (58%)
238 (93%)

28 (24-31)

50 (20%)
148 (59%)

55 (22%)

30 (7-50)

10 (5%)

89 (68-102)
93 (76-106)
0.77 (0.69-0.82)

93 (37%)
7 3%)
15 (6%)
16 (6%)

103 (41%)

202 (79%)
51 (20%)

133 (52%)
43 (17%)
62 (24%)
53 (21%)
39 (15%)

9 (4%)
0 (0%)
0 (0%)
156 (67%)
126 (51%)
21 (8%)
213 (83%)
43 (17%)
188 (73%)
18 (7%)

Indeterminate

ILA (n = 141; 33%)

71 (64-75)
88 (62%)
126 (89%)
27 (24-30)
19 (13%)
98 (70%)
24 (17%)
30 (10-50)
15 (13%)

86 (73-98)
88 (77-101)
0.76 (0.65-0.83)

45 (33%)
10 (7%)
9 (6%)
18 (13%)
69 (49%)

112 (79%)
33 (23%)

74 (52%)
24 (17%)
32 (23%)
30 (21%)
24 (17%)

4 (3%)
0 (0%)
0 (0%)

89 (71%)
62 (47%)
8 (6%)
115 (82%)
36 (26%)

105 (75%)
8 (6%)

ILA
(n =26; 6%)

73 (63-80)

18 (69%)

22 (85%)

27 (23-31)
3 (12%)

21 (81%)
2 (8%)

28 (19-56)
1 (5%)

92 (78-104)
98 (89-106)
0.77 (0.71-0.80)

13 (50%)
3 (12%)
2 (8%)
0 (0%)

15 (58%)

23 (88%)
10 (38%)

19 (73%)
12 (46%)
9 (35%)
9 (35%)
4 (15%)

7 (28%)
2 (8%)
2 (8%)

17 (71%)

11 (48%)
1 (4%)

23 (92%)
9 (35%)

20 (80%)
3 (13%)

P Value*
All ILA vs.
Groups No ILA
<0.001 0.002
0.42 0.30
0.23 0.25
0.54 0.94
0.08 0.09
0.08 0.09
0.08 0.09
0.75 0.57
0.06 1.0
0.39 0.32
0.13 0.21
0.75 0.95
0.24 0.21
0.02 0.05
0.79 0.67
0.03 0.37
0.10 0.10
0.53 0.31
0.23 0.08
0.11 0.04
0.003 0.001
0.41 0.24
0.27 0.13
0.88 1.0
0.0001 0.0001
0.004 0.008
0.004 0.008
0.70 0.82
0.73 0.83
0.66 0.70
0.47 0.39
0.02 0.03
0.82 0.63
0.43 0.41

Miller ER, Putman RK, Vivero M, Hung Y, Araki T, Nishino M, et al.
Histopathology of interstitial lung abnormalities in the context of lung
nodule resections. Am J Respir Crit Care Med 2018;197:955-958



Table 2. High-Resolution Computed Tomography Findings in At-Risk Subjects

n=75
Consistent with early interstitial lung disease 11(14.7) B'o‘)sy Normal BlOpSY Abnormal
B HRCT Normal 40 (56.4) 21 (29.6)
ype of interstitial abnormalities 5@ HRCT Ab
normal 5(7.0) 5(7.0)
Intralobular reticular opacities 11 (14.7)
T
Irregular intralobular septal thickening 9(12) 5
, Dong-
Ground glass opacities 3(4)
Traction bronchiectasis 1(1.3)
Traction bronchiolectasis 1(1.3)
Honeycombing 1(1.3)
Data are expressed as number (percentage). Table 3. Transbronchial Biopsy Histologic Findings
71 EBV and CMV BAL gPCR S n=71
72 BAL cell
count/differential
49 BAL flow cytometry Normal 45(63.4)

71 Completed bronchoscopy w/ TBLBx

70 AEC telomere measurements
70 Herpesvirus IHC Abnormal 26 (36.6)

70 ER stress IHC

Interstitial fibrosis 12(16.9)
Peribronchiolar fibrosis 15(21.1)
Chronic inflammation 10(14.1)
Respiratory bronchiolitis 2(2.8)
Giant cells/granulomas 6(8.5)

Data are expressed as number (percentage). Multiple abnormalities could be identified within a single biopsy.




* No differences in total or differential BAL cell counts in at-risk
subjects compared with normal control subjects.

* In addition, no differences in lymphocyte subsets were observed in
BAL cells compared with normal control subjects or IPF patients (CD4,
CD25/FoxP3)



* No evidence to justify routine baseline lung tissue sampling
in patients with ILAs to predict outcomes or establish the
presence of ILD,

* Lung sampling - an invasive test with potential harms.

Lung tissue sampling: includes surgical lung biopsy and/or bronchoscopy with BAL for cellular
analysis with or without transbronchial lung biopsy (including standard forceps or cryobiopsy) for
microscopic, histopathologic, and/or genomic classifier evaluation.



(iv) Genetic testing

* MUCS5B gene- promoter polymorphism rs35705950 - one of the most
significant and well-established genetic risk factors associated with
interstitial lung disease (ILD)—especially IPF and FPF

* encodes mucin 5B

* rs35705950 T allele (a gain-of-function variant in the promoter
region) leads to overexpression of MUC5B in distal airways.

* GG (homozygous wild-type) : normal genotype
e GT (heterozygous):heterozygous
 TT (homozygous risk variant): homozygous risk



Framingham Heart Study
2764 Patients with a thoracic chest CT
were enrolled in the FHS-MDCT2 study

126 Were missing genotypic data
5 Were missing CT images

i

i

2116 (80%) Had MUC5B genotype (rs3705950)
G/G
1113 (53%) Had no ILA
888 (42%) Had indeterminate |LA status
115 (5%) Had ILA

570 Were <50 yr of age
375 (66%) Had no ILA
186 (33%) Had indeterminate ILA status
9 (2%) Had ILA
1546 Were >50 yr of age
738 (48%) Had no ILA
702 (45%) Had indeterminate ILA status
106 (7%) Had ILA

481 (18%) Had MUC5B genotype (rs3705950)
G

247 (51%) Had no ILA
178 (37%) Had indeterminate ILA status
56 (129%) Had ILA

116 Were <50 yr of age
78 (67%) Had no ILA
35 (30%) Had indeterminate ILA status
3 (3%) Had ILA
365 Were >50 yr of age
169 (46%) Had no ILA
143 (39%) Had indeterminate ILA status
53 (15%) Had ILA

36 (19%6) Had MUCS5B genotype (rs3705950)
T

10 (28%) Had no ILA
20 (56%) Had indeterminate ILA status
6 (17%) Had ILA

10 Were =50 yr of age
7 (70%) Had no ILA
3 (30%) Had indeterminate ILA status
0 (0%) Had ILA
26 Were >50 yr of age
3 (12%) Had no ILA
17 (65%) Had indeterminate |LA status
6 (23%) Had ILA

Figure 2. MUC5B Genotype According to Lung Abnormality Status and Age Group.
Data from 2633 participants from the Framingham Heart Study are shown according to the MUCS5B promoter genotype (35705950 G/G,
G/T, or T/T), stratified by lung abnormality status and age (<50 years vs. >50 years). CT denotes computed tomography, FHS-MDCT2
Framingham Heart Study Multidetector Computed Tomography 2, and ILA interstitial lung abnormalities.

Hunninghake GM, Hatabu H, Okajima Y, Gao W, et al MUC5B promoter polymorphism and interstitial lung abnormalities. N Engl J
Med. 2013 Jun 6;368(23):2192-200.




Framingham Heart Study
2764 Patients with a thoracic chest CT
were enrolled in the FHS-MDCT2 study

126 Were missing genotypic data
5 Were missing CT images

' '

2116 (80%) Had MUC5B genotype (rs3705950)
G/G
1113 (53%) Had no ILA
888 (42%) Had indeterminate ILA status
115 (5%) Had ILA

481 (18%) Had MUCS5B genotype (rs3705950) | 36 (1%) Had MUCS5B genotype (rs3705950)
G/T TIT

247 (51%) Had no ILA

l;g 8;‘:/2; :a: ilrlidAete Table 2. Association between Interstitial Lung Abnormalities and MUC5B Genotype in the Framingham Heart Study.*
¥ a

570 Were <50 yr of age 116 Were <50 yr of age Adjusted Odds
375 (66%) Had no ILA 78 (67%) Had no ILA Adjusted Ratio with
188 8;2/)")'_::‘1 l'_fA'dete'm'”m IkfRues 3; gf,/’Z’f‘)H:';dl S\de‘e Status of Interstitial No. of MUCS5B Genotype Odds Ratio Covariates
1546 Were >50 yr of age 365 Were >50yrof age | Lung Abnormalities Patients (rs35705950) (95% Cl)t P Value (95% Cl)i: P Value
738 (48%) Had no ILA 169 (46%) Had no ILA
702 (45%) Had indeterminate ILA status 143 (39%) Had indete G/G G/T T
106 (7%) Had ILA 53 (15%) Had ILA L.
no. of participants (%)
Figure 2. MUCS5B Genotype According to Lung Abnormality Status and Abslence ol: inters?_ti_al 1370 1113 (81) 247 (18) 10 (<1) 1.0 1.0
Data from 2633 participants from the Framingham Heart Study are sho phgainonmILes
G/T, or T/T), stratified by lung abnormality status and age (<50 years v¢| Presence of interstitial 177 115 (65) 56 (32) 6 (3) 2.3 (1.6-3.1) <0.001 2.8 (2.0-3.9) <0.001
Framingham Heart Study Multidetector Computed Tomography 2, and lung abnormalities
Definite fibrosisf 47 26 (55) 20 (43) 1(2) 3.0 (1.8-5.0) <0.001 6.3 (3.1-12.7) <0.001

* All odds ratios are for the comparison with patients with no interstitial lung abnormalities.

7 Odds ratios in this category have been adjusted for familial relationships with the use of multivariate logistic-regression models, as de-
scribed previously.'”

i Odds ratios in this category have been adjusted for familial relationships and additional covariates, including age, sex, body-mass index,
pack-years of smoking, and current or former smoking status.

§ Definite fibrosis is defined as interstitial lung abnormalities limited to those with architectural distortion highly suggestive of a fibrotic lung
disease.®

Hunninghake GM, Hatabu H, Okajima Y, Gao W, et al MUC5B promoter polymorphism and interstitial lung abnormalities. N Engl J
Med. 2013 Jun 6;368(23):2192-200.



Study cohort | Particpants Mean age (SD), years | Mortality Respiratory symptom progression CT maging progressio

ILA definitionc Non-dependent patterns of increased lung density including ground-glass, reticular abnom alities, diffuse centrilobular nodules, nonemphy sematous cysts and honeycom bing or traction
bronchiectasis, affecting > 5% of any lung zone
MUCSB promoter polym orphism : Minor allele

AGES-Reyavk 377 with LA 78 6) Medan 83 years (IQR: 48-38) <» HR1.0,959% CI0.8-1.3; p=0.95
Putman Dats formortaiity ewaluaton of COPDGene only performed for the non-
017 e white: hispanic whiie cohort due fo small numbers in the Afncan Amencan
COPDGene B4 with LA e . g;(‘s‘f” Medan 54 years (IOR 4581) conort <» HR1.2,95% Cl10.75-2.0; p=0.41
MUCSE promoter polym orphism: Minor allele frequency
118 ILA with progression 'S Progression: 86 (11) nt scsle of send CT :  p=
. HiAdbonsnpuaden | topmem Sl | i o OR1.5,95% Cl0.7-3.4;p=0.3 <>
3R . aan 0.4 years (SD038) - probabée r son
018 ns Medan 8yers (ICR 08) o change -
118 LA with 8SS0N S Progression: 85 (11) - probabie e5S0Nn
&0 o LA NoILA. 49(10) detote gogression OR 2.8, 95% Cl, 1.7-4.4; p=0.0001 4
MUCSB promoter polym orphism : Minor allele frequency
228 LA with pograssion s Progression: 78 (5 :
89 LA without progmssion No progression 7§ ()5) 5-point scale of seria CT changas: OR 2.6, 95% CI 1.5-4.4; p=0.0004
- defnite regresson
m“';'" AGESReykak Median 5.1 years (IOR 4.53-5 25 - probabe regrsson
F - 78 (5 -no
B4y e NOUATEE) - robebie progression OR 2.9, 95% Cl 2.2-3.8; p<0.0001 4
- deiine progression
JLA definition: Presence and extent of specific interstitial features, including ground-glass opacities, intralobular reticular opacities, irregular thickening of interiobular septa, traction bronchiectasis,
traction bronchiolectasis. and honeycombing, Categorised as none, earlyimild, or extensive
Not prowdzd PRIROAEE PRROTpIN GOimpey- I VY MUCSB rates:
Salksbury 125 without extensie ILA LD 1=
Vanderbilt FIP Registry Earyimid & exiensive 5yeam ewen - Noevent:29% A
220 at enroiment LA: 588 (10} - Deweloped dinical ILD or extensive LA - ILD event: 40

- ILA progresson (whole lung wsual scors)

ILA definition: Presence of reticular change with traction bronchiectasis with or without honeycom bing (definite PrePF) or by those with reticulzar change with equivocal traction bronchiectasis and no
honeycombing (probable PrePF) using multidiscplinary clinical consensus: radiology core and dlinical core

University of Colorado, Nationa

. Not prowded . A
Speie Jawsh Heslth, Vanderbit 77 with ILA vs Whok cohort- Median 57- MUCSB promoter polym orphism genotypes: GT/TT
2027 _ Unve'%:ty 418 without LA =2 Medan 39 years (IQR 254 4) “a < >
(Rebtives of &milial intersttial & Dyspnosa assessed using 3 Squestion assessment and scored as 0-5
y (IQR 52-88)
pneumonia)
HR 1.69, 9596 CI Stated no association,

LEGEND 0.67-4.27, p=0.27 data not presented
Effect direction upward srrow A= positive association, downward arrow V= negative association, sideways srrow 4P= no change/ mixed effects
Statistical analyss method denoted by arrow colowr: green = adjusted analyses; am ber = unadusted anslyses (including those that were unclear). black = between-group comparison
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* 82 consecutive subjects followed up after recovery from severe,
COVID-19 pneumonia (January 2021 -February 2022 )

* The association of MUC5B with interstitial changes (post-COVID-19

interstitial changes (PCICs)) in the lung, six months after recovery
from severe COVID-19 pneumonia.



Table. Characteristics of cases and comparator group and logistic regression analyses for factors associated with post-COVID-2019
mterstitial lung changes

Paramatar Comparator group (2=30) Cases (n=52 P
Age (y7), mean=SD 5442122 546118 0.92
Male sex, n(%e) 21 (70) 35(67.3) 0.8
Smokers. n(%) 7(23.3) 14 (26.9) 0.72

Comorbid :llnesses, n (%)

Any 27 (90) 42 (80.8) 0.36
Major 26 (86.7) 41 (78.8) 0.38

Others 4(13.3) 6 (11.5) 1

o 82 Consec u1 Parameters during acute illness T] Seve re’
NLR at admission, meadian (IQR) 9.9(6.3-189) 12.9(7.4-24.7) 0.22
C OV I D - 1 9 p Respiratory support during acute illness 0.05
Oxyzen supplementation only, n(%) 29 (96.7) 40 (76.9)

Mechan:ical ventilation. n(%) 1(3.3) 11 (21.2)

o T h e daSsSSsOoC | a1 Length of hospital stay (days). mean=SD 9.95.5 19:10.8 <0.001 St— COV I D - 1 9

Parameters at six months

|nte rStltl al C Dspuoea severity, mMRC scale [median (IQR)] 0 (0-1) 1(0-1) 0.01 \r recove ry

Grade 0 21 (70) 22(423)

from severe Grade 1 8(26.7) 20 (38.5)
Grade 2 1(3.3) 9(17.3)
Grade 3 0 1(1.9)
Restmg oxygen saturation, mean=SD 98.3=1.1 98.6=1.1 0.38
Forced yital capacity, | mean=SD 2.72:0.81 2.46=061 0.17
Forced vital capacity, % pradicted. mean=SD 80.6=11.1 747132 0.07
Six-minute walk distance. m, mean=SD 417=109 419=73 0.94
%o predicted, mean=SD 88.4=21 393=144 0.85
Abnormalities on chest CT, n(%)
Nommal 4(133) 0 0.02
Ground-glass opacities 16 (53.3) 42 (80.8) 0.008
Consolidation 1(3.3) 3(5.8) 1
Parenchymal bands 7(23.3) 45 (86.5) <0.001
Retficulation 1(3.3) 22 (42.3) <0.001
Traction bronchiectasis 1(3.3) 22(42.3) <0.001

Dhooria S, Bal A, Sharma R, Prabhakar N, Arora S, Sehgal IS, Kashyap D, Garg M, Bhalla A, Aggarwal AN, Agarwal R.
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Univanate and multivanate logistic regrassion analyses for PCICs at six months'
Parameter OR (95% CI) P aOR (95% CI)
Vanant genotype at MUCSB SNP 1535703950 2.12(0.73-6.12) 0.17 211 (0.72-6.17)
Age 1(0.96-1.04) 092 1(096-1.04)
Male sex 1.13 (0.43-2.99) 0.8 1.04 (0.38-2.84)

Smokmeg 121 (043-344) 0.72 1.23 (0.42-3.56)
1

110 presented for 6-month visit

82 individuals with complete data

30 comparator group (without post- COVID-19 52 cases (with post-COVID-19
interstitial changes) interstitial changes)

24 GG genotype 6 GT genotype 0 77 genotype 17 GT genotype

Dhooria S, Bal A, Sharma R, Prabhakar N, Arora S, Sehgal IS, Kashyap D, Garg M, Bhalla A, Aggarwal AN, Agarwal R.
Association of MUC5B promoter polymorphism with interstitial lung changes after COVID-19: A preliminary observation. Indian J
Med Res. 2024 Jan 1;159(1):109-113. doi: 10.4103/ijmr.ijmr_137_23.




* The minor MUC5B T-allele appeared at a higher frequency in the
cases than in the comparator group [18.3 vs. 10%; odds ratio (OR),
2.01; 95% confidence intervals (Cl), 0.76-5.35], but was not
significant (P=0.16).

* 75 % with a variant allele (GT /GT) had PCICs at six months vs 58.6 per
cent of those without the variant allele (wild-type, GG genotype);
P=0.16.

A variant genotype was significantly associated with subpleural
PCICs (OR, 6.36; 95% Cl, 1.85-21.85; P=0.003) but not with fibrotic
PCICs (OR, 1.73; 95% Cl, 0.61-4.94; P=0.31).

Dhooria S, Bal A, Sharma R, Prabhakar N, Arora S, Sehgal IS, Kashyap D, Garg M, Bhalla A, Aggarwal AN, Agarwal R.
Association of MUC5B promoter polymorphism with interstitial lung changes after COVID-19: A preliminary observation. Indian J
Med Res. 2024 Jan 1;159(1):109-113. doi: 10.4103/ijmr.ijmr_137_23.



(iv) Genetic testing: Telomere length
measurement
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Study Participants Size ILA definition Intervention Analysis

L] L]
COFDG 240

I V G e n et I ( t E with ILHe;:DE Unadjustad analysis of lowest quartile and lowest

! th . )

without ILA COPDGene and 10" percentile of Tni?_tr;’lcit:mmere length with

COFDGene, AGES-Reykjavik: y

Put AGES-Reyk|avik AGES-Reykjavik: PCR

utman eykjavic, eykjavi Fleischner Socisty recommendaticns q Adjusted analyses of gPCR continuous length and

2022 Framingham Heart 163 with ILA, 243 - .
m e i l f l | re m e n‘l Study without ILA FHS: shortest quartile with ILA and ILA subtypes
Southern blot

FHS: 44 with ILA, :3eLtween %muph{ILA VS nocIIL;\] gorr:EarlsEP tt)f
204 without ILA elomere length measured by Southern blots

One or more of the fellowing on
. . HRCT: ground-glass attenuation,
Salisbury Van?e:bultti?r:-nhal 77 with ILA, intralobular reticular opacities,
2020 F'neuan:al r': it 259 without ILA irregular thickening of interlobular
glatry septa, traction bronchiectasis, andfor

Between group (ILA vs no ILA) comparison of

telomere length and CT imaging progression

Southern blot

Adjusted analyses of continuous telomere length
with ILA

Table E17. Baseline telomere length measurement in ILA effect-direction table

Study cohort Particpants Mean age (5D}, years Followwup Comments Mortality CT imaging progression

ILA definiion:  Fleizchner Sociely critera
TET-;;: lowesi quatile of mean telomers HR 1.2, 95%CI10.6-2.2; p=0.5
AAES-Reykjavik 167 with L& AGE S Reykjavic: 7 Mot stated
javic: 78 (6) . .
qPCHR: lowest 10th percantile ofmzan .
Telomere length HR 2.0, 95% C11.2-3.4; p=D.007
Putman
n PCER: loves! quatile of mean teloms
‘l‘engm' e HR0.82 , €504 C1: 0.4-1.7; p=0.6
COPDGene 240 with IL& COPDGene: £3 (10} Not stated
qPCR: lowesi 10th percentile ofmean HR 1.3, 85% C1 0.9-1.8; p=0.14
telomere length
ILA definition: Presence and extent of specific interstifial features, including ground-gl ass opacfies, intralobalar reticular opacities, iregular thickening of intedabular septa,
INMON: e tion bronchiectasis, raction bronchiolectasis, and honsycombing; Categorisad as none, saryimild, or extensive
Southam Elot
. . - Not providad
Salisbury . . N . 125 without sxdensive ILA " . LD events 'y
2020 Vandertilt FIP Reaisiry at enmiment Earh{ﬂ"g‘ﬁtg‘ls"& 5 years - Developed dinical ILD orexensive ILA (with shorte telomere length )
- ILA progression (wholz lung
visual scom) TBF l2rgth, kb, mean (SO):
- No event: 6.47 [1.04)
- ILD Events (ILA progression): 5.26 (0.96)

LEGEND ) o ) o _ _ - ILD Events [Clinical ILD or extensiva ILA): 6.17{1.07)

Effect direclion upward amow A =positve association, dowmeard amow ¥= negetive asseciation, sideways arow <= no change'mixed fects

Statistical anals 5 method: dencted by arow colour: oreen = adisted analses: = unaditsted anzlyses {including those that were undesr); black = between-groun comparison
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The radiological patterns of interstitial change at an early phase:
Over a 4-year follow-up

LDH KL-6
A s00™ B psggt™
P=0,091 P=0.002
350 1 2000
001 1 1500 ’
250 *
1000
2007 S o0 T The identification of interstitial changes using
150 - . % é
A0 mm Abuon:;lgRCT 2 uonn:’ieu:cr Abnoc:agnm KL-6 and/or SP-A: sensitivity 64% , specificity 64%,
C o ap.A D tom SP-D SP-A and/or SP-D, sensitivity 70%, specificity 64%
il | | 309 E—— KL-6 and/or SP-D, sensitivity 33%, specificity 100%
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120 | "
o . . 200
80 T 150 I
2 | 100 . '
2 % : » $ 3
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Serum KL-6 levels in the progression
group - significantly higher in
comparison to those in the
improvement and no interval change
groups, respectively (p = 0.049,

and p = 0.043).

Serum SP-A levels among the groups: no
significant difference observed.

Serum SP-D levels in the improvement
group : lower in comparison to no
interval change and progression groups,
(p=0.017, and p = 0.016 respectively).

Tsushima K, Sone S, Yoshikawa S, Yokoyama T, Suzuki T, Kubo K. The radiological patterns of interstitial change at an
early phase: over a 4-year follow-up. Respir Med. 2010 Nov;104(11):1712-21. doi: 10.1016/j.rmed.2010.05.014. Epub

2010 Jun 9. PMID: 20538446.



Araki

FHS

(v) Serial CT Scans for longitudinal follow-up

Median 4 years

23/53 (43%) of initial ILA progressed
95/1814 (5.2%) of no ILA progressed to ILA over follow-up

Balata

Manchester Lung Health Check

Syears

26/52 (50%) had imaging progression

Buendia-Roldan

MDF lung aging program

24+/-18 months

18/80 (22.5%) progression

Chae

Korean Lung Cancer Screening Project/Natl
Lung Ca Screening Program

Median 662 days

15/31 (48%) of fibrotic ILA
1715 {6.67%) of nonfibrotic ILA
2/29 (6.9%) of equivocal ILA

Hino

AGES-Reykjavik

At least 5 years

191/327 (58.4%) with progression

Jin

National Lung Screening Trial

2 years

16/79 (20.3%) progression
7/19 (36.8%) of fibrotic ILA progression

Lee

Korean health screening cohort

Median 12 years

48/60 (80%) with progression

Mackintosh

Queensland Lung Ca Screening Study (AUS)

Syears

1719 {5.3%) with progression

Park

Self-referral pts for comprehensive health
screen in Korea

Median 11.3 years

161/200 (80.5%) of ILA with progression

Lung cancer screening pts in MA

5.67 +/- 1.59years

7715 (46.7%) of progression in pts with initial ILA
7/35 (20%) of indeterminate ILA progressed to ILA

AGES-Reykjavik

Median 5.1 years

132/284 (40%) with definite progression
106/284 (32%) with probable progression

CGS-PF study and relatives

2years

15/22 (68%) with progression

FDR of pts with FIP in Vanderbilt registry

Syears

13/19 (68.4%) of baseline ILA had progression
6/67 {9%) without baseline ILA progressed to ILA

Japanese rural lung ca screening cohort

4 years

32/73 (43.8%) showed progression

Chinese lung cancer screening

Median 4.2 years

25/66 (37.9%) nonsubpleural ILA progressed
198/454 (43.6%) subpleural nonfibrotic ILA progressed

11/16 (68.8%) subpleural fibrotic ILA progressed

Podolanczuk AJ, Hunninghake GM, Wilson KC, Khor YH, et al.
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Table E19. Imaging progression (identified by serial chest CT scans) association with mortality effect-direction table

Author Year Participants N Follow-up Measurement Effect Result
ILAs progressive versus no ILAs (according to serial chest CT scanning)
; Framingham Median 4 | Association of ILA HR 3.9, 95% CI1 1.3-10.9, p=0.01
firaks 4018 Heart Study Za years progression with mortality EN OR 4.3, 95% 1.4-13.3, p=0.01
AGES- Association of ILA _
Putman | 2019 Reykjavik 3167 11 years progression with mortality A HR 1.2 (1.1-1.3), p=0.0004
ILAs progressive versus stable ILAs (according to serial chest CT scanning)
. Framingham Median 4 | Association of ILA HR 1.6 (95% CI1 0.2-12.2), p=0.6
Aki: 20067 | oot Study s years | progression with mortality 4 | or20 (95% C10.3-14.3), p=0.5
; AGES- Association of ILA HR 1.68 (95% Cl =1.21-2.34),P <
Ko Xe) Reykjavik 2 8 years progression with mortality YN 0.001
AGES- Association of ILA
Putman | 2019 Reykiavik 3167 11 years progreasion withmortality A HR 1.9 (95% CI 1.3-2.8); P =0.0009

A - positive association

Approach to the evaluation and management of interstitial lung abnormalities: an official American Thoracic Society clinical

V- negative association

< > = no effect or mixed effect

Podolanczuk AJ, Hunninghake GM, Wilson KC, Khor YH, et al.




Meta-analysis of prevalence of imaging
progression of |LA

Prevalence
Study or Subgroup  Prevalence SE  Weight IV, Random, 95% Cl

Mackintosh 2019 0.052632 0051228 7.1%  005[-0.05,0.15] s
Buendia-Roldan 2021 0225 0046687 72%  023[0.13,0.32] .
Jin 2013 0234694 0042811 72%  023[0.15,0.32] s
Chae 2023 024 0049315 71%  024[014,0.34] e
Patel 2023 028 0063498 70%  0.28[0.16, 0.40) e
Araki 2016 0.433962 0068079 69%  0.43[0.30,057] s
Zhang 2022 0436567 0021422 74%  0.44[0.39,0.48) >
Tsushima 2010 0.438356 0058074 70%  0.44[0.32,0.55] o
Balata 2023 05 0069338 69%  0.50([0.35,0.64] =
Hino 2021 0584098 0027256 7.3%  0.58[0.53,0.64] =
Rose 2023 0681818 0099303 64%  0.68[0.49,0.88]
Salisbury 2020 0684211 0106639 6.3%  068[0.48,0.89]
Lee 2023 08 05164 14% 080[-021,1.81]
Park 2023 0805 0028016 73%  0.81[0.75.0.86)
Putman 2019 0.838028 0021862 74%  0.84[0.80, 0.88]

Total (95% ClI) 100.0% 0.46 [0.33, 0.60)
Heterogeneity: Tau® = 0.06; Chi* = 551.24, df = 14 (P < 0.00001), F=97% y :
Test for overall effect: Z =6.74 (P < 0.00001) A 05
Test for subgroup differences: Not applicable
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Proposed algorithm for management of ILA




Incidentall . .
”j;tﬁftfdy e 1) Patients with CTD-ILDs

abnormalities e 2) Patients >50 y with 1t degree relative with FPF

Active .
e 3) Lung cancer screening

consistent with )
screening

I LA (eg: on abdominal CT)

WITH High risk features
Age > 60 e Clinical assessment (Breathlessness/cough/crepts)

>20—pack-year .
e PFT (Spirometry, Body plethysmography, DLCO)

smoking historyy/ currently smoke
Exposure to occupational vapors  Risk reduction — (smoking/environmental exposure)
Greater extent of abnormalities

(involvement of multiple lung zones)

Baseline
assessment

e Biennial CT and PFT (earlier if symptoms progress)

No Progresses to ILD

progression

Continue until Treat as per ILD
individualized discussion suggests limited guidelines

utility of further monitoring




Thank you
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