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Case #1

▪59-year-old man with shortness of breath 

▪Dry cough and decreased exercise tolerance for 6 

months

▪15 pack-year history (quit 20 years ago)

▪Acid reflux, hypertension

▪Preacher at church 

▪Family history: 2 older brothers with ILD, mother died of 

unknown lung disease at 63 years old

▪CT scan: Subpleural reticulation, mild traction 

bronchiectasis



10 years later

▪8-10 liters of 

supplemental oxygen 

▪Older brother waitlisted 

for lung transplantation 

▪3-vessel coronary 

artery disease 

▪Telomere length below 

10th percentile



Case #2

▪59-year-old man with abnormal lung CT scan

▪No respiratory symptoms, normal PFTs



Questions

▪Should Case #1 undergo screening for pulmonary 

fibrosis?

▪Does Case #2 have ILD? How should we follow these 

individuals? 

▪Are there other tools to complement CT imaging to detect 

early stages of ILD?

▪Can we prevent pulmonary fibrosis?



Outline

•Early detection of lung fibrosis – why it matters

•Interstitial lung abnormalities

•Blood-based biomarkers 



Pulmonary fibrosis 

Lederer DJ, et al. New Engl J Med. 2018.

Wijsenbeek M, Vottin V. New Engl J Med. 2019.

▪Recurrent lung injury that can lead 

to fibrosis 

▪Strong genetic component (MUC5B, 

telomerase mutations)

▪Common reason for lung 

transplantation (limited donor pool, 

~50% 5-year survival)

▪Current drugs slow progression but 

have side effects and often stopped
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Optimal time to intervene in IPF 



Establishing a diagnosis of pulmonary fibrosis in our 

traditional symptom-linked fashion is akin to diagnosing 

coronary artery disease only after a patient presents with a 

myocardial infarction…A different approach is needed, if 

we are to examine the biological events that underlie the 

early development of this disease.”

~David Lederer

Lederer DJ. Am J Resp Crit Care Med. 2012.



Kim JS, et al. Ann Am Thorac Soc. 2023.



Kim JS, et al. Ann Am Thorac Soc. 2023.



Interstitial lung abnormalities 

Hobbs BD, et al. Am J Resp Crit Care Med. 2019.

Hatabu H, et al. Lancet Resp Med. 2020.

Hunninghake GM, et al. New Engl J Med. 2013.

Putman R, et al. JAMA. 2016.

Miller ER, et al. Am J Resp Crit Care Med. 2018.

▪Qualitative assessment of ILD-related 

features 

▪Subjective

▪Subpleural and fibrotic subtype most 

concerning

▪Genomic variants related to IPF risk

▪Radiological phenotype-not a clinical entity



Hatabu, H, et al. Lancet Resp Med. 2020.



Non-subpleural ILA Subpleural non-fibrotic ILA Subpleural fibrotic ILA

Subtypes of ILA

Hatabu, H, et al. Lancet Resp Med. 2020.



ILA is not trivial 

Putman RK, et al. JAMA. 2016.

Putman RK, et al. Am J Resp Crit Care Med. 2019.

Park S, et al. Am J Resp Crit Care Med. 2023.

▪Higher risk of overall death

▪Higher risk of respiratory-related 

mortality 

▪Correlate with lower lung 

function

▪High risk of progression within 

5-10 years

▪Prevalent in 1st-degree relatives 

of patients with lung fibrosis

Salisbury, ML, et al. Am J Resp Crit Care Med. 2020.

Hunninghake GM, et al. Am J Resp Crit Care Med. 2020.

Steele MP, et al. Am J Resp Crit Care Med. 2023.



McGroder C, et al. Eur Resp J. 2023.

Incidence (per 1000 person years)

• ILA: 13.1

• Fibrotic ILA: 3.5 

Claire McGroder



Park S, et al. Am J Resp Crit Care Med. 2023.

▪Adults over 50 years self-referred to health screening at Asan 

Medical Center

▪200 adults with ILA and follow-up lung CT 

▪81% of patients have progression (median time 3.2 years)

▪17% progress to UIP (median time 11.8 years)

▪Subpleural fibrotic subtype and fibrosis extent are independent 

predictors of progression



Hunninghake GM, et al. New Engl J Med. 2013.

Hobbs BD, et al. Am J Resp Crit Care Med. 2019.

Salisbury ML, et al. Am J Resp Crit Care Med. 2020.

Putman RK, et al. Eur Resp J. 2022.

Genetics of ILA

▪Overlapping genetic variants 

between ILA and IPF 

▪MUC5B (rs3575950) associates with 

ILA and subpleural-fibrotic ILA

▪Unique variants associate with ILA 

only (IPO11, FCF1P3)

▪ILA associates with shorter telomere 

length



Moll M*, Peljto AL*, Kim JS*, et al. Am J Resp Crit Care Med. 2023.

IPF Risk ILA Risk

Matthew Moll



Miller ER, et al. Am J Resp Crit Care Med. 2019.

Histopathology of ILA



Proposed management of ILA

Podolanczuk AJ, Putman RK. Clin Chest Med. 2021. 



ATS Clinical Statement on ILA

▪Guidance for clinicians and inform research objectives

▪Led by Anna Podolanczuk, David Schwartz, Gary 

Matthew Hunninghake, and Christopher Ryerson 

▪Comprised of pulmonologists, radiologists, 

pathologists, and patients (Drs. Joon Beom Seo & Jin 

Woo Song)

▪Voted on 11 questions about screening, follow-up, 

genetic testing



Limitations of ILA 

“Quantitative CT methods for evaluation of disease extent and 

determination of progress will need to be developed and 

validated…predicting significant physiological progression, the 

development of clinically significant disease, and mortality.”  

     ~Fleischner Position Paper (2020)

▪Time consuming

▪Subjective

▪Heterogeneity in protocol



▪Innate immune system implicated in IPF 

pathogenesis

▪Monocyte-derived alveolar macrophages 

may drive lung fibrosis

▪Monocyte count is an immunocellular 

biomarker in IPF

▪Are higher blood monocyte levels 

associated with ILA?

Monocytes predict survival in IPF

Misharin AV, et al. J Exp Med. 2017.

Scott M, et al. Lancet Respir Med. 2019. 

Kreuter M, et al. Am J Resp Crit Care Med. 2021.



Kim JS*, Axelsson G*, Moll M*, et al. Am J Resp Crit Care Med. 2022.

Gísli Axelsson Matthew Moll

OR for ILA 

(95% CI)
P-valueCohort



Activated monocytes and ILA 

Kim JS*, Axelsson G*, Moll M*, et al. Am J Resp Crit Care Med. 2022.

No stimulant



Activated monocytes and ILA 

Kim JS*, Axelsson G*, Moll M*, et al. Am J Resp Crit Care Med. 2022.

Lipopolysaccharide ExposureNo stimulant



IPF blood monocytes have distinct functions

In Su Cheon Jie Sun

Unpublished.



IPF blood monocytes have distinct functions

Unpublished.



Kreuter M, Maher TM. Am J Resp Crit Care Med. 2022.



Kim JS, et al. Ann Am Thorac Soc. 2023.



▪Prior studies have correlated protein 

biomarkers with ILA and quantitative 

assessments of interstitial 

abnormalities (e.g., QIA)

▪GDF-15, surfactant proteins B and D, 

WFDC2

▪Protein markers elevated in 1st-

degree relatives of patients and 

correlate with ILA

Blood-based protein biomarkers and ILA

Axelsson GT, et al. Am J Resp Crit Care Med. 2022.

Choi B, et al. Am J Resp Crit Care Med. 2024.

Rose JA, et al. Eur Resp J. 2025.



Research questions

Are there plasma protein biomarkers that correlate 

with densiometric-based radiomic markers of lung 

injury and fibrosis?

Do these protein markers associate with new-onset 

lung fibrosis?



High attenuation area (HAA)

▪Automated densiometric based CT 

measurement 

▪Percentage of lungs with high 

attenuation areas (-600 to -250 

Hounsfield units)

▪Capture ground-glass/reticular 

abnormalities and exclude more 

dense areas (vessels, nodules)

▪Confounding by artifact, adiposity

Best AC, et al. Radiology. 2003. 

Lederer DJ, et al. Am J Resp Crit Care Med. 2009.

Kliment CA, et al. BMC Pulm Med. 2015. 

Podolanczuk AJ, et al. Eur Resp J. 2016.

Kim JS, et al. Thorax. 2023.

HAA 4.3% HAA 12.1%



Kim JS, et al. Thorax. 2023.

1% HAA increment per year 

associated with:

▪ Overall death: HR of 1.07 

(95%CI 1.02-1.12) 

▪ ILD-related death and 

hospitalization: RR of 1.34 

(95%CI 1.20-1.50)



Study design 

U.S. community-dwelling 

adults 45-84 years old

n=5486

SomaScan version 4.1 (6,401 protein analytes)

1
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Study design 
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U.S. adult cigarette smokers

n=1781
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Study design 

U.S. community-dwelling 

adults 45-84 years old

n=5486

U.S. adult cigarette smokers

n=1781

SomaScan version 4.1 (6,401 protein analytes)

1 2 3
Derive HAA-protein markers Replicate HAA-protein markers Identify proteins that correlate 

with future fibrosis 
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HAA-proteins and new-onset lung fibrosis

OR for new-onset lung fibrosis

Logistic regression model adjusted for age, sex, smoking history, pack-years, height, 

weight, waist, eGFR, education, income, study site, PCA
Unpublished.



Increases in HAA-derived proteins and new-
onset lung fibrosis

Unpublished.



HAA-proteins improve prediction

AUC

Model 1: 77.6 

Model 2: 78.1 

Model 3: 79.1 

MESA NHW (n=747)

AUC

Model 1: 68.4 

Model 2: 71.1 

Model 3: 80.7 

MESA non-NHW (n=757)

Model 1: Age, sex, smoking 

history, cigarette pack-years

Model 2: Model 1 + IPF 

polygenic risk score

Model 3: Model 2 + HAA-

derived protein biomarkers



HAA-proteins stain IPF lung tissue

Unpublished.

GCHFR JAML
Riley Hannan

GCHFR stains intra-alveolar 

macrophages (yellow arrows) in areas of 

fibrosis (green star), typically lower lobes 

and subpleural.

JAML stains prominently in late fibrosis 

(green star) and staining of epithelium (red 

arrow) in early fibroblast foci (blue star). 



HAA-proteins correlate with worse survival in IPF
Low 

HAA score

Log rank p-value < 0.0001
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Unpublished.

Justin Oldham Shwu-Fan Ma Imre Noth



Molecular correlates of DTA

Stephen Humphries David Lynch

Humphries SM, et al. Respirology. 2022.



Mean difference in DTA-fibrosis score
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Not significant

DTA-associated proteins

DTA-associated 

proteins

Survival-associated 

proteins*

*Oldham JM, et al. Am J Resp Crit Care Med. 2024.

WFDC2, ROBO2, AREG, 

BPIFB1, SCGB3A2, etc.



KEGG analysis of DTA

Unpublished.



Future work 

▪Correlate with other semiquantitative proteomic assays (e.g., 

Olink)

▪Fully quantify candidate protein biomarkers using ELISA assays, 

mass spectrometry 

▪Derive and validate prediction models (lung imaging + 

environmental exposure + genetics + biomarkers)

▪Biologically validate protein biomarkers (multi-omic integration, 

lung tissue correlation) 

▪Awaiting approval of potential NIH R01 grant



Summary

▪Pulmonary fibrosis starts many years prior to diagnosis

▪Current approach to testing therapies in patients with advanced 

disease is not sufficient 

▪Need to target earlier stages and develop treatments that target 

the subclinical phase of lung fibrosis

▪Requires clinical trial enrichment (imaging, genomics, blood 

biomarkers)
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University of Virginia

▪ Ani Manichaikul
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