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Deep learning usage in imaging



Am J Respir Crit Care Med . 2024 Aug 15;210(4):465-472



Objectives and Methods

• To develop automated imaging biomarkers using deep learning–
based segmentation of CT scans→ lung function, prognosis 
markers for disease progression and mortality in IPF

• Methods
– Segmentation processes for four anatomical biomarkers

1) Lung volume : open source
2) Airway volume: trained by radiologist
3) Vascular volume: classical methods
4) Fibrosis volume: trained by radiologist 



Methods

• PROFILE study : treatment –naïve patients
– Prospective Observation of Fibrosis in the Lung Clinical Endpoints study, UK 

• Follow up : baseline 1, 3, 6, 12 month an then annual check until 3yr

• CT, PFT within 180 d

• PROFILE random divide to discovery / validation cohort

• Cambridge real world cohort : independent validation cohort





PFT and CT segmentations



Survival analysis (Baseline CT) 

Baseline CT features and 5 –year survival (unadjusted)  

Baseline CT features and 5 –year survival (adjusted for baseline dz severity)  



KM survival and combined cohort 

Lung volume Airway volume

Vascular volume Fibrosis volume



Longitudinal analysis 

N=134, CT f/u 6-24m after baseline CT 

Lung volume change Fibrosis volume change



Conclusions

• Automate the segmentation and interpretation of CT scans
– Prognostic information in clinical practice

– Can be key endpoints or imaging biomarkers in clinical trials



CHEST 2024; 165(2):371-380

Objectives 

• Does a deep learning (DL)-based classifier for UIP derived using CT scan 
features accurately discriminate radiologist-determined visual UIP ?



Data sets and model training 

CNN (Wide Residual Network)  based Wide Residual Networks
Learn about ILD patterns 
Visual UIP: two radiologist 



Test performance characteristics 



Survival analysis

DL-based UIP: HR 1.69 (95% CI: 1.14–2.50) Visual UIP: HR 1.68 (95% CI: 1.11–2.55)



Conclusions

• A DL-based classifier for UIP demonstrated good test performance 
across a wide range of UIP prevalence and similarly discriminated 
survival when compared with radiologist-determined UIP. 

• This automated tool could efficiently screen for UIP in patients 
undergoing chest CT scan and identify a high-risk phenotype 
among those with known ILD



Precision medicine



Chest  2024 Nov 8:S0012-3692(24)05452-7.
Am J Respir Crit Care Med. 2024 Aug 15;210(4):401-423.
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Am J Respir Crit Care Med. 2024 Aug 15;210(4):401-423.



Objectives 

Lancet Respir Med 2024;12: 681–92

To classify patients with pulmonary fibrosis according to blood biomarkers 
to differentiate distinct disease patterns, known as endotypes.



• Cohorts:
– PROFILE (n=455): incident IPF or fibrotic NSIP (UK)
– AIPFR (n=117): prevalent IPF (Australia)

• Process
– 13 plasma biomarkers representing ECM turnover, epithelial stress, and 

thrombosis were measured by ELISA.
– Unsupervised consensus clustering → 3 molecular endotypes.

– A supervised machine learning model (XGBoost) validated clusters in 
AIPFR.

– Associations with mortality and FVC% decline were evaluated using Cox 
and mixed-effects models.

E



Cohort baseline characteristics 



Mortality of pt with PF (PROFILE cohort) 



Relative changes in FVC per 1 year (PROFILE and AIPFR)



Conclusions 

• Blood biomarker clustering in pulmonary fibrosis identified three 
distinct blood biomarker signatures associated with lung function 
and prognosis, suggesting unique pulmonary fibrosis biomarker 
patterns. 

• These findings support the presence of pulmonary fibrosis 
endotypes with the potential to guide targeted therapy 
development.



Objectives 

Am J Respir Crit Care Med . 2024 Aug 15;210(4):455-464.

To identify and validate biologically driven molecular endotypes using 
latent class analysis (LCA), and evaluate their prognostic and 
therapeutic implications.



Methods

• Cohort
– Dicovery: Pulmonary Fibrosis Foundation Patient Registry (PFF; March 

2016 to June 2018) (n=875)

– Validation: site-specific registries (n=347)

• Methods
– LCA using 25 expert-selected plasma proteins (associated with fibrosis, 

ECM, epithelial injury)

– Primary outcome: 4-year transplant-free survival (multivariable Cox)

– Treatment analysis: Pooled cohort of antifibrotic-naive patients (n=555)



Biomarker cluster



Four-year transplant-free survival curves



Differential Treatment Response



Conclusions

• Identifying two novel molecular endotypes of IPF with divergent 
clinical outcomes and responses to antifibrotic therapy. 

• These endotypes could enable a precision medicine approach for 
future IPF clinical trials.



Pulmonary hypertension in ILD



Thorax 2024;79:422–429.

Objectives 

To evaluate the clinical significance of MPAP and PVR values for 
mortality in patients newly diagnosed with ILD.



Methods

• Retrospective analysis of 854 ILD patients (Japan) 
– New diagnosed with ILD

• Undergoing right heart catheterization (RHC) between 2007–2018.

• Patients classified into six groups based on MPAP (≤20 / 20–25 / 
≥25 mmHg) and PVR (≤2 / >2 Wood units).

• Cox proportional hazard models adjusted with the ILD-GAP Index.



• PVR>2WU 
➢ Lower FVC (72.5% vs. 87.6%, p<0.0001 )
➢ Lower DLCO  (51.4% vs 69.0%, p<0.0001)
➢ Higher proportion of low CI (5.7% vs. 1.4%, P=0.0009)
➢ Higher proportion of IPF (54.4% vs. 43.7% , P=0.0032)



Survival analysis 



ROC curves for mortality 



Conclusions

• PVR>2 WU is associated with higher mortality rate in patients with 
ILD, regardless of MPAP values.

• The simultaneous interpretation of PVR and MPAP is important in 
patients with ILD.



Thorax 2024;79:301–306

Objectives 
To evaluate whether inhaled treprostinil has a long-term survival 
benefit in patients with pulmonary hypertension associated with 
interstitial lung disease (PH-ILD). (post-hoc analysis)



Methods

INCREASE : 16w
OLE : maximum 124w



Estimated overall survival HR

ITT: intention to treat

RPSFT :Rank-Preserving 
Structural Failure Time

IPCW: Inverse Probability of 
Censoring Weighting



Survival analysis 

HR 0.71 (95% CI 0.46-1.10)
Log-rank P=0.1209 HR 0.26 (95% CI 0.07-0.98)



Conclusions

• The authors suggest a long-term survival benefit associated with 
inhaled treprostinil treatment in patients with PH-ILD.

• Two independent modelling techniques were used. 



Summary

• Deep learning usage in imaging
– Can be helpful in diagnosis or prognosis of ILD

• Precision medicine
– Can be an important concept in ILD 

– Cluster analysis can be the bridge to detailed precision medicine. 

• Pulmonary hypertension in ILD
– PVR could be important in ILD 

– Inhaled treprostinil could improve survival in PH-ILD. 



Thank you 
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