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What	are	the	imaging	endophenotypes that	are	linked	to	the	
clinical	manifestation	and	the	prognostication	of	smoking	related	

injury	and	poor	lung	development?

HypothesesImaging	Phenotype

Endophenotype

Endotype

Designing	Imaging	Phenotypes:	Computational	Imaging



Emphysema	Subtyping	via	Local	Histogram
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Mean Local Histogram for Emphysema Patterns

CL1:	Mild	Centrilobular
CL2:	Moderate	Centrilobular
CL3:	Severe	Centrilobular

NT:	Normal	(non	
emphysema)
PS:	Paraseptal
PL:	Panlobular

P.	J.	Castaldi,	R.	San	José	Estépar,	et	al,		Am.	J.	Respir.	Crit.	Care	Med. 2013	188(9):	1083–1090



Local	Histogram	Subtypes	have	novel	GWAS

• Novel	associations	within	genes	associated	with	cell	migration	(MYO1D)	and	
cell	signaling	(VWA8).	

• GWAS	observed	at	previously	established	COPD-associated	loci
Ø 14q31	(nearby	gene	HHIP),	15q25(CHRNA3/5/IREB2),	11q22	(MMP12),	and	19q13	(CYP2D6).

Castaldi et	al,	AJRCCM,	2013



Emphysema	Subtypes	and	Lung	Cancer
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Lung	Cancer	Risk	by	Emphysema	Subtype

Kinsey	CM,	ATS;	2016



Interstitial	Lung	Abnormalities
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A bs tr ac t

Background
A common promoter polymorphism (rs35705950) in MUC5B, the gene encoding 
mucin 5B, is associated with idiopathic pulmonary fibrosis. It is not known whether 
this polymorphism is associated with interstitial lung disease in the general popu-
lation.

Methods
We performed a blinded assessment of interstitial lung abnormalities detected in 
2633 participants in the Framingham Heart Study by means of volumetric chest 
computed tomography (CT). We evaluated the relationship between the abnormali-
ties and the genotype at the rs35705950 locus.

Results
Of the 2633 chest CT scans that were evaluated, interstitial lung abnormalities were 
present in 177 (7%). Participants with such abnormalities were more likely to have 
shortness of breath and chronic cough and reduced measures of total lung and dif-
fusion capacity, as compared with participants without such abnormalities. After 
adjustment for covariates, for each copy of the minor rs35705950 allele, the odds of 
interstitial lung abnormalities were 2.8 times greater (95% confidence interval [CI], 
2.0 to 3.9; P<0.001), and the odds of definite CT evidence of pulmonary fibrosis 
were 6.3 times greater (95% CI, 3.1 to 12.7; P<0.001). Although the evidence of an 
association between the MUC5B genotype and interstitial lung abnormalities was 
greater among participants who were older than 50 years of age, a history of ciga-
rette smoking did not appear to influence the association.

Conclusions
The MUC5B promoter polymorphism was found to be associated with interstitial 
lung disease in the general population. Although this association was more appar-
ent in older persons, it did not appear to be influenced by cigarette smoking. 
(Funded by the National Institutes of Health and others; ClinicalTrials.gov number, 
NCT00005121.)

The New England Journal of Medicine 
Downloaded from nejm.org at HARVARD UNIVERSITY on June 15, 2013. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 



Local	Histogram	with	Interstitial	Patterns

Ash	SY,	Harmouche R,	Academic	Radiology 2017;24



AUC	0.82	for	the	detection	of	visually	defined	
interstitial	lung	abnormalities	

AUC	0.89	for	the	detection	of	visually	defined	
fibrotic	parenchymal	abnormalities

Detection	of	ILA	matches	visual	diagnosis

Ash	SY,	Harmouche R,	Academic	Radiology 2017;24



Susceptibility	without	visual	ILA
Adjusted

All	
Participants

Change	per	5%	Increase	
in	Interstitial	Features CI p

FEV1% -2·65 -3·15,	-2·14 <0·001

FVC% -2·47 -2.88,	-2.06 <0·001

FEV1/FVC -0·004 -0·007,	-0.001 0·005

SGRQ 1·36 0·92,	1·81 <0·001

Ash,	Chest 2017

No	ILA	(0	
only)

FEV1% -4·83 -5·78,	-3·89 <0·001

FVC% -4·09 -4·85,	-3·32 <0·001

FEV1/FVC -0·010 -0·016,	-0·005 <0·001

SGRQ 0·806 -0·027,	1·639 0·058

All	Participants

Without	Visual	
ILA



Hazard Ratio*
(5%	Absolute	
increase	of	ILA	

Features)

CI p

All	participants 1.29 1.21,	1.38 <0.001
Subgroup	A	–
Those	without	ILA

1.27 1.16,	1.39 <0.001

Subgroup	B	–
Those	without	ILA	and	without	indeterminate	
findings

1.20 1.02,	1.42 0.031

Subgroup	C	–
Those	with	normal	spirometry

1.25 1.07,	1.46 0.004

Subgroup	D	–
Those	without	chronic	dyspnea	or	bronchitis

1.26 1.11,	1.44 0.001

Mortality	and	Interstitial	Features

Ash,	Chest 2017



Parenchymal	Subtyping	Predicts	Mortality

Ash,	Radiology	2018



The	AI	Revolution:	A	new	paradigm?
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ILA	subtyping	with	Deep	Learning	



Ensemble	of	Convolutional	Neural	Networks

Bermejo,	Scientific	Reports,	2018,	under	review





Ensemble	stabilize	performance

• Training	in	37,424	locations
• Testing	in	36,336	locations

Sensitivity Specificity



Comparison	with	other	architectures



Reconstruction	Stability



Direct	Biomarker	Regression
Bone	Mineral	Density

Emphysema	Score

González	G	et	al,	SPIE	2018



Emphysema	Scoring	From	X-Ray

Iturrioz,	ISBI	2018



Emphysema	Scoring	From	X-Ray

Iturrioz,	ISBI	2018



Artificial	Intelligence	and	Integral	Diagnosis
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Deep	Learning	Performance	for	COPD	Assessment

COPDGene Replication
Reconstruction	Kernel ECLIPSE

STD	(n=1,000) SHARP	(n=1,000) (n=1,547)
FEV1
(r	coef.)

0.735
[0.705	- 0.762]

0.735	
[0.705	– 0.762]

0.64	
[0.542	- 0.756]

GOLD	Stage
(Accuracy) 51.2%	/	74.7% 52.0%	/	73.8% 29.4%	/	74.6%

ARD	
AUC		

0.633
[0.602	- 0.663]

0.627	
[0.597	– 0.658]

0.55
[0.51	- 0.62]	

Mortality	AUC 0.72
[0.6	- 0.78]

0.709
[0.58	– 0.737]

0.6
[0.52	- 0.71]

González	Serrano	G,	Am	J	Respir Crit Care	Med, 2017



Conclusions
• Parenchymal	Injury	is	a	crucial	marker	of	the	host	
inflammatory	response	to	tobacco	injury.

• Quantitative	assessment	of	parenchymal	injury	
(emphysema	and	ILD)	is	clinically	relevant	even	in	
asymptomatic.

• Artificial	Intelligence	may	offer	a	new	paradigm	for	
image-based	biomarker	computation
• Quality	and	through	testing	are	a	key	factor	for	translation
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