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Today 

1. Presentation 

 

2. Agenda for this Week 

 

3. Quantitative Imaging in Chest Diseases 
 Overview 

 Principles CT Scanning 

 COPD main challenges 

 Image-based biomarker development 

 

4.  Opportunities with Artificial Intelligence 
 Translation to patient care 

 

5. Introduction to Chest Imaging Platform 

 

6. Practicum: Emphysema Assessment 
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ACIL Studies 

COPDGene 
• 10,000 subjects with HRCT 

•Genetic epidemiology of COPD  

Framingham Heart Study  

(Pulmonary Research Center) 
•Population-based (3000 subjects) 

• Cardiac CT and Chest CT 

 

NETT 
• 1,200 with severe COPD 

• Extensive phenotypic data 

LTRC 
• Tissue for histopathological 

correlation in lung cancer patients. 

CT Analysis 

Applied Chest Imaging 

Laboratory 

CARDIA-LUNG 
• 3,000 subjects 

Cotton Workers 
•Exposure to cotton dust in 

Shangia textile works 

•500 subjects  

World Trade Center 

Rescue Workers 
•600 Subjects 

• Low Dose CT 
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Chest Imaging Platform:  

Open Source for quantitative Chest Imaging 

www.chestimagingplatform.org 
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Contact 

 

Raul:    rsanjose@bwh.harvard.edu 

Jorge:  jonieva@bwh.harvard.edu 

 

mailto:rsanjose@bwh.harvard.edu
mailto:jonieva@bwh.harvard.edu
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Agenda 
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Agenda 
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Imaging in Healthcare Today 

Screening Diagnosis 

Staging 

Therapy 

Monitoring 
Treatment 

Research and 

Health 

Radiology 

Services 

CAD 
Computer Aided 

Diagnosis 

Biomarkers 

Planning 

Image Guided 

Therapy 

Therapy 

Delivery 

Clinical 

Research 

Therapeutics 

Genetics 

Well-being 
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The Lung Disease Spectrum 

 

COPD 

Lung Cancer 

Occupational 
Lung 

Diseases 

Asthma 

Airway Disease 

Emphysema 

Broncheactasis 

Vascular 
Disease 

Nodulatiry 

ILD/Fibrosis 

qCT 
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Smoking Related Lung Disease 

Emphysema/COPD                         Overlap                                Pulmonary 

Fibrosis 

Academic Radiology 2010 
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CT SCANNING 
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Principles of CT Scanning 

Goldman J Nucl Med Technol 2007;35:115-128 
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Principles of CT Scanning 

• All materials attenuate (absorb/deflect) radiation to a 

varying degree 

 

• Rotating X-ray beam produces a “sinogram”of  

attenuations (i.e. difference between delivered and 

received) 

 

• Moving patient through gantry converts plane/grid to 

volume 

 

• The rotating beam signal (“signogram”) is converted 

to a spatial signal (the image) through reconstruction. 
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Principles of CT Scanning 

Sinogram Image 
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Principles of CT Scanning 

• Volumated pixels = Voxels 

• Voxels have an attenuation number 

• Each attenuation number is assigned a shade of gray 
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Principles of CT Scanning 

• Attenuation number = Hounsfield Unit (HU) 

 

 

 

 

 

            -1000                              0                              +1000 

 

       -1000                                            0                                       +1000 

 

 

• Lung tissue threshold < -400 HU 
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COPD 
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Chronic Obstructive Pulmonary Disease (COPD) 

• Definition: “Airflow limitation that is not fully reversible. The airflow 
limitation is usually progressive and associated with an abnormal 
inflammatory response of the lung to noxious particles or gases.” 

 

• Causes: 
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COPD: A Growing Public Health Concern 

64 million people affected by COPD in World wide  

24 million in US, 21 million in EU, 1.5 million in Spain 

 

Projected to be the third-leading cause of death by 2020 
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 Percent Change in Age-Adjusted Death Rates, U.S., 1963-2010 
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COPD: A Growing Disease 
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Understanding COPD 

Airway Disease 

Emphysema 
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Disease Onset 
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Disease Pathogenesis 
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SYSTEMIC 

INFLAMMATION 
 

OXIDATIVE 

STRESS Cachexia 

Cardiovascular comorbidities 

Skeletal Muscle Wasting 

Osteoporosis 

Diabetes, Metabolic Syndrome 

Lung Infections, Lung cancer 

Depression 

Peptic Ulceration 

Systemic Effects 

Fabbri et al. ERJ 2008; 100:115 
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A Holistic Tool to Smoking Related Disease  

 

Atlas of COPD, Springer Science. 2008 
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Why do we need new Biomarkers in COPD? 

Jones et al. Thorax, 2001 
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Biomarkers Landscape 
 

RNA 

Molecules 

Peptides 

Proteins 

DNA 
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Biology 

Networks 

Functional 

Measurements 

Radiographic 

Images 

Disease Expression Stratification/ 

Subtypes 

Diagnostics 

Therapy 

Development 

Biomarkers 

 Devices 

 Algorithms 
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Developing Imaging Biomarkers 

Pathophysiological 

mechanisms of 

disease 

Imaging Modality 

Physical Properties 

Computational 

Imaging 

Genome 

Gene Expression 

Protein Expression 

Image-based 

Biomarkers 
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Computational Imaging in COPD 

Computational 

Imaging  

Outcome  / 

Clinical 

Prediction 

 

Histopathology / 

Structural Changes 

What are the imaging endophenotypes that are linked to 

the clinical manifestation and the prognostication of 

COPD? 

 

Hypotheses 

 
Phenotype 

Imaging 

Phenotype 

Endophenotype 

Endotype 
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In-vivo Measurements of Disease 

 
• Parenchyma 

 
• Airways 

 
 

• Vasculature 
 
 

• Extra-pulmonary 
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Computational Imaging by Image Analysis 

Pulmonary Fissures Airways Vasculature 
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Emphysema Subtyping via Local Histogram 

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 
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Genome-wide Significant Associations with Emphysema 

Subtypes in COPDGene 

• Novel associations within genes associated with cell migration 

(MYO1D) and cell signaling (VWA8).  

• Genome-wide significant associations were observed at previously 

established COPD-associated loci at 4q31 (nearby gene HHIP), 

15q25(CHRNA3/5/IREB2), 11q22 (MMP12), and 19q13 (CYP2D6). 
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Co-localization Evidence for TGFBR2 

GWAS – Moderate 

Centrilobular Emphysema 

eQTL – GTEx Fibroblasts 
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What is this all about? 

ARTIFICIAL INTELLIGENCE 
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Editorials in Main Medical Journals 
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Convolutional Neural Network to Predict COPD Outcomes 

••• 

16 

••• 

64 

Input: 512x512x1 C1: 128x128x16 C2: 32x32x32 C3: 8x8x64 

••• 

32 

C
o
n
v	
+	
M
ax
P
o
o
lin
g	

C
o
n
v	
+
	M

ax
P
o
o
lin
g	

C
o
n
v	
+
M
ax
P
o
o
lin
g	

FC1: 1024 

O
u

tc
o

m
e

 \
 

C
li

n
ic

a
l 

P
h

e
n

o
ty

p
e

 

Gonzalez, AJRCC 2017 
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Deep Learning Regressor Performance 

  COPDGene (n=1,000)   Replication 

Reconstruction Kernel ECLIPSE 

  STD SHARP    (n=1,547) 

FEV1 

 (r) 

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] 

Testing Cohort 
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Interpretation of Network 
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What is the Clinical Translation? 

• Prediction of Emphysema Scoring from X-Ray 
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Emphysema Diagnosis on X-ray 
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What is the network learning? 
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