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BREAST CANCER ≈ 41,760
LEUKEMIA ≈ 24,370

Fibrotic lung disease is a seriously under 
recognised problem for public health

MORE THAN 40,000
Deaths from idiopathic pulmonary fibrosis in 

the US since RIS in May last year



Fibrotic lung disease is a collective 
term for a group of disorders which 

cause scarring of the lungs



High Resolution Computed Tomography is central to 
diagnosis and management of fibrotic lung disease

Diagnosis
What type of fibrotic lung 

disease is this?

Monitoring
Can detect progression 

or improvement

Useful clinical 
information in 
the pixel data, 

undetectable to 
the human eye



“Frontiers” in lung fibrosis imaging research

• Early detection/screening

• Disease behaviour prediction

• Monitoring response to therapy

• Patient stratification in drug trials

• Diagnostics 

All, in principle, amenable to AI-ML solutions



Early detection

Problem 1: Symptom-based diagnosis

• Symptoms alert clinician

• Established fibrosis on HRCT

• Early intervention “opportunity” missed

• Irrevocable lung function loss…

“Diagnosing coronary artery disease after 
myocardial infarction has occurred...”

David Lederer, AJRCCM, 2012;185:697-9



Putman et al. JAMA, 2016;315:672

Similar clinical associations to IPF



Searching for patterns which predict progressive 
fibrosis based on subclinical CT abnormalities

ILA’s: 7-9 per 100
IPF: 1-63 per 100,000



Once disease is established
It is currently not possible to 
reliably predict which patients 
will develop progressive fibrosis 
or remain stable using BASELINE
information.

Stable disease with or 
without treatment

Relentlessly progressive 
disease: “progressive 
fibrotic phenotype”

Precious time wasted (more than 1 year)

More lung biopsies (2%, 30 day mortality) 

Patient exposure to harmful medications

Increased healthcare costs

Disease behaviour prediction
Problem 2:The progressive fibrotic phenotype



“PROGRESSIVE”

“STABLE”

Training label

ILA progression?
FLD progression?

FIND PATTERNS

Both are disease phenotyping 
problems amenable to 

DEEP LEARNING

PREDICTIVE
ALGORITHM



Disease quantification using deep learning
Monitoring subtle disease progression or response to therapy

Humphries SM, et al Radiology. 2017 May 10;285:270-8
Humphries SM, et al Eur Respir J 2018; 52:1801384



Diagnostics

Problem 3: Experts often cannot agree

Walsh et al, Thorax 2016;71:45-51



IMPACT:
Imaging plays a major role in assessing drug trial eligibility

ELIGIBLE

ELIGIBLE

INELIGIBLE

✗ IMAGING MISREAD

ELIGIBLE✓

IMAGING MISREAD✓
Longer and more expensive drug trials

INCREASED
SCREEN

FAILURES



• Reliance on specialist centres

• Increased financial burden

• Increased patient burden

1Cosgrove et al. BMC Pulmonary Medicine 2018;18:9

IMPACT:

Misdiagnosis in IPF 
>50% once, 33% more than once1

>1 year to reach correct diagnosis1

Presents an opportunity for automated diagnostic support in IPF



Our early work



Performance classifying HRCTs based on 
ATS/ERS/JRS/ALAT IPF guideline criteria

92
Thoracic radiologists

Out performed on 
diagnosis and outcome

Can be deployed anywhere easily for 
reproducible, expert-level diagnosis support

Our early work



Not UIP

UIP

Algorithm provided equivalent prognostic discrimination between 
“UIP vs not UIP” than majority opinion of 92 thoracic radiologists

Not UIP

UIP





AUGMENTED INTELLIGENCE
“Automated decision support”



AI-based biomarker research in IPF
Issues – hype and real questions

• The “black box” issue
• Overstated or critically important?

• Other black boxes in medicine

• The “buy-in” issue
• Data bias and algorithm generalizability

• Accountability and governance

• The “data” issue
• How much is needed?

• Common datasets for benchmarking 
• No comparative research in QCT

• Human vs machine covered. What about machine vs machine?

• The Cancer Imaging Archive



DEVELOP A LARGE AND DIVERSE IMAGING REPOSITORY 
ENGAGE WIDER MACHINE LEARNING COMMUNITY

INCREASE COLLABORATION




