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Overview

• What is Artificial Intelligence? 

• Applications of AI in Imaging

• Applications of AI in Lung Cancer

• Future opportunities for AI in Early Detection of Lung Cancer



AI (Artificial Intelligence)

Intelligent machines 
that “think” and act like 
humans

DL (Deep Learning)
Training machines to 
think like human brains

Artificial intelligence definitions

ML (Machine Learning)
Approach for computers 
to learn without being 
explicitly programmed

Sources: Deep Learning in Medical Imaging: General Overview - Korean J Radiol. 2017 Jul-Aug;18(4):570-584 
and Machine Learning for Medical Imaging - RadioGraphics (2017) VOL. 37, NO. 2



Machine Learning

Infer patterns 
without known 
outcomes

Data management by 
written algorithms, 
known labeled 
outcomes

Learntek.org Machine Learning and Artificial Intelligence



Deep Learning 

Janiesch C, Zschech P, Heinrich K, “Machine Learning and Deep Learning” in Electronic Markets Vol 31, pp685-695, April 8, 2021

Learns from problem-specific 
training data to automate the 
process of analytical model 
building and solve associated 
tasks. 
The machine improves its own 
performance with time. 



Radiology Images are huge
amounts of pure digital data 

Source: Radiology: Volume 278: Number 2—February 2016



Lung Cancer Care requires huge amounts of data: largely unstructured

Source: The Role of Circulating Biomarkers in Lung Cancer - Front. Oncol., 21 January 2022 Sec. Thoracic Oncology

Demographics
Risk factors
Health Factors
Imaging
Serology tests
Lung function
Cardiac Function
Histology
Immunohistochemisty
Biomarkers

Immune
Mutations

Radiation
Chemotherapies
Immune Therapies
Outcomes data
Follow up data 

Can we gain insights by allowing 
AI to trend and sort metadata 
across large populations?



Artificial intelligence that may simulate 
“intelligent behavior” (perform critical 
thinking comparable to a human being) 
can be used to analyze and interpret 
complex medical data.

Can it help produce meaningful insights on 
lung cancer Early Detection, making it 
easier, faster and more efficient?

Image from Engineering Application of Artificial Intelligence & Machine Learning by Shahab D. Mohaghegh



First AI applications



Computer-aided lung nodule detection – as a starting point

"Commercially available CADe tool has sensitivity of 96.7%, 
whereas double reading has only 78.1% sensitivity. 
Nonetheless, these CADe tools are known to encounter a high 
number of false positives and insufficient performances for the 
detection of subsolid nodules"
Source: Eur Radiol (2012) 22:2076–2084

With early CADe tools, Bae et al. in 2005 reported a 
sensitivity of 95.6% for the detection of pulmonary nodules 
nonetheless with a number of false positives per 
examination of 6.9 and 4.0 for detection sensitivity 
thresholds of 3 and 5 mm, respectively

Source: Radiology 2005; 236:286–294

“With sensitivity adjusted for 3-mm nodule detection, 50% of 
subsolid nodules were detected, 26% at the 5-mm setting. 
And at the highest sensitivity setting (2-mm nodule 
detection), the nodule detection rate only increased to 54%”

Source: European Journal of Radiology 85 (2016) 1728–1734



Source: Fuzzy Speed Function Based 
Active Contour  Model for 
Segmentation of Pulmonary Nodules -
Bio-Medical Materials and 
Engineering 24 (2014) 539–547



Source: Data Science Bowl 2017 | Kaggle

A total of US$1 million in prize 
money for the ten best 
algorithms that could predict 
lung cancer from a single 
screening CT scan. The task 
was to predict whether an 
individual patient would be 
diagnosed with lung cancer 
within 1 year of the scan

Source: Nearly 10,000 Compete in 3rd Data Science Bowl to Improve Lung Cancer Detection (boozallen.com)

https://www.kaggle.com/competitions/data-science-bowl-2017/overview/description
https://www.boozallen.com/e/media/press-release/nearly-10-000-global-problem-solvers-yield-winning-formulas-to-i.html


Google AI project 2019



Deep Learning vs. 
Machine Learning 2022

Source: Artifcial intelligence in lung cancer: 
current applications 
and perspectives - Japanese Journal of Radiology 
(November 9, 2022)

Detection of a pulmonary 
ground-glass nodule. A Axial 
chest CT image shows a 10 × 8 
mm ground-glass nodule 
(arrow) in the right upper 
lobe. The ground-glass 
nodule is not detected by two 
different computer-aided 
detection tools based on 
classical machine learning 
methods (B and C) but is 
correctly detected by the one 
based on deep learning (D)



Current applications of AI in Early Detection



2015  COMPUTER-AIDED NODULE DETECTION

• Standard CT scans
• Comparison to prior exams
• Standardized nodule table (structured data)



NATURAL LANGUAGE PROCESSING TO DETECT 
INCIDENTAL FINDINGS

Wellstar Incidental Nodule
2019-2022 (800 days)

92,000 Chest Imaging Reports referred by 

NLP to reviewers



2021   AI assisted DIAGNOSIS

• AI-powered Radiomics-based digital biomarker for lung cancer

• Features a clinically-validated Lung Cancer Prediction (LCP) score

• The score is computed from full patterns of 3D pixels in standard  

CT images

• Deployed inside “Lung Cancer Orchestrator” Nodule Clinic AppOptellum.com



Future for Screening: Machine Learning of VOCs

Source: Sensors 2018, 18(9), 2845



Opportunities for AI in Lung Cancer 

Data 
management

Population 
Health

Risk 
stratification

Nodule 
Management

Treatment and 
Outcomes

• Convert 
unstructured data 
to Structured

• Collate relevant 
data for work-up 
and treatment

• Refine Population 
Risk assessment

• Refine Lung 
Screening criteria

• Address Social 
Determinants of 
Health

• Refine Lung 
Screening criteria

• Refine NLP referral 
for review

• Address Social 
Determinants of 
Health

• Improved 
specificity in 
nodule detection

• Improved 
sensitivity for GGOs

• Determine best 
treatment based on 
all factors known

• Predict outcomes 
based on all factors 
known



Volumes of Patient Data are very high to detect 1 lung cancer

33,645 scans

11,866 unique patients     

406 Lung Cancers

55 non-lung cancers

2019-2022 (800 days)

92,000 Imaging Reports referred by NLP to reviewers

35,000 Imaging Reports referred to NP and RN for review

1014 cases reviewed by Physicians

76 Lung Cancers detected and treated 

14 non-lung cancers 

Lung Screening Incidental Nodule

For example



New tool:      Spectral CT
Conventional CT images (upper row) show two pulmonary 
nodules in the right (A) and left (B) upper lobe, both of which 
are considered suspicious for malignancy based on their size 
and appearance.
Iodine maps available from dual-layer, dual-energy CT
(center row) clearly indicate significant uptake of the 
iodinated contrast media by the right pulmonary nodule (A, 
2.1 mg/ml), whereas the left pulmonary nodule did not take 
up iodine (B, 0.6 mg/ml).

Concordant findings were obtained on FDG18 – PET (lower 
row), with low hypermetabolic activity associated with the 
left pulmonary nodule (maximum standardized uptake 
value = 1.7, arrowhead in B), and the right nodule 
demonstrating significant fludeoxyglucose avidity (maximum 
standardized uptake value = 7.1, arrowhead in A).

Source: Stratification of Pulmonary Nodules Using Quantitative Iodine Maps
from Dual-Energy Computed Tomography - Am J Respir Crit Care Med Vol 199, Iss 2, pp e3–e4, Jan 15, 2019



Summary

Artificial Intelligence has several forms:

Machine Learning

Deep Learning

Artificial Intelligence 

Unsolved problems remain

Unstructured data
Population Health

Risk assessment improvement 

There are several applications 
already in clinical practice

NLP
Computer-aided Detection

Radiomics Digital biomarker
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