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modified from Abernethy AP et al Journ Clin Oncol (2010)

Background| Oncology: multiomics medicine by design



Background|Artificial intelligence

Machine learning

It is a method where 
the target (goal) is defined 
and the steps to reach that 
target is learned by the 
machine itself by training 
(gaining experience)

Rationale for using AI 
To do quicker (and better?) 
what humans can already 
do and to do what humans 
can not do



Background|Artificial intelligence
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Deep learning

• It is a specific subfield of ML

• It puts emphasis on learning
successive layers of increasingly 
meaningful representations
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Background|Artificial intelligence
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Background|Is radiology an optical illusion?



Practical objectives of imaging analysis

- Characterization of tumour through 
quantitative features

- Therapeutic response prediction

- Patient stratification for therapy choice 

- Radiotherapy treatment optimiziation 

Background| Imaging biomarkers

Bodalal C. et al Insights imaging (2018)



Limkin EJ et al. Ann Oncol. (2017)

Background| Imaging biomarkers



Fournier L. et al Eur Radiol (2021)

Background| Imaging biomarkers



Radiomics
• Converts medical images into quantitative data using mathematical algorithms
•  Extracts features such as texture, shape, and intensity to assess tissue characteristics and 
 heterogeneity

Radiogenomics
• Integrates radiomic features with genomic data to uncover the biological basis of imaging  
   phenotypes
• Facilitates non-invasive prediction of tumor molecular characteristics and resposnse to

therapy

Radiomics| Definitions



Radio(geno)mics evaluation

• Not invasive
• Repeatable 
• Analyzes entire tumor volume : genomics
• Uses already available diagnostic exams
• Cheap

Histological evaluation

•  Invasive
•  Difficult to repeat 
•  Tumor heterogeneity
•  General risks 
•  Expensive

Radiomics| Definitions



AI applications| Early diagnosis in breast cancer

• Risk prediction
• Screening
• Diagnosis and characterization

1998

R2 Technology's ImageChecker M1000 system



McKinney SM et al  Nature 2020 Jan;577(7788):89-94 

Objectives
• Develop and evaluate the 

accuracy of an AI system 
applied to nearly 29.000 
mammographic screening 
images

• Compare it with human
performance (6 radiologists)

AI applications| Early diagnosis in breast cancer

McKinney SM et al Nature (2020)



AI system exceeded human performance
(ΔAUC = +0.12 ; p = 0.0002) 

AUC 0.62

AUC 0.74

AI applications| Early diagnosis in breast cancer

McKinney SM et al Nature (2020)



– 9,4% of FN and – 5,7% of FP

AI applications| Early diagnosis in breast cancer

McKinney SM et al Nature (2020)



AI applications| Early diagnosis in breast cancer

FDA approved AI tools 

Taylor CR et al. Diagnostics (2023)



AI applications| Early diagnosis in breast cancer

Shoshan Y and Bakalo R et al. Radiology (2022)

5182 DBT examinations

5 radiologists performance 
417 of 459 detected cancers [90.8%]
477 recalls in 5182 [9.2%] 

AI performance
413 of 459 detected cancers [90.0%]
358 recalls in 5182 [6.9%]
p 0.002

Use of AI to automatically filter out 
cases results in 39.6% less workload

AUC standalone AI compared with the mean 
reader (0.84 vs 0.81; p= 0.002)



Taylor, C.R et al. Diagnostics 2023, 13, 2041

AI applications| Early diagnosis in breast cancer

Taylor CR et al. Diagnostics (2023)

FDA approved AI tools 

• Improve exam management
• Categorize cases by complexity
• Replace the second reader in double-reading sites



AI applications| Early diagnosis in breast cancer

Parekh VS et al. Breast Cancer Res Treat. (2020)

 



The mpRad features successfully classified breast lesions with 
excellent sensitivity and specificity of 82.5% and 80.5%, respectively, 
with AUC of 0.87 (0.81–0.93). 
mpRad provided a 9-28% increase in AUC metrics over single 
radiomic parameters.

AI applications| Early diagnosis in breast cancer

Parekh VS et al. Breast Cancer Res Treat. (2020)

 



Tumor boards|The role of AI

Grunhut J et al. Acad Med (2023)



Thank you for your kind attention

luca.boldrini@policlinicogemelli.it
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