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cancer patients 
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is simply the 

extraction of a high 

number of quantitative 

features from medical 

images 

Radiomics 

Radio + Omics   
 genomics (DNA) - transcriptomics (RNA) 

 proteomics - metabolomics 
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Radiomics 
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 medical physicist 

 biomedical engineer 



Radiomics – Work Flow 
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Radiomics – Work Flow 
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1. RX 

2. US 

3. MX 

4. CT 

5. MR 

6. PET-CT 



Radiomics – Work Flow 
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traditionally, radiomics was 

developed for extraction of 

features from a single modality 

(e.g. CT scans on patients with 

lung cancer)  

images used for radiomic 

analysis are collected from 

different hospitals or data 

centers; thus, these images are 

usually obtained using 

different parameters and 

protocols and reconstructed 

with different software.  

The differences may bring 

unexpected influences on the 

radiomic model  



Radiomics – Work Flow 
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it is critical because the subsequent feature 

data are generated from the segmented 

volumes. It is challenging because many 

tumors have indistinct borders.  



Radiomics – Work Flow 
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Extraction of  

Semantic features 

• dimension 

• necrosis 

• margin 

• location 

Extraction of  

Non Semantic features 

 shape 

 hystogram 

 texture 
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Extraction of  

Non Semantic features 

• shape 

features describing the tumors, 

including volume, surface area, 

compactness 



Radiomics – Work Flow 
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malignat 

benign 

Extraction of  

Non Semantic features 

hystogram 



Radiomics – Work Flow 
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texture   

 

       heterogeneity 

Extraction of  

Non Semantic features 



Radiomics – Work Flow 
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Radiomics – Work Flow 
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robust and  

informative  

features 



radiomics can be performed with as few as 100 patients, 

although larger data sets provide more power  

Radiomic….some considerations  

• radiomics….could potentially aid cancer 
 detection  

 diagnosis  

 assessment of prognosis  

 prediction of response to treatment  

 monitoring of disease status  
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radiogenomics 

Radiomic 

precision medicine  
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      radiogenomics  

two potential uses 
 

…….a subset of the radiomic data can be used to suggest gene 

expression or mutation status that potentially warrants further testing. 

This is important because the radiomic data are derived from the 

entire tumor (or tumors) rather than from just a sample.  
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? 



radiomics may reflect the global outlook of cancer  

Work Flow 
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precision medicine requires not 

only in vitro biomarkers and 

companion diagnostics but also 

spatially and temporally resolved 

in vivo biomarkers of tumor 

biology  

  

a central hypothesis driving 

radiomics research is that 

radiomics has the potential to 

enable quantitative measurement 

of intra- and intertumoral 

heterogeneity 

Radiomic is designed to be used in decision support of 

precision medicine  

most solid tumors are highly 

heterogeneous and that they 

continue to evolve over time; 

is the major cause of treatment 

failure and emergence of 

therapy resistance  

radiomics is capable of 

capturing the entire tumor 

volume and allows longitudinal 

monitoring  
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Radiomic is designed to be used in decision support of 

precision medicine  
 

 use standard of care images that are routinely acquired in 

clinical practice, it presents a cost-effective and highly feasible 

addition for clinical decision support; 

 non-invasively characterize the overall tumor accounting for 

heterogeneity;  

 interrogates the entire tumor allows the expression of 

microscopic genomic and proteomics patterns in terms of 

macroscopic image-based features;  

 produce prognostic and/or predictive biomarker value derived 

from routine, standard of care imaging data as-is;  

 allow for a fast, low-cost, and repeatable means for longitudinal 

monitoring. 
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Radiomic….in Oncology 
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Radiomic….in Oncology 
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Lung cancer  

Breast cancer  
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Lung cancer  

Breast cancer  



Radiomic….in Oncology 
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Lung cancer  

differentiated aggressive lung carcinomas from non-aggressive 

ones based on CT scans  

440 radiomic features in non-small cell lung and head and 

neck cancer. survival, the histology, and the tumor stage 

33 markers may predict metastatic spread, and another 

signature encompassing 12 features the survival  

differentiate distinct phenotypes (carcinoma in situ versus 

minimally invasive carcinoma versus invasive carcinoma)  

radiomic signature (heterogeneity-based) in 353 patients could 

predict the EGFR (epidermal growth factor receptor) status; 

intended to differentiate KRAS-positive from KRAS-negative 

tumors  



Radiomic….in Oncology 
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Lung cancer  



Radiomic….in Oncology 
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Lung cancer  



Radiomic….in Oncology 
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Breast cancer  

structural analysis of mammograms has also been 

successfully implemented in ultrasound diagnostics for 

differentiation of breast cancer  

magnetic resonance imaging   
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Breast cancer  

structural analysis of mammograms has also been 

successfully implemented in ultrasound diagnostics for 

differentiation of breast cancer  

differentiate breast cancer from benign lesions with a sensitivity of 

85 % and a specificity of 89 %. By means of 3 classic machine- 

learning and 5 features 

magnetic resonance imaging   

breast MR imaging radiogenomics can more fully assess the 

correlations between imaging features and breast cancer 

molecular subtypes of luminal A, luminal B, HER2, and TN 

cancer  

differences between chemotherapy responders and failures based 

on 8 and 2 (entropy and uniformity) MRI-based structural 

parameters,  



Radiomic….in Oncology 
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Breast cancer  



Radiomic….in Oncology 
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 our experience 

 characterization 

 prediction to response 

Radiomic….in Oncology 
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Model 

skewness ADC, 

mean T2,margin,  

contrast medium 

Value 95% CI 

Accuracy 85,11 71.69% to 93.80% 

Sensitivity(%) 88,5 69.85% to 97.55% 

Specificity(%) 81,0 58.09% to 94.55% 

PPV(%) 85,2 70.19% to 93.35% 

NPV(%) 85,0 65.71% to 94.37% 

1 benign 

2 malignant 

 skewness ADC 

 mean T2 

 margin 

 contrast medium 

salivary gland lesions 

features 

Radiomic….in Head and Neck 
 our experience 
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Warthin 

Malignant 

Pleomorhic 

Adenoma  

Radiomic….in Head and Neck 
 our experience 

mean T2 
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ADC/Dt     T  1.377/0.991 10-3 mm2/s      

    N 0.953/0.738  10-3 mm2/s   

ADC/Dt      T  1.598/1.265 10-3 mm2/s  

      N  1.289/1.046  10-3 mm2/s 

lower ADC HPV+ 

higher ADC HPV- 

  

1 
Radiomic….in Head and Neck 

 our experience 
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1 
Radiomic….in Head and Neck 

 our experience 

the best predictive 

model for HPV 

positivity was 

obtained combining 

 alcohol intake 

 smoke habits 

Dt values of PTs  

 

   accuracy = 80.8% 
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Radiomic….in Head and Neck 

the image-based analysis was performed on  

 the planning CT  

on T2w-MRI  

DW-MRI acquired before CRT (MRI 1) and at mid-treatment (MRI 2)  

 our experience 
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Radiomic….in Head and Neck 

pre-treatment features showed higher 

predictive power than mid-CRT features, the 

ADC having the highest accuracy (80%); CT-

based indices were found not predictive. 

When ADC was combined with Texture 

Analisys on T2, the classification 

performance increased (accuracy = 82.8%)  

 our experience 
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clinical information 

age – sex  

site-subsite 

T - N stage 

therapeutic combination 

CT/MR morpholgycal 

information 

dimension - necrosis 

shape- margin 

gray level on CT 

MR T2 signal intensity 

contrast medium 

cellular 

information 

Diffusion 
ADC - D  - f 

D* - K  - Dk  

 

hystogram analysis 

mean 

median 

kurtosis 

skewness 

entropy 

microcirculation information  

Perfusion 

nIAUGC - Ktrans 

Ve – Kep - Vp 

metabolic information 

PET-CT 

SUV 
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characterization 

distant metastases 

prognostic outcome 

 
prediction to response 

post-treatment evaluation 

overall survival 
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Challenges 

Understanding (what do GLRLM, SRL….)  

 Standardization ? 

Acquisition variability ? 

Representative populations ? 

Medical meaning/usefulness ? 

 

    

…..still a long way to go 

as any challenges 
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Radiomics 

 Radio 

 Omics   
 genomics (DNA)  

 transcriptomics (RNA) 

 proteomics 

 metabolomics 

    

Post-ESMO “Radiomica tra Presente e Futuro”  Roma 2019 


