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WHAT IS THIS?
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RADIOMICS I

• Radiomics makes it possible to analyze and extract data from medical

images, including quantitative and qualitative characteristics.

• CT, MRI and PET using computer software.

• More precise delimitation of tumor, the tumor microenvironment or

alterations after treatment.
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RADIOMICS II

This requires:
1. Image acquisition
2.Dataset creation
3.Export of DICOM studies
4. Identification of the volume of interest (VOI) using segmentation tools
5.Feature extraction and qualification
6.Study of the data
7.Construction of a predictive model
8.Validation of the created models

Kumar V, et al. Magn Reson Imaging 2012;30:1234–1248. Katabathina VS, et al. Radiographics 2020;40:1600–1626. 
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RADIOMICS III

The use of convolutional neural networks (CNNs) in medical image analysis is growing, 
outperforming traditional machine learning (ML) algorithms on large datasets. 

Problems

- Large variability in medical concepts

- number of studies

Pre-training studies is proposed with promising results for different image analysis tasks. 

Ziegelmayer S, et al. J Clin Med 2020;9:4013. Barat M, et al. Jpn J Radiol 2021;39:514–523. Weisberg EM, et 
al. Diagn Interv Imaging 2020;101:111–115. Kaissis G, et al. Eur Radiol Exp 2019;3:41. 
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RADIOGENOMICS

Correlation of studies between genomics and molecular

measurements and radiological studies to be established,

improving diagnosis and patient stratification.

Bartoli M, et al. Jpn J Radiol 2020;38:1111–1124. 

PRECISION MEDICINE



Ferro M, de Cobelli O, Vartolomei MD, Lucarelli G, Crocetto F, Barone B, Sciarra A, Del Giudice F, Muto M, Maggi M, Carrieri G, Busetto GM, Falagario U, Terracciano D, Cormio L, Musi G, Tataru OS. Prostate Cancer
Radiogenomics-From Imaging to Molecular Characterization. Int J Mol Sci. 2021 Sep 15;22(18):9971



Saxena S, Jena B, Gupta N, Das S, Sarmah D, Bhattacharya P, Nath T, Paul S, Fouda MM, Kalra M, Saba L, Pareek G, Suri JS. Role of Artificial Intelligence in Radiogenomics for Cancers in the Era of Precision
Medicine. Cancers (Basel). 2022 Jun 9;14(12):2860. 



WORKFLOW

2-SEGMENTATION 
1-IMAGE ADQUISICTION                  

3-EXTRACTION AND QUANTIFICATION

4-CONSTRUCTION OF MODELS
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1. Image acquisition and 
reconstruction

• Characteristics: kV, mAs, slice size, breath control method, 

configuration, contrast. 

• Standardization of image data 

• Can help to establish predictive models.

• Important in the final results of the analysis (homogeneous criterion)

• Radiomics based on non-contrast CT images has shown in some studies a higher efficiency compared to contrast CT images.

Barat M, et al. Jpn J Radiol 2021;39:514–523. 
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2. Segmentation of the area of
interest (I) 

• ROI (Region of interest) = segmentation. 
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2. Segmentation of the area of
interest (II)

Types of segmentation: Manual, automatic, or semi-automatic. 

• Gold standard à manual segmentation by experts but is operator dependent

• Automatic segmentation: uses preselected parameters and is ideal for its
accuracy, reproducibility, and consistency but manual intervention is necessary
to validate the automatic segmentation. 

• There is no universal method, the same algorithm can give variable results. 
• The semiautomatic segmentation is able to combine two previous procedures

being the most recommended. 
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2. Segmentation of the area of 
interest (III)

• Is crucial, an error in this phase will modify the whole
analisis.

Weisberg EM, et al. Diagn Interv Imaging 2020;101:111–115. 
Kaissis G, et al. Eur Radiol Exp 2019;3:41. Bartoli M, et al. Jpn J Radiol 2020;38:1111–1124 
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3. Extraction and quantification of 
features (I)

• 4 types of analysis:

1. Morphologicalà the most basic radiomics analysis

2. Statisticalà includes first-order (histogram) and highly-order
features (texture)

3. Regionalà intratumor heterogeneity and characteristics around the
tumor

4. Model-based à is analyzed with a mathematical approach
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3. Extraction and quantification of 
features (II)

• Morphological analysis includes:
Ø Shape.
To evaluate physical characteristics and differentiates between
malignant and benign lesions.
Include: diameter, volume, area under the curve (AUC), and
wave.
Lesions are constructed in 3D images.
The most commonly used: maximum and minimum diameter,
and volume.

Muhi A et al. J Magn Reson Imaging 2012;35:827–836. Zaheer A, et al. J Comput Assist Tomogr 2014;38:146–152. Cheng 
MF, et al. Sci Rep 2018;8:3651. Park S, et al. Diagn Interv Imaging 2020;101:555–564. Chu LC, etl al. AJR Am J Roentgenol
2019;213:349–357.
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3. Extraction and quantification of 
features (III)

The volume is defined by counting the number of voxels in the
tumor and multiplying by the volume of the voxel. 

Volume is a key parameter, a short volume doubling time reflects
high histological aggressiveness and suggests poor prognosis, 

volume is a tool for evaluating response to treatment.

Muhi A et al. J Magn Reson Imaging 2012;35:827–836. Zaheer A, et al. J Comput Assist Tomogr 2014;38:146–
152. Cheng MF, et al. Sci Rep 2018;8:3651. Park S, et al. Diagn Interv Imaging 2020;101:555–564. Chu LC, etl al. 
AJR Am J Roentgenol 2019;213:349–357.
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3. Extraction and quantification of 
features (IV)

Ø Intensity
• Is analyzed in histograms which are graphic representations of the

intensity distribution in an image. 
• Analysis includes: 
• Range, mean, median, standard deviation (SD), minimum, 

maximum, kurtosis, energy, entropy (describes the randomness of
the surrounding intensities within a grayscale image), uniformity, 
variance, and skewness

• Can be used to predict the nature of the lesion and prognosis. 
• Characteristics are dependent on the reconstruction and image

acquisition parameters (cut size and voxel size). 

European Study Group on Cystic Tumours of the Pancreas. European evidence-based guidelines on pancreatic
cystic neoplasms. Gut 2018;67:789–804. 
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3. Extraction and quantification of 
features (V)

Ø Texture
Ø Describes the relationship between neighboring

pixels and their distribution through the nodes.
• Determines the tumor’s heterogeneity

(differentiation between benign and malignant
lesions).

• For texture extraction, the most used method
includes second-order statistics and co-
occurrence matrix characteristics constructed
using number, distance, and angle of gray levels
in the image.

• Includes: correlation, clustering, contrast, energy,
and entropy.
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3. Extraction and quantification of 
features (VII)

Ø Wavelet 
• Allows to decompose the image data into different frequency

components and uses these data to extract characteristics
related to the texture and intensity of the image. 

• These are filters that transform an array of complex lines or
radio waves. 

• The most common is the Coiflet wave transformation. 
• They are used in the diagnosis and evaluation of response to 

treatment. 

Zamboni F, et la. Transpl Int 2000;13:234–235. 
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3. Extraction and quantification of 
features (VIII)

• The relationship between the tumor and the surrounding
healthy surface is another element of the tumor 
microenvironment. 

• The discrete compaction is related to its circularity and this to 
the invasion around the tumor. 

• The neighboring gray tone matrix is a parameter to 
differentiate gray tones, including busyness, complexity, and 
texture length. 

• It is necessary to evaluate these data with statistical co-
variance. 

Sahani DV, et al. AJR Am J Roentgenol 2011;197:W53–W61. Kumar V, Gu Y, Basu S, Berglund A, Eschrich SA, Schabath MB, 
et al. Radiomics: the process and the challenges. Magn Reson Imaging 2012;30:1234–1248. 
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4. Construction of predictive models and 
prognosis in a non-invasive method

• Relationships between radiomics parameters and clinical
variables.

• This can be done from direct statistical analysis based on
hypotheses on machine learning methods. 





WHAT ARE THE APPLICATIONS?
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Differential diagnosis IN 
PANCREATIC LESIONS

de la Pinta C. Radiomics in pancreatic cancer for oncologist: Present and future. Hepatobiliary Pancreat Dis Int. 2022 Aug;21(4):356-361. 
doi: 10.1016/j.hbpd.2021.12.006. Epub 2021 Dec 16. PMID: 34961674.



This project has received funding from the European
Union’s Horizon 2020 Research and Innovation
programme under grant agreement No 857381

Differential diagnosis IN 
neuroendocrine tumors

de la Pinta C. Radiomics in pancreatic cancer for oncologist: Present and future. Hepatobiliary Pancreat Dis Int. 2022 Aug;21(4):356-361. doi: 
10.1016/j.hbpd.2021.12.006. Epub 2021 Dec 16. PMID: 34961674.



PREDICTION: OVERALL SURVIVAL AND 
LOCAL CONTROL

de la Pinta C, Barrios-Campo N, Sevillano D. Radiomics in lung cancer for oncologists. J Clin Transl Res. 2020 Sep 2;6(4):127-134. PMID: 33521373; PMCID: PMC7837741.

Lung
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Radiogenomics

• The genetic study of tumors has
allowed the development of
targeted therapies, and the
stratification of patients in terms
of risk of relapse, prognosis,
prediction of response and
survival.

• The correlation of genetic
alterations or tumor
microenvironment and
radiological findings allows the
use of these imaging tests as a
non-invasive tool for personalized
medicine.

de la Pinta C, Castillo ME, Collado M, Galindo-Pumariño C, Peña C. Radiogenomics: Hunting Down Liver Metastasis in Colorectal Cancer
Patients. Cancers (Basel). 2021 Nov 5;13(21):5547. 
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Saxena S, Jena B, Gupta N, Das S, Sarmah D, Bhattacharya P, Nath T, Paul S, Fouda MM, Kalra M, Saba L, Pareek G, Suri JS. Role of Artificial 
Intelligence in Radiogenomics for Cancers in the Era of Precision Medicine. Cancers (Basel). 2022 Jun 9;14(12):2860. 
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LIVER METASTASES

de la Pinta C, Castillo ME, Collado M, Galindo-Pumariño C, Peña C. Radiogenomics: Hunting Down Liver Metastasis in 
Colorectal Cancer Patients. Cancers (Basel). 2021 Nov 5;13(21):5547. 



de la Pinta C, Castillo ME, Collado M, Galindo-Pumariño C, Peña C. Radiogenomics: Hunting Down Liver Metastasis in Colorectal Cancer Patients. Cancers (Basel). 2021 Nov 5;13(21):5547. 



This project has received funding from the European
Union’s Horizon 2020 Research and Innovation
programme under grant agreement No 857381

PROSTATE CANCER

Ferro M, et al. Prostate Cancer Radiogenomics-From Imaging to Molecular Characterization. Int J Mol Sci. 
2021 Sep 15;22(18):9971



Ferro M, de Cobelli O, Vartolomei MD, Lucarelli G, Crocetto F, Barone B, Sciarra A, Del Giudice F, Muto M, Maggi M, Carrieri G, Busetto GM, Falagario U, Terracciano D, Cormio L, Musi G, Tataru OS. Prostate Cancer
Radiogenomics-From Imaging to Molecular Characterization. Int J Mol Sci. 2021 Sep 15;22(18):9971



Ferro M, de Cobelli O, Vartolomei MD, Lucarelli G, Crocetto F, Barone B, Sciarra A, Del Giudice F, Muto M, Maggi M, Carrieri G, Busetto GM, Falagario U, Terracciano D, Cormio L, Musi G, Tataru OS. Prostate Cancer
Radiogenomics-From Imaging to Molecular Characterization. Int J Mol Sci. 2021 Sep 15;22(18):9971
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Gopal N, et al. The Next Paradigm Shift in the Management of Clear Cell Renal Cancer: Radiogenomics-Definition, Current Advances, and Future 
Directions. Cancers (Basel). 2022 Feb 4;14(3):793.

RENAL CELL CARCINOMA
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Assessment of response to treatment

• The correct assessment of response in the treatment is
fundamental in defining the success or failure of treatment
interventions. 

• Prediction of early response would improve treatment selection
in these patients. 

• Radiomics and radiogenomics could be very useful. 
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Technical problems, limitations and 
challenges (I) 

• CT acquisition
• Reconstruction
• Kernels
• Tube currents
• Slice size
• Voxel size
• Grey level
• Delay of contrast enhancement

Larue RTHM, et al. Acta Oncol 2017;56:1544–1553. 
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Technical problems, limitations and 
challenges (II)

• Standardization of protocols is therefore important in clinical
applications

• Also many of the comparisons between diagnostic entities
using radiomics are subjective and not clinically applicable. 

Mayerhoefer ME, et al. Med Phys 2009;36:1236–1243. 
Varghese BA, et al. AJR Am J Roentgenol 2019;212:520–528. 
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CONCLUSIONS

• Radiomics is a promising non-invasive tool for the diagnosis and clinical
management of tumors and the patients.

• The usefulness of radiomics has been studied in the differential diagnosis
of benign, premalignant and malignant lesions.

• In addition, it can help in the more precise definition of lesions for
chemotherpay and radiotherapy and assessment of response.

• Radiomics provides a more adequate and reproducible measurement of
the tumor than other methods.

• In addition, the combination of radiomics and genomics has a promising
future to biomarkers.

• However, image acquisition protocols and radiomic analysis systems
need to be standardized and validation cohorts are needed.

• Further studies are needed to consolidate the available data.
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