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Summary

In the recent past, medicine has not had much choice in treating patients or predicting the course of the 
disease. Today, modern methods are being developed that will improve the daily life of patients in the form of 
better diagnostics and therapy. 
The idea that is based on personalized medicine by collecting data from medical images is called radiomics. 
Radiomics collects data from radiological images such as computed tomography or magnetic resonance 
imaging. Features collected from the object of interest are shape, texture, intensity, histogram, margins, etc. 
These data are subsequently combined with demographic and clinical data to make an analysis. So, radiomics 
through artificial intelligence, segmentation and other methods may in the future provide the best possible 
medical care for everyone. The science that links radiological and genetic data is called radiogenomics. 
Radiogenomics tends to be able to replace some of the pathohistological methods based on imaging data.
Thus, the main goals of radiomics and radiogenomics are: Prediction and prognosis of the course of the disease, 
determining the best therapy and providing less invasive diagnostics.
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Introduction

In the beginning of medicine, to be more precise during 
the ancient civilization, physicians could predict an out-
come of disease in oncological patients only as the fatal 
outcome or short life expectancy. With the discovery of 
Wilhelm Conrad Röntgen, a revolution in medicine had 
begun. X-rays have been discovered, which significantly 
improved the diagnostics of malignant disease, but the 
therapy was still quite limited. In later years, with the 
development of chemotherapy, great progress was made 
in the treatment of oncology patients. In modern times, 
many other techniques for the treatment and diagnosis 
of malignant diseases have been developed. There is a 
problem when we do not know which of these treatments 
is the best. The answer would be that the best therapy 
procedure is the one that is the most efficient or the ther-
apy that reduces the tumor the most. Of course, there can 
be a misinterpretation of the data between physicians. 
For example, two radiologists can interpret the same CT 
scans each in their own way.

We need precision medicine to get the right treatment 
for the patient. One of the subfields of precision medi-
cine is radiomics through which we can train computer 
system to help us diagnose and choose the best therapy 
for patients. Also, the computer system would predict the 
outcome of the disease and prognosis for patients. That 

system works on principles of correlation between old 
and new patient data. In that way, we can decide which 
therapy is the best for an individual patient.

Precision medicine is a modern field of medicine that 
optimizes genotype and phenotype characteristics of the 
individual and its diseases. Furthermore, precise medicine 
includes system biology, which integrates mathematical 
modelling and biology, genomics, transcriptomics, prot-
eomics and metabolomics.

Moreover, medical imaging is also ready to be in the 
center of the action. Radiomics extract quantitative data 
from many medical images and then it combines it with 
clinical and patient data in the same database which is also 
used for the field of radiogenomics. Radiogenomics is a 
combination of genetic and radiomic data. Radiogenomics 
can offer voxel by voxel genetic information for a whole 
heterogenic tumor or in case of metastatic disease, a set 
of tumors, and then lead to the right individual therapy. 
Radiogenomics can also quantify characterizations of le-
sions for better differentiation between benign and malig-
nant entities which helps to carry out better screening of 
patients [1].

In practice, the job of a radiologist is focused on image 
interpretation which is based on studying through many 
years of faculty education. In nuclear medicine, physi-
cians analyze metabolic activity and quantify specific 
values in the detection of radiation and characterization 
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of the object, such as location, shape, sharpness, and in-
tensity. Today, such implications are crucial for diagnostic 
and therapy procedures, but also for monitoring of the 
patient, prognosis, etc.

With the correct specification of the occurrence of liver 
lesions in the application of CT technique with a contrast 
agent, scans can be used to conclude their molecular 
properties. Similar to that, some studies indicate that 
quantitative analysis of grey scale values from images 
of magnetic resonance imaging (MRI) and scans from pa-
tients with oligodendroglioma can be used for the predic-
tion of their genetic marks with deletion of chromosome 
11 and 19q [2].

These, as well as earlier examples, show that radiologi-
cal records can be quantified and shed a whole new light 
on the diagnosis and development of molecular diagnos-
tics through radiological techniques.

The field of scientific research which connects imaging 
data and basic genomic data is called radiogenomics or 
imaging genomics.

Two-way correlations and predictions between imaging 
features and genomic data can be performed and have 
been shown to non-invasively identify genomic features 
and investigate potential biological or molecularly tar-
geted events by analyzing widely available imaging data. 
There is hope that with the discovery of these characteris-
tics, the diagnostic, predictive and prognostic markers will 
be used for the decision of optimal steps in the suppres-
sion of tumors at an earlier stage, leading to a possibly 
safer alternative therapy that avoids side effects due to 
suboptimal treatment.

Radiogenomic research became more feasible in 
recent years with the appearance of multi-institutional 
imaging and genomic database records of patients with 

cancer such as Atlas Genoma (TCGA), Repository data of 
molecular brain neoplasia (Rembrandt) and Archive of 
cancer imaging (TCIA). Research in this field is promising, 
with all sorts of radiogram features that are connected 
with the wide spectra of molecular data such as muta-
tions, expression and epigenetic regulation, etc.

Radiomics is defined as the automatic extraction of 
high, multidimensional features of a quantitative im-
age from standard medical images or in other words 
radiograms.

Radiomics can extract data from microscopic struc-
tures that are not otherwise visualized by the human eye. 
It can be assumed that such quantitative micro dimen-
sional imaging methods of characterization can more ac-
curately investigate the complex heterogeneity inherent 
in solid tumors. Considering that one image series could 
contain millions of voxels which lead to numerous features 
of size, texture, shape, and wavelet in every subregion, 
radiomic offers a large amount of imaging features that 
can be used to facilitate the diagnosis of cancer, staging 
of the disease, predicting treatment responses and ulti-
mately more precise personalized treatment as shown in 
Figure 1.

Advances in high-performance computing, computing 
power, and computational methods have helped ease the 
foundations for the success of radiomics and quantita-
tive radiogenomics. New advances in software for image 
segmentation and tools which can automatically, semi-
automatically, or manually do image segmentation had 
provided a mechanism needed for modelling or selection 
of tumor or tissue of interest which will then be able to au-
tomatically start radiomic analysis. To date, no fully auto-
mated segmentation tool has been developed to provide 
sufficient accuracy assessment of tumor shape or tissue 
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Figure 1: Radiomics analysis pipeline on medical images. CT image with a label „patient“ 
show a brain cell tumor that is later segmented from the surrounding healthy tissue by ROI. 

Features are extracted to quantify the tumor shape, intensity, texture and wavelet.
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boundaries, and therefore semi-automated and manual 
segmentations remain the best pathway for accurate 
segmentation [3]. With segmentation, tumors and its sub-
regions can be quantified based on the volume, however 
there are still different limitations such as the impossibil-
ity to get subtle differences and heterogeneity inside the 
tumor which are not seen by the human eye. Therefore, 
radiomics is a new field that can help to fill these gaps 
through the extraction of data and quantitative analysis of 
macroscopic images.

Basic principles of radiogenomics 
and radiomics
The working principle of radiogenomics and radiomics is 
presented in Figure 2.

Conventional radiomics flow combines semantic and 
human engineering computational features. Those radi-
omic features can be combined with clinical and demo-
graphic data before the last phase of classification which 
generates results such as benign/malignant, reactive/non-
reactive, probability of survival etc. [4].

Radiomics for any set of data can be in 2D, 3D or higher 
dimension.

Basic components are: Volume of interest (VOI), mark-
ing the tissue with semantic properties, segmentation of 
VOI and calculation of image feature made by human.

Also, collections of imaging features can be combined 
in vector properties. Now we will describe steps that are 
needed for radiomic analysis:

VOI identification: Every VOI which is processed needs 
to be identified first, semi-automatically or manually by a 
radiologist or automatically with computed aided detec-
tion. In imaging of cancer, e.g., when multiple tumors are 
present in a single imaging study, human effort is gen-
erally required to identify those that are clinically signifi-
cant, as in the case of index lesions with RECIST scores 
(“criteria for evaluating responses in solid tumors”).

Semantic features: Semantic features are descriptive 
observations of image content. For example, semantic 
features of a lung tumor may include “the right upper 
lobe”, “pleural attachment”, “ground-glass opacity” and 
so on. There is a problem when radiologists use different 
terms for the same disease interpretation while evaluat-
ing results so the semantic features may not be optimal.
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Figure 2: Conventional radiomics workflow

Figure 3: Radiomic features. Schematic representation of lung tumors and determination 
of features such as shape, intensity and texture for further analysis.
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VOI segmentation: Radiomic features can be extracted 
from inside the volume of the image. In cancer imaging, 
some parts can contain the whole tumor, subregion and 
peritumoral region. These features must be identified and 
entered into algorithms for calculating radiomic features. 
This step of segmentation is the most difficult of all. Image 
can be sensitive to the surrounding structures, noise, and 
lack of information. Because of those technical problems, 
there is a practice today that every segmentation needs 
to be checked by a human.

Image feature computation: We can divide features 
from computed images into several classes: those that 
describe shape, sharpness, margins, histograms, tex-
ture, space variation, etc. which can be seen in Figure 
3. Furthermore, inside each, there are many individual 
features. Many features are mutually connected and as 
a result, not every feature can provide an independent 
predictive model. The standard approach in many studies 
is to generate autocorrelation matrices and combine cor-
related features in a single descriptor [5].

Methods in radiogenomics

Huge amount of biomedical data characterizing complex 
diseases are now publicly available, and new computa-
tional tools for their quantitative analysis are being rou-
tinely developed. None other than radiogenomic field is a 
better example of the potential in quantitative analysis of 
biomedical data.

Different measurements such as molecules, tissues, 
cells, and others are connected so they can be math-
ematically modelled. For instance, we can see the best 
example in oncology where we can collect data by routine 
procedures, and then there is the possibility to connect 
molecular and imaging data. We can say that radiog-
enomics binds molecular data from the genomic data-
base and quantitative features of radiological images or 
radiograms.

The most usual data that are being used for analysis 
are gene expression, DNA and the number of its copies 
or data about DNA methylation. All „omics“ (Proteomics, 
pharmacogenomics, etc.) data can also be combined. 
From the imaging point of view, CT and MRI scans are 
being mostly used for data observation because those di-
agnostic modalities have the best space resolution which 
offers quantitative extraction of features either collected 
or extracted by deep learning or radiomic techniques.

One of the main goals of radiogenomics is focused on 
the idea that medical imaging can relate to molecular 
biology so that we could better understand patient ther-
apy outcomes and which therapy to choose in general. 
Radiogenomics showed its potential through predictions 
of clinical outcomes such as prognosis and prediction of 
molecular features of the tumor. Some examples of tumor 
features are receptors of the epidermal growth factor 
(EGFR), main drug target, etc. Furthermore, radiogenomic 
maps give us multivariate analysis between image and 
gene expression or association among image phenotype 
and potential therapy. Also, CT scans of a thorax can show 
EGFR mutations. One of the most complex and crucial 
questions is how much of the molecular composition of 
complex diseases is reflected in the 3D occurrence of the 

disease recorded by radiological images. It is a question 
that radiogenomics answers more and more every day.

Example of radiomics and 
radiogenomics in brain tumors
We will describe an example from one study where dif-
ferent imaging phenotypes such as edema and necrosis 
were segmented by a semi-automated method under the 
supervision of a radiologist [6].

In this case of a brain tumor or glioblastoma analysis of 
MRI, images are already segmented.

Normalization of extracted features has been made 
from contralateral white matter. After that, multiple 
techniques of preprocessing had been made such as 
skull bone elimination by use of functional magnetic 
resonance, imaging and tool for extraction of brain data 
(FMRIB) and intensity of all images. In the coming phases, 
we can separate different features based on intensity, 
texture, shape, size, position and more from various imag-
ing techniques such as T1WI, T2WI, FLAIR, DWI and PWI. 
Those extracted features can be set off in two categories, 
semantic and agnostic. Semantic features radiologists 
usually use to describe the shape, vascularity, necrosis 
and other, while in radiomics the focus is on agnostically 
features and mathematically extracted data which are 
independent of visual criteria.

Agnostic features can be grouped into statistical fea-
tures in different levels. Features of the first level can be 
histogram based on one voxel, median, variance, kurtosis, 
etc. They are derived from regional intensity distribution 
while second level features include metrics such as entro-
py, homogeneity, etc. Ultimately, features of higher levels 
can be collected by evaluation of reciprocal connection 
of three or more voxels methods such as a performance 
length matrix or an intensity magnitude zone matrix. The 
last step in radiomic assessment is biostatistical/bioinfor-
matics analysis.

Although this step includes the full spectrum, from 
simple descriptive statistics to sophisticated multivariate 
analysis and machine learning, the multitude of imag-
ing and radiogenomic data is best analyzed by big data 
machine learning methods and predictive modeling tech-
niques. The feature selection step is an important step in 
big data analysis, including radiomics and radiogenomics, 
and is performed prior to predictive modeling/machine 
learning classification methods.

Glioblastoma is a heterogenic lesion that contains 
a dynamic cell population with various phenotypes and 
proliferation characteristics in the same patient, as well 
as in different patients. Glioblastoma is especially con-
venient solid tumor for analysis of tumor heterogeneity by 
use of radiomics. Radiomics which uses advance or more 
traditional method of MRI has been used for more detailed 
characterization of certain image phenotypes such as ede-
ma and tumor invasion or spatial heterogeneity which are 
then connected to genomic information with the goal to 
better understand some of the fundamental mechanisms. 
A recent study based on the biopsy of image-guided sam-
ples collected from the tumor nucleus and surrounding tu-
mor regions measured the ability of MRI texture features 
to predict spatial histological heterogeneity [7].
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In the future, those techniques can be of huge help in 
high tumor heterogeneity identification which can be very 
useful for neurosurgeons to eliminate highly infiltrative 
tumor regions. Another potential application of radiomics 
relates to post-treatment tumor monitoring. 

Currently, histopathological analysis is the golden 
standard for the diagnosis of brain tumor. However, new 
studies indicate that noninvasive radiomics correlate with 
tumor staging and proper diagnosis [8]. Finally, radiomic 
features relate to genomic information for further devel-
opment of radiogenomics. In a recent study, radiomic 
features derived from conventional MRI sequences were 
able to distinguish TP53, PTEN, and EGFR mutated genes 
from wild-type glioblastomas [9].

Radiomic analysis should determine the course of the 
treatment. Thus, radiomics can relate the phenotype ob-
tained from radiological images based on which personal-
ized therapy is determined as shown in Figure 4.

Conclusion

Radiomics and radiogenomics is a new branch of medicine 
that is still in development. It is based on the collection of 
various data and the correlation of known data with those 
that have yet to be analyzed. It is used for predictive 
models to assess the course and duration of the disease, 
personalized treatment choices, and as assisted diag-
nostics. This field of medicine will help medical doctors 
in their daily work and patients to get the best possible 
therapy and better outcome in recovery. An individualized 
approach will significantly shorten the time of diagnosis 
and implementation of therapy.
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Figure 4: Personalized medicine. Personalized medicine can determine the best possible therapy for an individual. 
Some of these therapies are immunotherapy, radiotherapy, targeted therapy, surgery and chemotherapy.
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