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Merging medical imaging with molecular genetics, or simply radiogenomics, is an
emerging field which tries to correlate radiologic presentation of disease with its molecu-

lar characteristics (mutations and other genetic alterations). This correlation can lead to
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the identification of imaging biomarkers for diagnosis, prognosis and treatment response
which can be used in every day clinical practice.
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Introduction

The genomic revolution has transformed our knowledge in
both understanding disease mechanism and in the therapeutic
strategies that are planned and followed [1]. During the last
decades, therapeutics moved from the traditional treatment
approach “one-size-fits-all” to precision medicine which aims
to give patients a “tailor-made” therapy in order to achieve an
adequate response as well as reduce possible complications.
Precision medicine considers genetic variability between different
individuals, environmental status as well as specific disease
characteristics e.g. mutations [2]. Nowadays it is well understood
that most human diseases are of great complexity and many times
a disease’s presentation/phenotype can be governed by totally
different changes in molecular level. This biological variability
explains the reason why using traditional therapeutic approach and
treatment will only benefit a subset of the population of patients
(Responders), while the rest of patients will not respond in the
same extent (Non-responders) [2,3].

The application of contemporary molecular techniques in
cancer research (e.g. DNA microarrays or DNA sequencing) gave
rise to biomarkers that can predict patient’s response to specific
treatments (patient selection) as well as to targeted therapies
where drugs interfere and block molecules which are crucial for
tumor progression [4]. All these new therapeutic concepts require
genotyping of tissue samples. In most cases, this is performed
using many different interventional procedures. Apart from that

multi regional sampling is required in order to achieve tumor
heterogeneity, a phenomenon that could explain why even targeted
therapies in some patients are often of limited duration [5].

What it is and How it is Done

Current clinical radiology practice relies on the interpretation
of images via visual assessment, experience of individuals and only
few qualitative imaging metrics. While this traditional approach is
of great value and has served clinical practice for many decades,
there is still need for the develop-ment of new radiological methods
that would allow a more precise characterization and prediction
of diseases in order to better assess the treatment response and
prognosis toward the goal of personalized or precision medicine
[6,7]. An effort to combine all the above was done quite recently
leading to the creation of new concepts termed “radiomics”, “radio-
genomics” and “imaging genomics”. Radiogenomics refers to the
try of finding possible correlations between specific molecular
characteristics of tumors (mutations or genetic alterations) and the
radiologic presentation that these malignancies have in a variety
of classic radiology methods (CT, MRI etc) [7]. In this way imaging
biomarkers for specific genomic subtypes of tumors are being
tested and screened as part of an effort to develop non-invasive
genotyping methods.

The first step in the process is acquiring high quality images
using typical radiological practices. This is done in everyday clinical
actice and it is used for planning and diagnostic purposes. Using
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these images, the macroscopic definition of the tumor is done either
in an automated way (using computational algorithms etc) or by an
experience’s physician (usually radiologist or radiology oncologist).
Next step is the extraction of specific quantitative characteristics
of the tumor: interaction and infiltration of tumor in surrounding
areas and tissues, texture heterogeneity, different regions with
different intensity levels, various factors describing size and shape
etc. From these extracted data and features the most informative
ones are selected (based on reproducibility, prominence and
independence from other traits) and used to define if there are
possible correlation between these traits and genomic features of
tumor, clinical outcome and response to specific therapies [8].

Limitations

There are various challenges that radiogenomics must face
and overcome. In fact, every step of the procedure has different
limitations that all must be considered and overcome in order to
increase the positive out-come of such an approach. One of the
most important limitations that Radiogenomics face is the limited
amount of data. That is because it is a novel field that requires
time and effort from many different institutions in order to
enrich available data and find hidden correlations that await to be
elucidated. Another limitation is that multiple imaging acquisition
is costly and time consuming. In order to overcome this, images are
limited to the standard of care images taken in everyday clinical
practice. The expectation is that eventually big data sets will be
achieved, and this will have a more significant clinical impact [9].

Furthermore, different institutions use different parameters in
imaging protocols (image resolution, washout period when using
PET, patients’ position) or even different algorithms and software in
the reconstruction of images. Another difficulty is trying to identify
and linking a large number of image data examples to similar
clinical parameter such as disease stage [9]. Also, the manual
segmentation of the tumor is though as ground truth. In fact, this
step has high inter-reader variability and requires a serious amount
of time when examining large data sets. For the radioge-nomics to
have an important role in the future clinical practice large numbers
of data sets are required. Overall the above makes it quite clear that
a stand-ardized and automated method of tumor segmentation
with minimal operator interaction and action is required.

Advantages Against Typical Genotyping

One could say that biopsy based genotyping has a clear benefit
against radiogenomics. This should not be considered true as in
classical genotyping samples from specific regions are used. The
approach has changed, and multi-regional samples are now used
in order to define tumour heterogeneity, but it remains an invasive
practice that holds dangers. On the other hand, using imaging
biomarkers via radiogenomics could allow similar results in a non-
invasive way. Another advantage of radiogenomics is repetition.
Imaging methods can be performed more than once and improve
results while on the other hand most of the invasive methods have
limitations about the total number of times allowed or the time
intervals between two consecutive tries. Thirdly radiogenomics is

cost effective allowing data being extract-ed from routine clinical
imaging and being used in favour of the patient [10].

As radio genomics is a new field available data from studies in
the literature is quite limited. Nevertheless, there is an increasing
number of publications where science groups are trying to use
radiogenomic methods to prove an existing correlation between
the molecular characteristics of specific tumors and the radiologic
image these tumor present. Most studies are using data from
Glioblastoma, breast cancer and lung cancer [11-13].

Conclusion

Merging imaging with molecular genetics, can lead to a new,
rapid and reliable tool in every day clinical practice for both
diagnosis and prognosis. For this purpose, more research is needed
to be done, in order to confirm correlation between imaging and
gene expression profiling.
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