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  Ambitious efforts to characterize disease have been made worldwide, mainly in cancer, with initiatives such as 
the Cancer Genome Atlas. Many of these cost-intensive studies use cutting-edge technologies to delve deeply 
into the intrinsic genomic, transcriptomic, proteomic, metabolomic, etc, (i.e., omics) type of data to better ex-
plain the phenotype. But while more data is being stored, the complexity of cancer seems to challenge even 
more our ability to understand its nature and thus to uncover useful bio-physiological information. We strong-
ly believe that data analytics, as well as our understanding of ‘normal’ cases, are still in their infancy, open-
ing great opportunities in translational cancer research to pursue precision medicine through Big Omics Data 
analytics.
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Background

Precision medicine aims at the assignment of the most ap-
propriate therapy for a particular patient. This notion entails 
a fundamental concept: the precise identification of the “pa-
tient-therapy” or “patient-evolution” pairs. In order to real-
ize this concept, it is necessary, on the one hand, to have as 
much detailed knowledge as possible of the characteristics of 
the patients, how the disease manifests itself, and its molec-
ular basis, while on the other hand, it is necessary to have an-
alytical methods available to evaluate or compare one cohort 
with another, as well as algorithms for accurate identification 
of the patient-treatment/evolution pair (i.e., diagnosis and/or 
prognosis). As a  first step, it is necessary to have data that 
allow us to obtain such a characterization by means of data-
mining algorithms, allowing the extraction of knowledge and 
the development of accurate diagnostic methods [1,2]. In this 
sense, data sciences-based bioinformatics will play a crucial 
role in addressing ‘omics’ data (e.g., genomic, transcriptom-
ic, proteomic, and metabolomic) and clinical data all together, 
processing and analyzing the different sources and types of 
data to transform them into useful knowledge [3]. In the fu-
ture, precision medicine will integrate molecular and pheno-
type (clinical) data from diseases through data sciences-based 
bioinformatics, to massively evaluate, characterize, and vali-
date multiple molecules with clinical linkage, which were pre-
viously impossible to study with classical methods of genet-
ics and conventional molecular biology.

The human body has now become a big data source in which 
different bioanalytical technologies, including biosensors and 
their associated algorithms [4,5], are measuring phenome-
na from molecules to biosignals and images, which are fill-
ing up data repositories worldwide, like the National Center 
for Biotechnology Information (NCBI) and the European 
Bioinformatics Institute (EMBL-EBI). For instance, the Gene 
Expression Omnibus (GEO) [6] has more than two million bi-
ological samples of different types. However, the main draw-
back is that different data sources do not share their origin 
(i.e., the subject). In order to fill this gap, the Cancer Genome 
Atlas (TCGA) [7] uses many different biosensing techniques 
to measure a broad spectrum of the underlying biology for 
the same subset of patients, providing omics data at the ge-
nomic, transcriptomic, and proteomic levels, as well as clini-
cal information, in an unprecedented manner. The availabili-
ty of such an amount and diversity of data is challenging our 
current portfolio of bioinformatic methods, which are still in 
their infancy, to deal with it in a more integrative manner. In 
this regard, the human body prevails in the maintenance of 

internal homeostasis thanks to the synergy of all of its or-
gans and molecules. Thus, diseases also need to be compre-
hensively approached. For this reason, the development of 
bioinformatic methods that can efficiently deal with all dif-
ferent data types simultaneously becomes crucial, allowing 
us to query them in an integrative manner and providing a 
comprehensive summary of the underlying phenomena, pri-
marily to facilitate the interpretation by the researcher, but 
also to provide diagnostic support as a bedside tool for the 
physician in clinical practice. For this ultimate goal, we will 
need to include data from different populations, including 
those still missing from the TCGA project, like Latin American 
populations [8]. In this regard, it is known that certain muta-
tions are specific to certain regions or even areas within re-
gions and, thus, comprehensive knowledge of the subject’s 
background, including cultural factors (e.g., dietary and envi-
ronmental), which may in turn influence epigenetic factors, 
becomes important for accurate (and hence, cost-effective) di-
agnostic targeting [9–13]. For this reason, the Latin American 
Cancer Research Network is currently attempting to char-
acterize Latin American breast cancer cohorts [14], and the 
International Cancer Genome Consortia [15] is including sev-
eral different worldwide cohorts.

Discussion

Despite all these efforts to include and integrate cohorts from 
various geographical and cultural backgrounds, the genotypi-
cally/phenotypically ‘normal’ subject or tissue is currently not 
fully characterized. This endeavor is not simple, especially if 
we understand this type of normality differently from the more 
rigid connotation based on Johannsen’s original definition of 
genotype and phenotype [16]. After all, which interacting fac-
tors or synergies make a genotypically normal cohort belong 
to a phenotypically normal group? In the answer resides the 
key for successful precision medicine.

Conclusions

In summary, to develop an efficient precision medicine, we will 
need to effectively determine both our normal and diseased 
molecular background. This, in turn, will enable us to achieve 
a better characterization of the disease by integrating several 
data levels from different synergistic sources (e.g., genomics, 
proteomics, metabolomics, phenotypic, and even cultural and 
social) and to develop new bioinformatic methods and tools to 
relate them and integrate them comprehensively.
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