
152
Copyright © 2016 by the Academy of Sciences and Arts of Bosnia and Herzegovina.

The forthcoming era of precision medicine

Stjepan Gamulin

Essay
Acta Medica Academica 2016;45(2):152-157

DOI: 10.5644/ama2006-124.171

Introduction

Understanding of human genomes has giv-
en rise to the concept of personalized medi-
cine, in which individual data on genomics, 
proteomics and the environment are inte-
grated and applied to personal health care: 
diagnosis, prevention and treatment (1). 
Personalized medicine is widely accepted, 
but only superficially realized, mostly as 
the application of molecular (genomic, pro-
teomic) biomarkers in prevention, diagnosis 
and therapy. On the basis of prognostic and 
predictive factors, patients are divided into 
subgroups that have a greater likelihood of 
an accurate diagnosis or favorable outcome. 
The choice of treatment for breast cancer 
(chemotherapy or hormonal therapy), ac-
cording to the content of steroid receptors 
in the breast was one of the earliest such 

methods. It was introduced, in our country 
too, long before the concept of personalized 
medicine was launched (2). Until now, there 
have only been a few cases when the proper 
diagnosis was established on the basis of 
personal genomes, and appropriate and suc-
cessful treatment applied (3). There is no 
doubt that medicine has always been per-
sonalized, at least to some extent. Physicians 
approach their patients as integral personal-
ities, with inherent biological, psychological, 
mental and social characteristics and values. 
Therefore, the term “personalized medicine” 
is increasingly being replaced by the term 
“precision medicine”.

The aim of this essay is to present a defi-
nition and the principles of personalized or 
precision medicine, its perspectives and the 
ways it may be implemented in health care.
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The aim of this essay is to present the definition and principles of per-
sonalized or precision medicine, the perspective and barriers to its de-
velopment and clinical application. The implementation of precision 
medicine   in health care requires the coordinated efforts of all health 
care stakeholders (the biomedical community, government, regula-
tory bodies, patients’ groups). Particularly, translational research with 
the integration of genomic and comprehensive data from all levels of 
the organism (“big data”), development of bioinformatics platforms 
enabling network analysis of disease etiopathogenesis, development 
of a legislative framework for handling personal data, and new para-
digms of medical education are necessary for successful application of 
the concept of precision medicine in health care. Conclusion. In the 
present and future era of precision medicine, the collaboration of all 
participants in health care is necessary for its realization, resulting in 
improvement of diagnosis, prevention and therapy, based on a holis-
tic, individually tailored approach.   
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Precision medicine: definition and 
implementation in health care

In the Precision Medicine Initiative Cohort 
Project, precision medicine is defined as fol-
lows:

“We define precision medicine as an ap-
proach to disease treatment and prevention 
that seeks to maximize effectiveness by taking 
into account individual variability in genes, 
environment, and lifestyle. Precision medi-
cine endeavors to redefine our understanding 
of disease onset and progression, treatment 
response, and health outcomes through the 
more precise measurement of potential con-
tributors – for example, molecular measure-
ments as captured through DNA sequencing 
technologies or environmental exposures, or 
other information captured through increas-
ingly ubiquitous mobile devices. A precise de-
lineation of the molecular, environmental, be-
havioral, and other factors that contribute to 
health and disease will lead to more accurate 
diagnoses, more rational disease prevention 
strategies, better treatment selection, and the 
development of novel therapies “(4).

The adage “easy to write, difficult to im-
plement” best describes the current circum-
stances regarding the realization of the con-
cept of personalized or precision medicine; 
there are countless obstacles on its path (5). 
Overcoming them requires, amongst other 
things,  the development of personal genom-
ics, translational research that will transfer 
basic knowledge to clinical applications, a 
new taxonomy of disease, based on molecu-
lar disorders, auditing of clinical trials with 
the subsets of patients selected according to 
new prognostic and predictive factors, the 
creation of genomics, proteomics and tissue 
biobanks, collecting comprehensive  uni-
form clinical data (“big data”) and the devel-
opment of bioinformatics systems that will 
integrate clinical data with the comprehen-
sive knowledge of the pathogenic factors (6, 
7) and build a functional network  of disease 
etiopathogenesis at the population and indi-
vidual levels. Also, the legal basis of the use 
of individual data should be added, which 
will be required for the realization of the 
concept of precision medicine (8). All these 

Figure 1 The major tasks of health care stakeholders involved in the progress of precision medicine. 
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present a major challenge to all health care 
stakeholders (Figure 1) (9).

In the world, particularly in the United 
Kingdom and the United States, encouraged 
by parliaments and governments, great ex-
ploratory, financial and organizational ef-
forts are being made to realize the concept 
of personalized or precision medicine. In 
the United Kingdom, in 2009 the House 
of Lords conducted an investigation on 
the state of the application of genomics in 
medicine, and in 2012 there followed an ac-
tion plan on the application of genomics in 
health care (10).

In the United States, in 2008 the Presi-
dent’s council of advisors on science and 
technology submitted to President Bush 
a report on the priorities of personalized 
medicine (11). The personalized medicine 
acts which followed in 2008 and 2010 had 
the aim of personalizing medicine in health 
care, so that it would be available to ev-
ery American. The acts determined an ac-
tion program, program management, the 
role of government agencies and financing 
(about 50,000,000 $ per year) (12). President 
Obama, in his address to the nation in Janu-
ary 2015, announced the precision medicine 
initiative with a fund of 215 million $ in 
2016, with the aim to “pioneer a new model 
of patient-powered research that promises to 
accelerate biomedical discoveries and pro-
vide clinicians with new tools, knowledge, 
and therapies to select which treatments will 
work best for which patients”(13). In Septem-
ber 2015 the cohort structure program was 
published, comprising a million or more 
patients, and to be followed for 10 or more 
years (Precision Medicine Initiative Cohort 
Project, PMI-CP). “PMI-CP will be powered 
to identify biomarkers that are predictive of 
future development of a large number of dis-
eases, affording new opportunity for disease 
prevention and therapy, as well as to provide 
new understanding of the factors that predict 
variation in response to current therapies for 

prevalent disease. Moreover, a design that al-
lows participants to be recontacted for further 
study based on individual findings provides 
an invaluable opportunity to understand bio-
logical mechanisms that link biomarkers to 
traits in individuals “(4).

 Genomics stands as the foundation of 
personalized or precision medicine (14). 
DNA sequencing technology is developing 
rapidly; the price of sequencing is rapidly 
decreasing and the speed increasing (15). 
This enables the implementation of the 
personal genome project in which a global 
network is planned of institutions providing  
genome sequencing of 100,000 people, with  
the collection of the detailed demographic 
and health data necessary for research of 
genotype - phenotype relationships (16). 

The huge amount of very diverse data 
from all hierarchical levels of the organiza-
tion of the organism (molecular, subcellu-
lar, cellular, humoral, organic, organismic), 
functional totalities (genome, trascriptome, 
proteome, metabolome, microbiome, phe-
nome and other “omics”), and the mental, 
spiritual, social, environmental domains 
should be united at population and individ-
ual levels in systems that will explain disease 
etiopathogenesis in general and individually, 
allowing an individual approach to each per-
son in all aspects of health care. For such an 
analysis it is necessary to develop bioinfor-
matics systems by applying systems of medi-
cine that build a functional networks. They 
will explain in detail the interaction between 
these factors in integrative ways, combining 
the functional networks of different organi-
zational levels in a complete, functional sys-
tem (17). The enormous number of factors, 
links and nodes of these networks make it 
difficult to understand them without bioin-
formatics support. However, it is sufficient 
to identify essential nodes (about 20%) to 
define the function network (18). The inter-
actions of important nodes can be displayed 
in a simplified network which summarizes 
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the detailed basic network allowing an over-
view of disease etiopathogenesis. Analyzing 
the disease etiopathogenes on this way, it 
is important to recognize the pathogenetic 
processes on the subsequent levels of or-
ganization of the organism, and integrate 
them vertically (along hierarchical levels) 
and horizontally  (within the levels) (Figure 
2) (19, 20). 

The vertical analysis of disease pathogen-
esis integrates the basic genomic level with 
all subsequent levels and “omics”, enabling 
interpretation of the influence of genomics 
on pathogenesis, and its application in clini-
cal medicine. 

Precision medicine: its impact on 
medical education

In order to be able to understand personal-
ized or precision medicine, and accept and 
apply it, new paradigms in medical educa-
tion (undergraduate, postgraduate, con-
tinuous) are required. Problem-solving 
education, including network analysis is 
appropriate for the complexity of the sub-
ject. Such an educational method has been 
developed at the School of Medical of the 
University of Zagreb, for problem-solving 
teaching of pathophysiology (21-23). Ex-
ercises are based on data presentation and 

Figure 2 Vertical analysis of cystic fibrosis pathogenesis, for details see (20).
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their algorithmic analysis in terms of etio-
pathogenetic mechanisms, leading to mani-
festation of signs and symptoms. In this way 
students gain competence in vertical analy-
sis, enabling them to understand the disease 
mechanisms, from the basic molecular level 
to the whole body level, expressing disease 
manifestations. Appropriate adjusted algo-
rithmic analysis also enables analysis of the 
individual variability of personal character-
istics, causal factors, therapeutic procedures 
and consequent outcomes, providing the 
path to understanding personalized or pre-
cision medicine. 

Conclusion 

Realization of the concept of personalized or 
precision medicine requires the coordinated 
effort of all health care stakeholders. Among 
other things, it requires translational re-
search, with integration of personal as well 
as population genomics and comprehensive 
data from all organization levels of the or-
ganism (“big data”), the development of an 
appropriate bioinformatics platform, en-
abling the building of functional networks 
of the detailed etiopathogenesis of the dis-
ease, and the development of a legislative 
framework governing the establishment 
of  personal data databases, which would 
be used in global networks involved in the 
implementation of precision medicine.  Also 
new paradigms in medical education are re-
quired, enabling students to understand, 
accept and apply an integrative approach 
to health care, in accordance with precision 
medicine. 
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