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Toward the integration of personalized and systems

medicine: challenges, opportunities and approaches

“The integration of personalized and systems medicine offers the prospect of the
development of a better medicine that provides optimal therapies with high
efficacy and low adverse drug reactions.”
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Challenges & new concepts
in biomedicine
In this era of change, biomedicine is heading
toward a revolutionary new path. This path is a
transformation from reductionism toward a holis-
tic paradigm, from ‘one-size-fits-all’ therapeutics
towards personalized medicine. Such changes are
necessary to meet the challenges in healthcare
and the pharmaceutical industry, for example,
the high costs in healthcare, low efficacy of drugs
and increased incidents of adverse drug reactions
(ADRs). ADRs are one of the leading causes of
death and illness in the USA [1]. Alcthough the
research and development costs in the pharma-
ceutical industry are soaring, high-profile drug
withdrawals are elevating, while the US FDA’s
approval for new drugs is decreasing [2]. At the
same time, the gap between biomedical science
and clinical practice has made it hard to translate
scientific advancements into improved healthcare.
These challenges and difficulties are calling
for the development of new strategies, new con-
cepts, or even a new kind of medicine to meet
these goals:

Providing individualized optimal therapy
with high efficacy and low ADRs;

Treatment of the whole system with a focus
on prevention of disease;

Promotion of the mind—body health and well-
ness in the physical, mental, social and
environmental dimensions [3].

Such ‘new medicine’ will come from the inte-
gration of personalized and systems medicine.
Ideally, the new medicine will bring the right
prevention methods or therapeutics to the right
person or patient with the right dosages at the
right time.

10.2217/PME.10.77 © 2011 Future Medicine Ltd

phenotypes = systems biology = translational bioinformatics

Personalized medicine:
from disease-centered to
human-centered medicine
Personalized medicine deals with individual
diversities and the complexity of the human
body. Current healthcare models are disease-
oriented and focus on pathogens and environ-
mental or external factors [4]. Personalized
medicine would enable the change from such
disease-centered medicine to human-centered
medicine. Pharmacogenomics arose in response
to such recognition. Pharmacogenomics studies
genetic variations among individuals to predict
disease susceptibility and responses to thera-
peutic agents [5.6]. The investigation of genetic
diversity may enable the identification of optimal
drug targets for certain patient populations, and
empower physicians to make the right decisions.
By focusing on patients’ genetic or biomarker
profiles, pharmacogenomics represents the evolu-
tion from treating the disease itself to treating the
malfunction of an individual person, the ‘root’
of the disease [7]. With such practices, patients
can be regrouped and drugs can be recategorized.
For instance, similar diseases may require dif-
ferent treatments, while different diseases may
be treated with the same or similar approaches.
Because of the diversity of patients’ bio-
logical backgrounds, the same disease may be
caused by genetic variation in different people,
who will respond differently to the same drug.
For example, polymorphisms in the ABCBI
gene contribute to cancer risk and different
therapeutic responses [8]. Patients with certain
genotypes, such as 1236C/C, showed poorer
survival than patients with other genotypes.
Such situations require individualized treat-
ments for the same disease (cancer) to ensure
the best possible results. On the other hand,
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patients with the same or similar biomarker
profiles but with different diseases, may be
grouped together to accept the same or similar
therapeutics. For example, inflammation is a
multiscale process associated with many dis-
eases from cardiovascular disease to cancer [9].
The same genetic factors involved in inflam-
mation, such as peroxisome proliferator acti-
vated receptor y (PPARYy), can serve as potent
drug targets for different diseases, including
diabetes, allergic diseases and respiratory virus
infections [10,11].

“This new medicine would be human-centric
with the focus on prevention and the
promotion of holistic health in the physical,
mental and environmental dimensions.”

Such an approach of regrouping of patients
and recategorization of drugs based on patients’
biomarker profiles (but not diseases) would
have many benefits. It may help reduce the
adverse events and improve the therapeutic
efficacy when the drugs can match the patients
seamlessly. In addition, the application range
of existing drugs may be broadened to more
diseases, and drug combination therapies can
be used, which would actually save money for
the healthcare industry. More importantly, this
approach would bring hope for the transforma-
tion from disease treatment to prevention. The
biomarker profiling of patients may allow for
the prediction of disease predispositions and
prognosis. Such a type of prediction would ena-
ble the prevention of the diseases and block the
disease development path for early-stage cures.
This is how pharmacogenomics will contrib-
ute to preventive medicine and help solve the
problems of high costs, low efficacy and high
ADRs in healthcare.

Integration with systems

medicine: understanding
multidimensional interactions

While pharmacogenomics helps elucidate the
association between patient genetic diversity
and phenotypic responses, such studies should
not be limited to single biomarker genes or
SNPs [12]. This is because genes interact with
each other, as well as with other molecules
such as drugs and the environment. Using
computational methods, systems biology may
help us simulate large networks of interacting
components, identify associations and pat-
terns, and create predictive models [13]. Systems
medicine, the practice of systems biology, needs
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to be integrated into the drug-development
processes to solve the key issues in pharma-
cogenomics. These key issues include the
structure—function relationships at various lev-
els, the genes—drugs—environment interactions
and the association of genotypes to disease and
drug-response phenotypes [13].

These key issues are correlated with each
other at the molecular, cellular, tissue/organ,
system and environmental levels. Specifically,
altered genetic structures may cause mal-
functions at the molecular level and affect
the downstream pathways and interactions
among different components at the cellular
level 13]. These alterations may lead to tissue
or organ disorders that are manifested as dis-
ease phenotypes and symptoms of the whole
body. Furthermore, altered genetic structures
and functions may affect the gene—drug inter-
actions and drug-response phenotypes. On the
other hand, interactions among systems, drugs
and the environment at higher levels may have
an impact on genetic structures and functions
at the molecular level, which would, in turn,
change downstream pathways and phenotypes,
forming a feedback loop. The understanding of
such an interwoven network may be the ulti-
mate key to accurately identifying drug targets
and to preventing adverse reactions.

“..the application of pharmacogenomics and
systems biology will bring new concepts and
methods into medicine, such as the
regrouping of patients and recategorization
of drugs based on pattern identifications and
systemic biomarker profiles.”

Among these issues, the genotype—pheno-
type correlation connects the information at
different dimensions from the molecular level to
the whole organism. This correlation represents
the core value of systems biology, demonstrat-
ing that the behavior of a whole system does not
merely come from its separated building blocks,
but through the complex interrelationships and
interactions between them [12]. A good example
of this is inflammation, one of the best models
for applying the translational systems biology
framework [9,14]. For instance, complex NF-kB
and p38 signaling pathways are involved in
various phenotypes of inflammation, cancer
and microbial infections [14]. The exploration
of systemic interactions and feedbacks rather
than single molecules is needed to under-
stand the inflammatory processes and relevant
disease phenotypes.

fsg

future science group



Toward the integration of personalized & systems medicine

Systems medicine would also contribute to the
understanding of the mind-body relationships
for achieving the ultimate goal of wellness in the
physiological and mental dimensions. Emerging
multidisciplinary areas such as psychoneuro-
immunology (PNI) may benefit greatly from sys-
tems biology approaches. PNI studies the corre-
lations and interactions among the psychological
processes, the nervous system, the immune sys-
tem and the endocrine system [15]. For exam-
ple, the cytokine network plays a central role
in PNI [16,17). The brain cytokines, including
IL-1B and IL-6, are involved in food intake,
fever, sickness and anxiety-like behaviors [18,19].
Systems biology approaches can help construct
computational models of such highly intercor-
related and multivariate networks in mind—body
connections [17].

Tools for the practice:
biomarkers, technologies &
translational bioinformatics
An important component in the accurate prac-
tice of personalized and systems medicine is sys-
temic biomarker identification, which is crucial
for quantified diagnosis and prognosis, treat-
ment selection and the profiling and grouping
of patients. Biomarkers are objectively measured
indicators of biologic states such as diseases and
drug responses [12]. They can be analyzed in vari-
ous functional pathways at different systems lev-
els, including genetic markers at the molecular
level, and imaging and physiological indicators at
the system level [12]. Multiple biomarkers need to
be combined in a comprehensive profile that sum-
marizes the diagnostic and drug-response pat-
terns which can then be used to identify patient
subgroups and establish predictive models. For
example, predictive and prognostic biomarkers
for different subsets of patients have been used
for outcome prediction and assessment in dis-
eases including cancer, cardiovascular diseases,
respiratory diseases and neurological diseases [12].
Advanced technologies and tools are crucial
for such comprehensive biomarker identifications.
High-throughput technologies enable the meas-
urement and cataloging of genes, proteins, inter-
actions and behaviors in various conditions [12].
For instance, protein microarrays have been used
extensively for pathways and pharmacoproteom-
ics studies [20]. These methods allow genome-
wide association studies to identify biomarkers
for diagnosis and outcome assessments [14]. For
example, genome-wide association studies have
identified distinct cancer susceptibility loci
among different ethnic groups 21].
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One of the most significant obstacles in current
medical practice is the translation of scientific dis-
coveries into better therapeutic outcomes. A criti-
cal factor in this process is the accessibility and
analysis of integrated data within and across func-
tional domains [12]. Translational bioinformatics
is a powerful method to bridge this gap from the
biomedical side to the informatics side [12]. On
the biomedical side, translational bioinformatics
would enable the simulation of networks of inter-
acting components, the identification of patterns
and patient subgroups from biomarker profiles
and the establishment of predictive models. For
example, a bioinformatics tool was used to cor-
relate biomarkers including HER2 and estrogen
receptor with survival outcomes in breast can-
cer patients [22]. The tool identified two distinct
subpopulations of tumors with different levels
of expressers. Moreover, on the informatics side,
methods based on data integration, data mining
and knowledge representation can promote data
sharing across domains and provide decision sup-
port for both researchers and clinicians [12]. For
example, the integration of information from
multiple layers of biological regulation from mul-
tiple genome-wide data sources has been found
to improve the prediction of cancer outcome [23].

Conclusion & future perspective

Although biomedicine is facing many obstacles
and difficulties, appropriate solutions can trans-
form the challenges into opportunities. The inte-
gration of personalized and systems medicine
offers the prospect of the development of a better
medicine that provides optimal therapies with
high efficacy and low ADRs. This new medicine
would be human-centric with the focus on pre-
vention and the promotion of holistic health in
the physical, mental and environmental dimen-
sions. Specifically, the application of pharmaco-
genomics and systems biology will bring new
concepts and methods into medicine, such as
the regrouping of patients and recategorization
of drugs based on pattern identifications and
systemic biomarker profiles. These approaches
would enable the construction of predictive mod-
els for the understanding of structure—function
relationships, genotype—phenotype associations
and interactions and networks at the molecular,
cellular, system and environmental levels [13].
These practices would also improve our under-
standing of the mind-body relationships toward
achieving the ultimate goal of personalized well-
ness. Tools such as high-throughput technologies
and translational bioinformatics would serve as
the technologies to bring us to this bright future.
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