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Introduction

Personalized medicine is the concept of tailoring a personal-
ized treatment for each individual or group of individuals based 
primarily on their genomic composition as well as environmental 
and demographic factors [1]. While most researchers and scientists 
use the terms personalized medicine and precision medicine inter-
changeably, some argue that they are not the same. “Personalized” 
is the older term and “precision” is the newer and more accurate 
term to describe the concept according to the National Research 
Council. Personalized healthcare may appear to be a relatively new 
and revolutionary concept. However, personalization has been ap-
plied and acknowledged in the field of medicine long before the 
success of the Human Genome Project [2]. Personalized and/or 
precision medicine has gained widespread attention and aware-
ness from the public soon after the completion of the Human Ge-
nome Project in 2003. 

Since initial sequencing and human genome analysis was ac-
complished, a huge effort has been put into medical research fo-
cused on associating genomic variations with individual pheno-
types [3]. There have been numerous breakthroughs in the field of 
precision oncology over the past few years for the most part due 
to genetic biomarkers, which are certain genes that may affect a 
person’s response to therapy and their prognosis [4]. A true appli-
cation was the women are now screening for the single nucleotide 
polymorphisms (SNPs) in the BRCA1 and/or BRCA2 gene which if  

 
found significantly increase the risk of breast cancer and ovarian 
cancer. The early detection of such biomarkers allows the women 
to administer preventive chemotherapy or consider a prophylactic 
operation [5]. 

Genetic polymorphisms and mutations in drug metabolizing 
enzymes, transporters, receptors, and other drug targets are linked 
to inter-individual differences in the efficacy and toxicity of medica-
tions as well as genetic disease risk factors. The highest impact on 
personalized medicine is often seen for drugs with a narrow ther-
apeutic index, with important examples emerging from treatment 
with antidepressants, oral anticoagulants, and chemotherapeutics, 
which are metabolized by CYP2D6/CYP2C9, VKORC1, and TPMT, re-
spectively. To apply the increasing amounts of pharmacogenomics 
knowledge to clinical practice, specific dosage recommendations 
based on genotypes will have to be developed to guide the clinician. 
Increases in efficacy and safety by the individualization of medical 
treatment may have benefits in financial terms, if information is 
presented to show that personalized medicine will be cost-effective 
in healthcare systems [6].

While the scientific community has largely accepted the utility 
of sequencing for research purposes, the use of the next-generation 
sequencing (NGS) technology in a clinical setting has yet to be fully 
addressed and applied clinically [7]. To effectively advance person-
alized medicine, it is necessary to be able to test for patients’ genet-
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ic polymorphisms and/or mutations rapidly and conveniently. New 
technologies are evolving to transform diagnostic tests and transla-
tional research into routine practice. Laboratory methods as Chip 
microarray, NGS, and organ on chip analysis have been used as pow-
erful tools in research within all collaborative field of science and 
omics analytics that would be covered extensively in this review. 

Advances in Personalized Medicine

Leukemia 

Remarkable improvements in survival rates have made child-
hood acute lymphoblastic leukemia (ALL) a success story within 
pediatric oncology. Despite the progress that has been observed, 
relapses occur unpredictably, and treatment can be associated with 
acute and long-term toxicity. This has prompted efforts to better 
tailor ALL therapy in individual patients. Adaptation of personal-
ized or precision medicine in childhood leukemia takes into consid-
eration not only somatically acquired characteristics of tumor cells, 
but also inherent patient characteristics. Genome-wide association 
studies have identified inherited genetic polymorphisms that pre-
dispose to the development of leukemia, treatment response and 
outcome [8-11].

The identification of germline polymorphisms in thiopurine 
methyltransferase (TPMT), a gene encoding an enzyme responsi-
ble for the metabolism of thiopurines and impacting tolerance of 
6-mercaptopurine (6-MP), is an example of an observation that has 
had important implications for optimizing chemotherapy dosing in 
individual patients. Those harbouring mutant TPMT alleles have 
reduced TPMT function and accumulate excessive active thiopu-
rine metabolites. While these patients have been reported to have 
more favorable outcomes, they are at higher risk for developing 
myelosuppression and secondary malignancies and may be unable 
to tolerate full doses of 6-MP [12,13]. Some treatment groups have 
now recommended routine screening for TPMT activity, in order to 
tailor dosing of thiopurines accordingly [14].

Another aspect of personalizing therapy for children with ALL 
focuses on measures to prevent acute and long-term treatment-re-
lated toxicities. Hypersensitivity reactions are one of the most com-
mon side effects of asparaginase, which is a mainstay of ALL thera-
py. These reactions frequently lead to the production of neutralizing 
antibodies and have been associated with inferior outcomes [15]. 
Fernandez and colleagues have recently identified a risk for aspar-
aginase hypersensitivity reactions and antiasparaginase antibodies 
in individuals with HLA-DRB1*07:01 alleles. This study demon-
strates a strategy for a priori identification of patients predisposed 
to developing an allergic reaction to this important drug [16].

On another side glucocorticoid-induced osteonecrosis (ON) 
occurs in up to 20% of adolescent patients receiving ALL therapy 
and leads to significant morbidity [17]. While several well-defined 
clinical risk factors exist, such as age and corticosteroid exposure, 
recent efforts have also focused on identifying genomic predictors. 

Chang et al. [18] recently reported alterations in genes in the gluta-
mate receptor pathway as predictors for glucocorticoid associated 
ON in a large genome-wide association study that included 2285 
children with ALL. Nevertheless, the individualized treatment of 
Glucocorticoids is still under research and extensive precision in-
vestigation.

In the meanwhile, Adult ALL have been under research for 
personalized therapy. More sophisticated diagnostic procedures, 
including immunophenotyping, cytogenetics, molecular genetics, 
and new genomics, have allowed the definition of new ALL sub-en-
tities which, in some cases, has translated into specific therapies. A 
great achievement is the possibility of evaluating minimal residual 
disease (MRD), which can now be done in about 95% of ALL pa-
tients. MRD is the most important prognostic factor and thus a ma-
jor component of a personalized treatment algorithm [19,20]. Tar-
geted therapy in Philadelphia chromosome-positive ALL (Ph+ALL) 
with tyrosine kinase inhibitors (TKI) and immunotherapy with 
monoclonal antibodies targeting surface antigens expressed on 
leukemic blast cells have extended the armamentarium [21]. Not 
Only ALL experience Personalized Medicine but also Acute Myeloid 
Leukemia (AML). Currently, treatment decisions for the majority of 
patients with AML depend on age and cytogenetic characteristics, 
and only occasionally on the use of a limited number of molecular 
alterations at diagnosis (mutations in FLT3, NPM1, and CEBPA, and 
possibly IDH1/2 mutations) [22].

Melanoma

The advances on melanoma molecular pathogenesis have 
opened a new insight for the management of advanced melanoma 
using personalized medicine. The development of novel therapies 
that target causative genetic events and improve disease free sur-
vival and overall survival was the key of application [23]. The se-
lective BRAF kinase inhibitors (Vemurafenib and dabrafenib) are 
effective in BRAF mutant melanoma; MEK inhibitors (trametinib 
and cobimetinib) show efficacy against both BRAF- and KRAS/
NRAS-driven tumors; KIT inhibitors (imatinib, dasatinib, sunitinib 
and nilotinib) have demonstrated clinical responses in melanoma 
arising from acral, mucosal, and chronic sun-damaged cutaneous 
sites; and additionally, there are novel therapeutic monoclonal an-
tibodies targeted against immunosuppressive molecules such as 
CTLA4, PD-1 and PD-L1 [24]. Therefore, molecular diagnostics are 
increasingly performed routinely in the diagnosis and management 
of patients with melanoma. 

Breast cancer

Breast cancer is the most prevalent cancer in women. It is esti-
mated that more than 500,000 annual deaths occur worldwide due 
to breast cancer [25]. The molecular subtyping of breast cancer is 
now possible due to the advancement in genomic technologies. The 
main molecular subtypes of breast cancer are: Estrogen receptor 
positive (ER+) which is further divided into the types Luminal A 
and Luminal B, Triple-negative which is human epidermal growth 
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factor receptor 2 negative (HER2-), ER- and progesterone recep-
tor negative (Pgr-), and HER2+. The triple negative and HER2+ are 
associated with bad prognoses while ER+ subtypes generally have 
good prognosis with Luminal A being the more favorable subtype 
[26]. HER+ is has seen the highest success with targeted therapy 
in the form of monoclonal antibodies: trastuzumab, pertuzum-
ab+trastuzumab; they are used as adjuvants in addition to chemo-
therapy [27].

Circulating tumor cells (CTCs) are a valuable biomarker in 
breast cancer patients. The monitoring and evaluation of the ge-
nomic changes in CTCs through whole genome sequencing (WGS) 
is helpful in the determination of the appropriate therapeutic in-
tervention [28]. Another genomic biomarker of importance is the 
microRNA: a non-coding RNA that regulates gene expression. It was 
revealed that microRNA can trigger the release of chemotherapeu-
tic agents from nanoparticles and into the cells [29]. Controlling 
the release time of the chemotherapeutic may reduce chemother-
apy-induced side effects.

Lung cancer

Lung cancer is the leading cause of cancer-related death. It is 
estimated that lung cancer kills more than 1 million people every 
year. There are different subtypes of lung cancer. The first is Non-
Small Cell Lung Carcinoma (NSCLC) which is further divided into 
the two subtypes Adenocarcinoma (ADC) and Squamous Cell Car-
cinoma (SCC). The second subtype is Small Cell Lung Carcinoma 
(SCLC). NSCLC cases constitute an estimate of 85% of lung cancer 
cases globally [30]. Thanks to DNA whole exome sequencing (WES), 
a full catalogue of somatically acquired mutations in lung cancer is 
available. However, targeted therapy still remains a challenge since 
lung tumors exhibit intra-tumor heterogeneity [31].

The majority of lung cancer cases, mainly in ADC, have EGFR 
mutations and EML4-ALK fusion gene. There is a large population 
of lung cancer patients of the NSCLC subtype that have the ALK fu-
sion gene. It has been a target for ALK inhibitors such as crizotinib 
which has proven successful especially in ADC cases where it has 
a response rate equal to 57%-74% and it caused fewer adverse ef-
fects in comparison with traditional chemotherapy [32]. Crizotinib 
has had massive success in NSCLC patients with ROS1 rearrange-
ments as well with a response rate to be close to 80% [33].

Prostate cancer

Prostate cancer (CaP), indolent or aggressive, is the most com-
mon malignancy in men worldwide. Indolent cases, which are local-
ized and slow-progressing are more common than aggressive ones 
that tend to be resistant to radiotherapy (RT) and prone to metas-
tasis [34]. One of the earliest diagnostic biomarkers is Prostate 
Specific Antigen (PSA) that present in higher amounts than usual 
in cases of malignancy. Mutated Androgen Receptor (AR) has a pro-
nounced link with prostate cancer incidence. Traditional therapies 
include surgical or pharmacological androgen deprivation therapy 
(ADT). Moreover, inhibition of AR signalling by the targeting of the 

CYP17 enzyme such as: enzalutamide, abiraterone, apalutamide 
has been effective [35]. AR mutations and gene amplification are 
also common in castration resistant prostate cancer (CRPC): an ag-
gressive form in which cells develop ADT resistance

by hyper-activating androgen signalling [36].

Colorectal cancer

Advances in the treatment of colorectal cancer have led to an 
improvement in survival from 12 months with fluorouracil mono-
therapy to approximately 2 years. However, there are significant 
molecular differences between tumors which can affect both prog-
nosis and response to treatment. Personalized medicine aims to 
tailor treatment according to the characteristics of the individual 
patient, specifically for early metastatic prognosis and biomarker 
precision application to personalized treatments. The first true use 
of personalized medicine in mCRC was the clinical testing of KRAS 
mutations (which occur in approximately 45-50% of patients with 
CRC) [37]. Subsequently the anti-EGFR treatment is given only to 
patients who are KRAS wild type. However, not all patients who are 
KRAS wild type respond to anti-EGFR therapy and therefore there 
has been substantial research into other potential predictive bio-
markers for future precision application [38].

After KRAS mutations, BRAF V600E mutations currently have 
the strongest evidence to support their use as a predictive bio-
marker for EGFR-targeted mAb activity [39]. Most but not all of the 
available evidence links BRAF V600E mutations with resistance to 
EGFR-targeted mAb therapy [40], and therefore it is still under ex-
tensive research.

Challenges in Personalized Medicine

Genomics-based personalized medicine has gained public rec-
ognition for its multiple achievements during a short time period. 
However, many obstacles hinder its practical clinical implementa-
tion. Since the realization of the HGP, the cost of genomic analysis 
has significantly decreased as has the time required to sequence an 
entire genome. This development augmented the amount of avail-
able genomic, transcriptomic, proteomic and metabolomic infor-
mation into what is known as “big data”: a term applied to datasets 
whose size or type is beyond the ability of traditional relational da-
tabases to capture, manage, and process the data. The rapid emer-
gence of big data in the field poses challenges for bioinformaticians. 
Furthermore, the use of medical big data requires the integration 
of various data classes, such as electronic health records (EHR), 
epidemiological studies, clinical trials, clinical registries, biobank 
data, multi-omics [41]. One merged, comprehensive, international 
network would bridge the gap between bioinformatics and clini-
cal practice, facilitating the successful application of personalized 
healthcare in which effective communication between clinicians 
and bioinformaticians is crucial [42]. 

The article “Seven Questions for Personalized Medicine” dis-
cussed how PM is striving to fulfill “unrealistic” expectations set by 
the public. Authors argue that PM is not inclusive as the cost of tar-
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geted therapy is afforded only by the rich in developed countries; 
given that most current personalized therapies are cost-ineffec-
tive. Another argument states that the semi-complete dependence 
on genomics for the development of targeted therapies will not 
produce reliable predictions because the genome of an individu-
al does not necessarily play a more important role in one’s health 
than one’s socioeconomic background and environment. Access to 
large omics (genomics, transcriptomics, proteomics, epigenomic, 
metagenomics, metabolomics, nutriomics, etc.) data has revolu-
tionized biology and has led to the emergence of systems biology 
for a better understanding of biological mechanisms. Tradition-
al observational epidemiology or biology alone are not sufficient 
to fully elucidate multifaceted heterogeneous disorders, and this 
directly limits all prevention and treatment pursuits for such dis-
eases [43]. It is widely recognized that multiple dimensions must 
be considered simultaneously to gain understanding of biological 
systems [44]. Therefore, there is an urgent need to bridge the gap 
between advances in high-throughput technologies and the ability 
to manage, integrate, analyze, and interpret omics data to progress 
in personalized medicine [45]. 

As medicine begins to embrace genomic tools that enable more 
precise prediction and treatment disease, which include “whole ge-
nome” interrogation of sequence variation, transcription, proteins, 
and metabolites, the fundamentals of genomic and personalized 
medicine will require the development, standardization, and in-
tegration of several important tools into health systems and clini-
cal workflows. These tools include health risk assessment, family 
health history, and clinical decision support for complex risk and 
predictive information. Together with genomic information, these 
tools will enable a paradigm shift to a comprehensive approach that 
will identify individual risks and guide clinical management and 
decision making, all of which form the basis for a more informed 
and effective approach to patient care. The ultimate challenge is the 
clinical application for improved patient care. In fact, many physi-
cians are unprepared to incorporate personal genetic testing into 
their practice and it is unclear how to best apply research results to 
improve patient care [46]. Thus, bioinformatics can have the great-
est clinical impact is in pharmacogenomics.

Bioinformatics lies as a bridge to implement parts of the clinical 
application in Personalized treatment. Bioinformatics also trans-
lates discoveries to the clinic by disseminating discoveries through 
curated, searchable databases like PharmGKB, dbGaP, PacDB and 
FDA AERS [47]. Finally, there are challenges and opportunities 
for bioinformatics to integrate with the electronic medical record 
(EMR). For example, the Bio Bank system at Vanderbilt links patient 
DNA with a deidentified EMRs to provide a rich research database 
for additional translational research in disease–gene and drug–
gene associations [48]. Ultimately, bioinformatics needs to develop 
methods that integrate the genome in the clinic and allow physi-
cians to use personalized medicine in their daily practice.

Clinical Integration in Personalized 
Medicine

The advance of precision/personalized medicine heavily re-

lies on the ability to study biological phenomena at omics levels 
although the practice of precision/personalized medicine does 
not use only omics data and knowledge. This is because molecu-
lar characteristics obtained from omics data can classify diseases 
and identify subpopulation of patients suitable to certain common 
treatment more precisely. Following this trend, many of the emerg-
ing fields of large-scale data-rich biology are designated by adding 
the suffix ‘-omics’ onto previously used terms. Specifically, pharma-
cogenomics, metabolomics, proteomics and others contribute to 
the glowing era of personalized treatment. 

Pharmacogenomics 

Pharmacogenomics is the study of how a person’s response to 
drugs is affected by his/her genetic makeup. It combines pharma-
cology (the science of drugs) and genomics (the study of genes and 
their functions) to develop effective, safe medications and doses 
that will be tailored to a person’s genetic makeup. The rapid accu-
mulation of knowledge on genome-disease and genome-drug inter-
actions has also impelled the transformation of pharmacogenetics 
into a new entity of human genetics, namely, pharmacogenomics. 
Enabled by high-throughput technologies in DNA analysis, genom-
ics introduces a further dimension to individualized predictive 
medicine. Determining an individual’s unique genetic profile in re-
spect to disease risk and drug response will have a profound impact 
on understanding the pathogenesis of disease, and it may enable 
truly personalized therapy. This concept of therapy with the right 
drug at the right dose in the right patient has emerged as an urgent 
requirement among several studies on adverse drug effects in hos-
pitalized patients [49,50]. 

Technological progress in analyzing millions of genes and in-
tergenic variants in the form of single nucleotide polymorphisms 
(SNP) and copy number variants per individual has accelerated 
our comprehension of individual differences in genetic makeup. 
Genome-wide association studies (GWAS) have successfully identi-
fied common genetic variations associated with numerous complex 
diseases. 

Pharmacometabolomics

Metabolomics is defined as “the systematic identification and 
quantification of the small molecule metabolic products (the me-
tabolome) of a biological system (cell, tissue, organ, biological fluid, 
or organism) at a specific point in time.” The discovery and appli-
cation NMR-Spectroscopy in 1940s revolutionized metabolomics 
making the detection of metabolites in biological fluids a reality 
[43]. In 2003 the first metabolic web-based database METLIN was 
created by the Scripps Research Institute in the USA. It now con-
tains millions of small molecules including exogenous drugs and 
metabolites. In 2007 the Human Metabolome Database (HMDB) 
was launched. It is an online and freely available comprehensive 
database of metabolites found in the human body.

Pharmacometabolomics studies the relationship between 
pharmaceutical agents and the metabolome [44]. Pharmacometab-
olomics aims to create a metabolic fingerprint for each patient to 
determine therapeutic outcomes in terms of efficacy, adverse drug 
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reactions and dosing. Metabolic profiles do not only differ accord-
ing to a person’s genome but also according to their environment, 
population group, lifestyle and microbiome [45]. Metabolomic 
studies are necessary for the correct implementation of personal-
ized oncology. It was found that cancer cells have different metabol-
ic requirements than normal cells [46]. Tumors alter their metab-
olism as a defense mechanism. This was shown in cancer settings 
including glycolysis [47], one carbon metabolism [48], and a multi-
metabolome project in Breast cancer therapy [49].

Pharmacoproteomics

Pharmacoproteomics, essentially a sub-discipline of function-
al pharmacogenomics, is a study of how the protein content of a 
cell or tissue changes qualitatively and quantitatively in response 
to treatment or disease, what the protein and protein-ligand inter-
actions are in related to drug response, and how a person’s protein 
variants in quality and quantity affect a person’s response to a drug. 
Protein roles are diverse, and mass spectrometry-based proteom-
ics has established sophisticated tools and instruments that can 
identify proteins and measure the changes in protein levels, post-
translational modifications (e.g., kinase signaling), localization, and 
protein-protein or drug-protein interactions.

A leading study in the pharmacoproteomic field, described 
by Ong et al. [50], utilized quantitative proteomic analysis of SI-
LAC-labeled cell lysates to identify specific protein interactions and 
targets of small molecules, including kinase inhibitors and immu-
nophilin binders. Furthermore, identification of multiple protein 
targets may lead to novel combinatorial therapies, particularly in 
cancer, similar studies are emerging in the field [51]such as activat-
ed B cell-like diffuse large B cell lymphoma (ABC DLBCL, and more 
are yet to come.

Pharmacomicrobiomics

Microbiomics is the study of the human microbiome, the com-
munity of microbes that colonize the body. The human microbiome 
is influenced by a multitude of factors such as: age, gender, diet, 
socio-economic status, environment, health status, genotype and 
drug intake. Pharmacomicrobiomics is the interdisciplinary field 
that merges pharmacology, microbiology, and genomics. It studies 
the effect a host’s microbiome has on xenobiotics’ metabolism. In 
2008 the Human Microbiome Project was launched by the National 
Institute of Health (NIH) in the USA. The project involved a compre-
hensive analysis of the human microbiome and how it affects one’s 
health and susceptibility to diseases. Analysis of the microbiome 
is usually performed using next generation sequencing (NGS) tech-
niques such as: shotgun metagenomic sequencing (SMS), 16S RNA 
sequencing, microbial whole genome sequencing (MWGS), and mi-
crobial metatranscriptomics.

A recent study showed the role of the microbiome on the re-
sponse of metastatic melanoma patients to immunotherapy tar-
geting programmed cell death protein 1 (PD-1)/ programmed cell 
death 1 ligand 1 (PD-L1). The results showed that responders had 

higher levels of bacterial genus Faecalibacterium while patients 
who did not respond well treatment had bacteria of the order Bac-
teroidales in their fecal samples [51]. These findings can be utilized 
as a basis for patient stratification when it comes to candidacy for 
immunotherapy [52]. Another study showed the chemotherapeutic 
agent gemcitabine seemed to experience high resistance by cancer 
cells when elevated levels of Escherichia coli were detected as the 
volume of tumors increased and the OS was decreased [53].

Pharmacometrics

Pharmacometrics is the application of mathematical and sta-
tistical methods to pharmacotherapy with the aim of describing or 
predicting concentrations, associated physiologic effects and clini-
cal impacts. Pharmacometrics has become progressively a key sci-
ence in the drug development process by implying the development 
of pharmacokinetic (PK) or PK/PD or PK/PD/PG models (PD, phar-
macodynamics; PG, pharmacogenomics) that provide knowledge 
about the behavior of a drug and how it can be optimally used. Ad-
ditionally, when applied pragmatically, PM can also be an efficient, 
powerful and informative science in clinical settings, when adverse 
events or hazardous efficacy render individual dose adjustments 
necessary. In this chapter, the readers will find practical informa-
tion about different approaches (population pharmacokinetics, 
Bayesian data analysis, etc.) usually used in PM, and examples of 
effective applications in clinical routine activity [54]. Integration of 
the modelling basis of Pharmacometrics could serve along with big 
data a major shift in precision medicine toward direct application.

Epidemiology in Personalized Medicine

Epidemiology is “the study of the distribution and determi-
nants of health-related states or events in specified populations, 
and the application of this study to the control of health problems” 
according to the Centre for Disease Control. Nowadays, medicine 
is moving towards an evidence-based approach made possible by 
epidemiological studies which facilitate the identification of trends, 
patterns and emerging public health issues, and help us evaluate 
the outcome of different interventions [55].

One of the main focuses of epidemiology is how does one’s so-
cioeconomic status (SES) affects their health. It was found that high 
SES is linked to better health in both curable and incurable diseas-
es. In multiple cancers, low SES is associated with late stage diagno-
sis and resultant poor prognosis. Another important epidemiolog-
ical interest is race/ethnicity as a social determinant of health. For 
instance, studies reveal that minority racial groups in the USA are 
more likely to be diagnosed with late stage cancers and less likely to 
receive/continue treatment which significantly decreased their OS. 
This suggests that the key to reducing health disparities is popula-
tion-based interventions. These kinds of interventions may seem to 
oppose the idea of personalized healthcare. However, PM strives to 
stratify patients into populations based on their environment, SES, 
lifestyle, and phenotype. Epidemiological studies are a fundamen-
tal basis for population-based interventions since they supply the 
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data needed for patient classification into subpopulations. While 
genomics has revolutionized PM, they alone cannot be the answer. 
Full reliance on genomic studies arguably increases health dispari-
ties and perpetuate misconceptions about race [56]. 

Population based interventions are the answer to bridging the 
gap between the rich and poor and promoting health equity be-
tween races and ethnicities. They have also proven their success 
in disease prevention. And it could not have happened without the 
data obtained through extensive epidemiological studies. With that 
said, we come to the conclusion that epidemiology is essential for 
implementation of curative and preventive personalized medicine 
[42].

There are increasing number of huge cohort studies and co-
hort consortiums with long term follow-up. Many cohorts provide 
unique opportunities to address the effect of various demographic, 
lifestyle, genomic, molecular, clinical, as well as psychosocial factors 
on cancer outcomes. For example, the Prostate, Lung, Colorectal and 
Ovarian (PLCO) Cancer Screening Trial is a large population based 
randomized trial with extensive follow-up. By collecting biologic 
materials and risk factor information from trial participants before 
the diagnosis of disease, an ongoing PLCO component, the Etiology 
and Early Marker Studies (EEMS) is being added. Efforts can be un-
dertaken to link the epidemiologic data with electronic medical and 
health records to further address the patient’s outcomes.

Pharmaco-genetic-epidemiology studies can be nested on these 
life span cohorts. Recent advances in genomic research have demon-
strated a substantial role for genomic factors in predicting response 
to cancer therapies. Translational cancer research is interdisciplin-
ary and trans-disciplinary by nature. Numerous suggestions and 
recommendations have been making for multidisciplinary collab-
orations and partnerships to identify and fill the knowledge gaps. 
Much less attention has been paid to how to prepare the scientists 
for trans-disciplinary research. In fact, multidisciplinary training 
is a prerequisite for the next generation researchers who want to 
be fully capable to conduct translational cancer research. The next 
generation epidemiologists (NGEs) may have to obtain comprehen-
sive knowledge of cancer epidemiology, molecular/genetic biology, 
statistics, and oncology or pathology [56]. Thus, NGE multi-disci-
plinary expertise is required. Nonetheless, knowledge integration 
is the key to clinical application of personalized medicine. 

Conclusion 

Precision medicine, characterized by genomic breakthroughs, 
has had a great impact on public health particularly in the last de-
cade. Even though genomics has been the cornerstone of traditional 
personalized medicine and have made diagnosis, targeted therapy 
and prognosis inarguably easier through genomic biomarkers; oth-
er equally important field of scientific research such as: transcrip-
tomics, proteomics, metabolomics, microbiomics, social and molec-
ular epidemiology, pharmacometrics and bioinformatics must be 
integrated into precision medicine research. 

In order to facilitate the existence of an integrated PM network, 
an important gap must be addressed in clinical settings. Healthcare 
workers must be familiarized with the areas of bioinformatics and 
multi-omics. Another important gap that must be bridged is the 
disparity in availability of PM to high socio-economic groups relative 
to low socio-economic groups. Therefore, genomic tests must be 
made more accessible to be inclusive of people of all backgrounds. 
We also believe that investments in population-based interventions 
such as prevention screening for stratified populations in of utmost 
importance as we are moving towards a more prevention-focused 
era of personalized medicine.
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