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Introduction
Cancer is a heterogeneous disease, meaning differences exist not 

only between cancer cells from various patients, but also between 
cancer cells within a single patient. Cancer is constantly evolving 
to evade death, and this is why no single drug has been effective in 
“curing” cancer. Usage of unique characteristics of each patient to 
focus, match and direct the most effective and precise treatments 
based not only on the genomic profiling of the patient and the 
cancer, but also on other unique characteristics distinguishing one 
patient from another is where the concept of precision oncology 
stems from. Every patient has a diverse and individualized genome, 
proteome, epigenome, micro-biome, lifestyle, diet, and other 
characteristics that interact to promote and influence cancer 
causation, disease progression, treatment options effectiveness, 
adverse events of drugs, remission, and relapse [1]. Emerging 
oncological paradigms encompassing precision immunotherapies, 
precision informatics, precisely targeted therapies, specific 
cellular engineering and artificial intelligence, based on next-
generation sequencing, genomic profiling and supercomputing are 
increasingly combined and paired with traditional therapies like 
chemotherapy and radiation to address the many faces of cancer 
with high precision [2]. Precision oncology can be subdivided into 
precision diagnostics and precision therapy.

Precision Diagnostics
Diagnostics begin with an accurate and appropriate diagnosis 

of an individual patient and sub classifies population into cancer 
patients and individuals at high risk for specific cancers [3]. 
Establishing molecular classifications already existent in Colon 
cancers and breast cancers enhances the accuracy of therapeutic 
options [4]. The information derived from precision diagnosis 
reveals the precise medical measures, including surgery, radiation, 
chemotherapy, adjuvant therapy, that are needed for each individual 
[5].

Radiomics and image-genomics 

Imaging in cancer such as ultrasound, computed tomography 
(CT), positron emission tomography (PET), or magnetic resonance  

 
imaging (MRI) is routinely used in diagnosis, staging, treatment 
planning, postoperative surveillance, and in response evaluation 
of cancer patients. Although these imaging modalities provide 
important phenotypic information of cancer, yet a great deal of 
genetic and prognostic information remains hidden [6]. Since 
imaging can be used to determine the three dimensions of the 
tumor, the concept of mapping the genomic heterogeneity could be 
evaluated by “radiomics,” a field of study in which high-throughput 
data is extracted and large amounts of advanced quantitative 
imaging features are analyzed from medical images, and “imaging 
genomics,” the field of study of high-throughput methods of 
associating imaging features with genomic data. The hidden 
information embedded in medical images may become utilized 
through these robust approaches and help in quantifying overall 
tumor spatial complexity and identifying the tumor sub-regions 
that drive disease transformation, progression, and drug resistance 
[7-9].

Biomarkers and genetic tests
“OMICS” based diagnosis can help oncologists revealing 

important genetic mutations that drive carcinogenesis. 
Technological advances such as next generation sequencing have 
clearly resulted in more effective therapeutic decisions and help 
in optimization of clinical outcomes, avoidance of unnecessary 
therapies, minimized side effects, and overcoming or avoiding 
drug resistance. Immunohistochemistry (IHC) and Genomic 
Profiling advances have helped to identify the presence of specific 
biomarkers and to risk stratify patients. Detection of human 
epidermal growth factor receptor 2 (HER2) in breast cancer and PD-
L1 in lung cancer as biomarkers have acted as targets for suitable 
drugs [10,11]. Mamma Print the 70-gene signature test for breast 
cancer has been evaluated in 6693 women with early-stage breast 
cancer to evaluate if the gene signature test could reduce the use of 
chemotherapy. Patients with high clinical risk and low genomic risk 
for recurrence, the difference in the 5-year survival rates between 
chemotherapy (98.8%) and no-chemotherapy (97.3%) was only 
1.5% [12]. Approximately 46% of women with breast cancer at high 
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clinical risk might not require chemotherapy and that the 70-gene 
signature could aid in treatment decisions, similarly Oncotype Dx 
generates a recurrence score (0–100) by analyzing the expression 
of 21 genes. Survival rates of patients with high recurrence scores 
(31 and higher) have been improved by adjuvant chemotherapy, 
whereas patients with low recurrence scores are unlikely to get 
benefits from the chemotherapy [13,14].

Liquid biopsies in precision medicine
Predicting, diagnosing and monitoring tumors through non-

invasive methods represent an important paradigm shift in 
precision medicine. Liquid biopsy is the analysis of circulating 
tumor cells (CTCs) and cell-free circulating nucleic acids, circulating 
tumor DNA (ctDNA) and exosomes) released in the peripheral 
blood from the primary tumor and/or metastatic deposits. A liquid 
biopsy or a simple blood sample can provide the genetic landscape 
and epigenetic characteristics of every cancerous lesion and 
offer the opportunity to dynamically track genetic and epigenetic 
changes. Treatment responses and resistance can be predicted. 
Details of the tumor genetic profile can enable the prediction of 
disease progression and response to therapies. Liquid biopsy can 
be used in cancer screening, patient stratification, and monitoring. 
In addition, short ctDNA fragments harbor the footprints of 
transcription factors, which could indicate the cell-type origin 
of pathological states, such as cancer [15]. However, knowledge 
regarding the physiology or biology of ctDNA, where it originates 
and how it moves into the circulation is sparse and obviously, more 
research is needed to answer these questions.

Artificial intelligence in precision medicine
Digital health, disruptive technologies such as biotechnology, 

wearable sensors, or artificial intelligence (AI) are gradually leading 
to three major directions 

a) Making patients the point-of-care

b) Big huge data that require advanced analytics

c) Formulate the foundation of precision medicine

IBM Watson with its program provides clinicians with evidence-
based treatment options. Watson for Oncology has an advanced 
ability to analyze structured and unstructured data in selecting a 
treatment pathway. Then by combining attributes from the patient’s 
file with clinical expertise, external research, and data, the program 
identifies potential treatment plans for a patient [16]. Oncological 
development of pharmaceuticals and clinical trials take sometimes, 
more than a decade and costs billions of dollars. Speeding it up and 
making it more cost-effective would have an enormous effect on 
today’s health care and how innovations reach everyday medicine. 
Artificial intelligence usage with supercomputers could root out 
therapies from a database of molecular structures such as the one 
tried for Ebola virus by Atom-wise Company [17].

PDX mODELS
PDX models use tumor fragments from cancer patients and 

are implanted into immune-deficient mice. Mice harboring the 

PDX tumor fragment is tested and treated with multiple drugs to 
be tested and the efficacy of a drug can be predicted before being 
prescribed to the actual patient. Thus, PDX is a platform that 
provides evidence-based guidelines in choosing the correct and 
most effective drug to be prescribed to the specific cancer patient 
and important pathway for precision medicine [18]. Establishing 
PDX models worldwide reflects the high expectations of translating 
preclinical research to the clinic. EurOPDX launched cBio Portal, 
where information on models and their molecular annotation have 
been opened to the public to provide a platform of PDX studies [19]. 

Precision Therapeutics
Precision therapy matches the most effective treatment to 

the individual cancer patient based on the molecular profiling of 
the specific cancer and can be divided into two categories that 
include precision chemo-targeted therapy and precise therapeutic 
procedures. Precision chemo-targeted therapy is the use of the 
correct drugs prescribed that assures maximum benefit with 
minimum risk or toxicity for the patient. Precise Therapeutic 
measures could include surgery and radiation therapy tailored to 
the for individual patient’s needs.

Targeted therapy
The most well-known and one of the earliest target-based 

treatments against breast cancer are directed at the HER2. 
Trastuzumab is a monoclonal antibody targeting HER2 and 
is used in patients with breast cancers overexpressing this 
receptor and inhibits the activity of HER2 expression. 469 women 
with metastatic breast cancer overexpressing HER2, standard 
chemotherapy with Trastuzumab attenuated disease progression 
compared to standard chemotherapy alone (median, 4.6 vs. 7.4 
months). Survival time (median, 20.3 vs. 25.1 months) was also 
improved by the addition of trastuzumab to the chemotherapy [20]. 
Epidermal growth factor receptor (EGFR) inhibitor gefitinib has 
accelerated target-based therapy in lung cancer patients replacing 
cytotoxic chemotherapy for first-line therapy.(19). ALK is a cell 
surface protein that stimulates signaling pathways, such as the Ras/
Raf/MEK, PI3-K/mTOR, and Janus kinase (JAK)/signal transducer 
and activator of transcription (STAT) pathways and is activated by 
gene translocation and fusion with other genes. Crizotinib is an 
FDA-approved inhibitor of anaplastic lymphoma kinase (ALK), Ros 
proto-oncogene 1 (ROS1), and Met proto-oncogene (MET) [21].

Poly ADP-ribose polymerase (PARP) inhibitors are one of the 
most promising new classes of oncology drugs that target the DNA 
damage response and DNA repair. The PARP enzyme is important 
in the repair of single-stand DNA breaks and inhibitors of PARP 
prevent DNA repair, leading to cell death. These inhibitors are 
especially effective against cancer cells exhibiting gene mutations 
that are critical in the process of homologous recombination, a 
process that is crucial for repairing double-stranded DNA breaks. 
For example, the presence of the BRCA mutation and treatment 
with a PARP inhibitor, which blocks single strand DNA break repair, 
will lead to cell death. In a clinical trial, olaparib was beneficial 
against breast cancer [22].
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Immunotherapy
A deeper understanding of tumor-immune interactions and 

development of immune checkpoint inhibitors has dramatically 
changed the therapeutic landscape of melanoma, NSCLCs and 
other malignancies. The immune system recognizes and is poised 
to eliminate cancer [23]. Pembrolizumab has been the most widely 
tested PD-1 inhibitor. In May 2017, it has been approved as  first-
line therapy in metastatic non-squamous NSCLC with combination 
of pemetrexed and carboplatin for patients with, independent 
of PD-L1 expression. Pembrolizumab has been approved 
for  unresectable or metastatic tumor that expresses either 
microsatellite instability-high (MSI-H) or mismatch repair deficient 
biomarker [24]. Enthusiasm for immunotherapy has surged 
beyond targeting CTLA-4 and PD-1 pathways. Additional immune 
regulators, both stimulatory and inhibitory, are being explored as 
potential targets for cancer immunotherapy. Novel insights into 
neo-antigens and combination with immune checkpoint inhibition 
have breathed new life into cancer vaccines, which had been tested 
for decades with little success. Adoptive cell transfer of autologous 
T cells selected for tumor reactivity and genetically engineered 
T cells with chimeric antigen receptors targeting tumor antigens 
have demonstrated promise in melanoma and other cancer types. 
As new immunotherapies expand the arsenal of cancer therapies, 
deeper mechanistic insight will be required to inform clinical 
decisions. The exciting advances toward understanding and 
delivering precision immunotherapy are poised to change the way 
cancer is treated [25].

Nanotechnology
Utilization of nanotechnology has been tried for the 

development of new Nano-carrier systems that have the potential 
to provide an improved chemotherapeutic delivery through 
increased solubility and sustained retention. Targeted delivery of 
drug incorporated nanoparticles, through conjugation of tumor-
specific cell surface markers, such as tumor-specific antibodies or 
ligands, which can enhance the efficacy of the anticancer drug and 
reduce the side effects. Additionally, multifunctional characteristics 
of the nano-carrier system would allow for simultaneous imaging of 
tumor mass, targeted drug delivery and monitoring (Theranostics) 
[26]. Nanoparticles can be engineered to avoid biological and 
biophysical barriers. Biological barriers might arise in the form 
of tight junctions between epithelial cells, as is the case for the 
blood–brain barrier (BBB), which impedes the extravasation of 
vascularly injected agents. Nanotechnology-based systems have 
shown efficacy in crossing the BBB by virtue of the properties of 
their constituent core materials. Endothelial vascular permeability 
might be increased by the co-administration of a bradykinin 
antagonist120. This indicates a strategy for the enhancement of 
EPR targeting of Nano vectors [27].

CRISPR gene-editing system
CRISPR DNA-cutting technique is used to delete programmed 

death-1 (PD-1) receptor and remove and replace defective T-cell 
receptors (TCR) with a new receptor that is engineered to sound 
the alarm against specific cancers (NYCE T-cells). Blood will be 
collected from patients and T-cells will be isolated and edited with 

CRISPR before re-infusion back into the subjects. Basically, the 
study will convert normal human immune cells into cancer cell 
killers UCART019 is a type of CAR T-cell therapy that uses CRISPR 
to introduce a protein that enables T-cells to effectively recognize 
and kill cells expressing a protein called CD19, which is common 
in B-cell lymphoma and leukemia.. Two further clinical trials using 
CRISPR as a cancer immunotherapy also are ongoing in China. 
A Phase 2 clinical trial (NCT03081715) is investigating PD-1 
knockout T-cells in an estimated 21 esophageal cancer patients. A 
Phase 1/2 trial (NCT03166878) is investigating UCART019 in up to 
80 patients with B-cell lymphoma and leukemia [28].

Radio sensitivity index: precision radiotherapy
Torres-Roca et.al sought to identify genes correlated with RT 

response in 35 of the NCI-60 cell lines; they assessed the genetic 
contributions to radio sensitivity by quantifying the surviving 
fraction following exposure of the cell lines to a standard radiation 
dose of 2 Gy (the SF2 assay). [29]. Eschrich et.al subsequently 
expanded the model to 48 of the NCI-60 cell lines and included 
biological variables such as the mutation status of RAS and TP53, 
as well as tissue of origin. Using these data, a rank-based linear 
algorithm was created to calculate a radio-sensitivity index (RSI) 
[30]. The RSI has now been evaluated in independent cohorts 
spanning multiple tissue lineages [31]. The RSI has a demonstrated 
ability to predict for 5-year progression-free survival (PFS) and 
5- year distant metastasis–free survival in two distinct NCI breast 
cancer database sets. The survival benefit was noted in patients 
treated with RT who were found to be radiosensitive (defined as 
an RSI above the 25th percentile) compared with those who were 
found to be radio-resistant (RSI below the 25th percentile). No 
difference in survival was noted between radiosensitive vs. radio-
resistant patients who were not treated with RT, further supporting 
the predictive value of the RSI as it relates to radiation treatment 
and helps in high precision and personalized step towards genomic 
based radiation dosing [32,33].

Tumor treating fields in glioblastoma multiforme 
TT Fields is an antimitotic treatment modality that interferes 

with glioblastoma cell division and organelle assembly by delivering 
low intensity alternating electric fields to the tumor. Investigators 
delivered TT Fields treatment through 4 transducer arrays with 9 
insulated electrodes each placed on the shaved scalp and connected 
to a portable device set to generate 200-kHz electric fields within 
the brain. Adding tumor-treating fields (TT Fields) to temozolomide 
resulted in improved progression-free survival (PFS) and overall 
survival (OS) for patients with glioblastoma (GBM), according to 
a final analysis of results from the EF-14 trial. The addition of TT 
Fields did not lead to a significant increase in rates of systemic 
adverse events (AEs) compared with temozolomide monotherapy 
(48% vs. 44%) [33,34].

Conclusion
Precision medicine requires a myriad of disruptive technologies 

to be implemented into developing treatments, practicing medicine, 
and delivering care. Because every single cancer patient exhibits a 
different genetic profile and the profile can change over time, more 
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patients will benefit if therapeutic options can be tailored to that 
individual, thus avoiding the idea that “one-size-fits-all”, Instead of 
applying a one-size-fits-all treatment, precision medicine’s mantra 
is to provide the right treatment for the right patient at the right 
time.
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