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Abstract

Ever since the first human genome was sequenced in 2001, there has been growing investment and research interest in
precision medicine aimed at targeting medicines for precise therapy. This concept uses genomic sequencing to diagnose
rare disease conditions where conventional therapies have failed. Precision medicine is a treatment regime specifically
tailored to have the highest chance of success and lowest risk of adverse effects. It promises three benefits first, to
patients by improving efficacy of drugs and reducing adverse effects. Second, it saves the healthcare systems from the
cost burden of treating adverse effects by reducing expenditure on ineffective drugs. Third, to pharmaceutical industry
by enabling drug makers to select and evaluate drug candidates much more cheaply and quickly than is possible
currently. It can be emphasized that, the “precision” of precision medicine relies on the availability of large amounts of
high quality, diverse data (both clinical and genomic) to accurately and equitably inform diagnosis and treatment
approaches. So, the quality of the outcomes facilitated will be determined and limited by the quality of the data used to
inform them. This can be complemented and validated with an experienced physician, scientist and pathologist to
realize its full potential and success. In this review, the methodologies adopted and recent advances in the precision
medicine are summarized.
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1. Introduction

If realized completely in a pharmaceutical industry, precision or personalized medicines ensures targeted drug
discovery and development processes employing artificial intelligence and existing datasets to perform better "in
silico” target identification [1]. They promise several advantages like; assist in improvement of food and drug
administration (FDA) oversight of tests, drugs, and other technologies to support innovation while ensuring that these
products are safe and efficacious [2]. Precision medicine enabled new partnerships of scientists in a wide range of
specialties, as well as people from the patient advocacy community, universities, pharmaceutical companies, and others
[3]. It provides better understanding of the underlying mechanisms by which various diseases occur as well as the
roadmap to realizing the discovery of new chemical entities in a pharmaceutical company initiates with target selection,
followed by the development of lead molecule for the target It provides better understanding of the underlying
mechanisms by which various diseases occur as well as the roadmap to realizing the discovery of new chemical entities
in a pharmaceutical company initiates with target selection, followed by the development of lead molecule for the target
[4]. Once the molecule or new chemical entity is synthesized, in-vitro studies are performed to establish identification
and validation for the route of synthesis, thereafter in-vivo studies are performed on patient derived pharmacological
models or molecular profiles to establish proof of concept. This is followed by Clinical trials [5].

Precision medicine if realized to its full potential in hospitals, the treatments can be specifically adapted to the physical
condition of the body, genetic, lifestyle and disease characteristics of a particular patient to not only determine what
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treatment should be administered, but also the particular dosage regimen for administration [6]. The identification of
genetic or biological markers can be correlated with disease and the development of robustly validated diagnostics
which can be used to screen for those markers. This technology facilitates in the development of high quality (and
economically viable) screening protocols to identify high-risk individuals and enable prevention of disease rather than
simply reactive treatment [7]. This technology could aid in design of new tools for building, analyzing, and sharing large
sets of medical data as well as better integration of electronic health records (EHRs) in patient care, which will allow
doctors and researchers to access medical data more easily [8].

2. Methodology used in precision medicine

Precision medicine is powered by patient data [9]. The health records and genetic codes of patients and healthy
volunteers are vital, and help people to influence their own health care and the direction of research [10]. Hence
accurate documentation is needed for useful outcomes.
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Figure 1 Representation of advantage of precision medicine

A pictographic representation of how precision medicine is advantageous over traditional concept is depicted above
(Figure 1), wherein with same drug and dosage regimen being provided to patients for a particular indication uniformly
to entire population or the drug being provided after careful data analysis of genome, age, lifestyle or ethnic origin using
artificial intelligence is provided precisely to each individual (precision medicine) [11]. The former may or may not
prove to be safe and efficacious to the population as a whole but the later has higher chances of safety and efficacy [12].
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Figure 2 Representation of data integration and analysis for precision medicine

The graphical representation of patient data collection and analysis in precision medicine is shown in figure 2. The raw
data could be (i) sourced from patients, patient derived models and from public data bases (includes clinical data,
histology, molecular profiles of patient collected through various diagnostics techniques); (ii) obtained through various
patient derived models like histology, molecular profiles and pharmacology; (iii) extracted through molecular datasets,
pharmacogenomics and biomarker signatures [13]. The entire data integration, analysis and visualization is then done
by supercomputers using complex algorithms based on machine learning, artificial intelligence and then deep dive to
yield integrative visual reports as outputs. These outputs leads to correct diagnosis, prognosis and therapeutic decision
under the able guidance of expert physicians. Thus on one hand this process leads to individual patient receiving precise
therapy and on the other hand the plethora of database allows the same therapy to be extended remotely to any patient
for whom the outputs have been visualized to be same [13]. Thus it can be concluded that a substantial investment of
time and resources in the present can unleash immense opportunity of electronically delivering expert medical opinion
to remotest of areas and hence proving economical and time saving technique in future [14-15].

3. Recent advances in precision medicine

Despite various challenges and setbacks there has been significant advances in this area. Several gene therapies are
edging closer to USFDA approvals and European authority approvals [16]. There has been several proof of evidence
since its effective conceptualization and realization.

The Food and Drug Administration’s approved the first chimeric antigen receptor T-cell (CAR-T) therapies
(Novartis’s Kymriah and Gilead/Kite’s Yescarta). Kymriah, has just recently been granted approval for its second
indication in relapsed/refractory large B-cell lymphoma, and both Kymriah and Yescarta are on the verge of approval
in Europe [17]. Yescarta (axicabtagene ciloleucel, or axi-cel for short) has become the second CAR-T therapy to be
approved in the US. The FDA has authorized its use to treat aggressive B-cell non-Hodgkin lymphoma in patients for
whom at least two other types of treatments for their blood cancer failed [18, 19]. Developed by US biotech Kite Pharma,
Yescarta now belongs to Gilead. This makes Gilead the second to enter a whole new cancer market, right after Novartis,
the developer of the first CAR-T therapy, Kymriah [19]. The approval of Yescarta is based on clinical trial results that
are impressive considering the treatment is given to patients who don’t respond to standard cancer treatments [20].
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After a single infusion, 72% of the patients responded to the therapy, and 51% showed complete remission of cancer.
However, there were three deaths due to side effects related to the treatment [19]. This is a first approval of a medicine
by reference to the genetic features of the cancer as opposed to its site of origin. In this same vein, Loxo Therapeutics, a
company specializing in the development of such targeted tumour agnostic treatments, has just released an abstract
ahead of ASCO 2018, reporting a 69% overall response rate in its phase I trial of LOX0-292 in 32 RET-fusion positive
patients (including those with non-small cell lung cancer and papillary thyroid cancer), a result seen by many as the
most impressive among those due to be announced at the leading oncology conference [7, 21].

The firstin-human precision gene-editing trial (using zinc finger nucleases—Sangamo Therapeutics’ treatment for
Hunter Syndrome). CRISPR-based approaches are not far behind in the clinic, with CRISPR Therapeutics’ Clinical Trial
Application in Europe for a phase I/II of its lead pipeline product CTX001 for (-thalassemia approved in Q1 2018 and
due to start in the second half of 2018 [7, 22, 23] .

At International Symposium on Biomedical Imaging, competitors created computational systems for detecting
metastatic breast cancer in whole slide images of sentinel lymph node biopsies [24]. The winner algorithm had a 92.5%
success rate. When a pathologist independently reviewed the same images, the success rate was 96.6%. Combining the
deep learning system'’s predictions with the human pathologist’s diagnoses increased the pathologist’s success rate to
99.5%, an approximately 85% reduction in human error rate [7].

Britain’s Benevolent Al is utilizing the technology to “analyze vast quantities of bioscience information” and identify
compounds that are likely to effectively combat specific diseases without causing serious adverse effects [25].
Exscientia, which reports that its “knowledge-driven systems design millions of novel, project-specific compounds and
pre-assess each for predicted potency, selectivity, ADME and other key criteria,” signed a collaboration deal with GSK
in 2017 [15]. Under the deal, Exscientia’s Al enabled platform will be utilized in an effort to identify small molecules
that can be used to treat up to ten targets selected by GSK [26]. Atomwise, says that its Al technology, called AtomNet,
“helps predict the effectiveness of new drugs more rapidly” than conventional methods [15]. According to Atomwise,
AtomNet researches small molecules with “unprecedented speed, accuracy and diversity.” The company has reportedly
partnered with Merck on malaria treatments [27].

4., Conclusion

Precision medicine has potential to yield huge benefits for heavily strained healthcare systems around the world. While
there are major limitations in realizing precision medicine completely, there has been significant scientific discovery
along this path. The existing challenges with budget and financial constraints for massive data collection and integration
both clinical and genomic data into current computer systems should not deter the stakeholders at large for long term
benefits. However precision medicine with its complex algorithms cannot function successfully without intervention of
healthcare experts and the outcomes of data analysis should be complemented with expert clinical knowledge to
validate the outcomes of algorithms. In short, to realize it completely, the institutions should communicate share
knowledge with each other as understanding the diseases and how to treat them precisely will absolutely require a
tremendous collaborative and integrative effort between research and medical institutions worldwide.
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