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ABSTRACT:

The idea of Personalized Medicine is not new — Doctors have long
recognized that different patients react differently to medical
interventions because the goal of medicine has always been to treat
each patient as an individual. What is new is that paradigmatic
advances in science and technology hold out from hope for the
creation of targeted therapeutics and tools for determining who will
benefit from a medical treatment and who will have negative side
effects. Personalized Medicine has made significant advancements in
recent years, demonstrating the capability of science to radically
advance medical practice. Despite this, the problems of
understanding human health and disease remain sobering. The
intricate interplay of environmental, genetic, social, and cultural
factors affects not just “Who We Are...” but also “What Disease We
Are Prone To..” Fundamental advancements in our comprehension
of each of these characteristics, as well as how they interact, will be
necessary to realize a genuinely individualized approach to patient-
care. Personalized Medicine is something that concerns us all. Our
unique viewpoints have an impact on how we interpret this area’s
evolution. This section explains the idea of Personalized Medicine as
well as various modern definitions and uses of the term

Introduction:
History and Development:

“It’s Far More Important to Know What Person
the Disease Has Than What Disease the Persona

Has”

- Hippocrates*

Many hundreds of years ago, the idea of Personalized
Medicine was first introduced. But, is wasn’t until the
19" century that advancements in Chemistry,
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Histochemistry and Microscopy enabled researchers

to start understanding the fundamental caused of
diseases. In the years afterwards, significant advances
in Science and Technology have made it possible for
healthcare judgments to become more precise. The
20" century saw a development in Genetics, Imaging
and Data Mining alongside the expansion of the
Pharmaceutical and Medical Device sectors. The
studies of individual variations in drug response led to
a body of work aimed at identifying important
enzymes that contribute to diversity in Drug
Metabolism and response, which laid the groundwork
for Pharmacogenetics. More recently, the decoding of
the Human Genome at the beginning of the 21°%-
century stated the process of turning Personalised
Medicine from a theory into a practice. Scientists now
have the opportunity to build tools for genuinely
Individualized Diagnosis and Therapy, thanks to the
rapid advancements in Genomics and other fields,
such as Regenerative Medicine.

We still have a long way to go in understanding why
different people experience disease or respond to
treatment in various ways, despite the amazing
achievements made in the Medical Sciences so far. For
the majority of diseases and ailments, we are currently
unable to forecast a patient’s response to treatment.
Therefore, Doctors are forced to use less-than optimal
practices when prescribing medications and other
forms of treatment.

e.g. a patient receiving treatment for High Blood
Pressure, might be prescribed one of several Blood
Pressure drugs.

Only general knowledge about what might genuinely
help for that specific patient is used by the Patient’s-
Doctor when deciding what drug to prescribe. The
patient may be moved to another drug if the first
medications does not function after a few weeks. The
Trial-and Error or “One Size Fits All” approach may
result in Patient Dissatisfaction, Unfavorable Drug
Reactions and Interactions, and poor Adherence to
treatment regimens. By separating in advance those
patients who are most likely to benefit from a given
treatment from those who will incur expenditure and
experience side effects without benefit, Personalized
Medicine aims to simplify clinical decision-making.
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Figure 1: “One Size Fits All” Approach V/s
Personalized Medicine ?

The Personalized Medicine:

The phrase “Personalized Medicine” is frequently
defined as giving “Right Medicine to The Right
Patient at The Right Time”.?

A more general definition of Personalized Medicine is
the customizing of Medical Care to a Patient’s Unique
Requirements, Preferences, and Traits throughout all
phases of care including Preventions, Diagnosis,
Treatment and follow-up. The National Academy of
Sciences (NAS) has described “Precision Medicine”
as the use of Genomics, Epigenomics exposure and
other data to characterize individual patterns of
disease, perhaps leading in improved Individual
Therapy. Precision Medicine is most likely

synonymous with “Personalized Medicine”.*

Stratification — This refers on the classification of
patients with a given disease into subgroups based on
a feature of some kinds, who respond. more frequently
to a specific therapy, or alternatively are at lower risk
of experiencing adverse effects as a result of a specific
treatment.

Pharmacogenomics (PGx) - One of the most
fascinating subfields of Personalized Medicine is the
study of variations in DNA and RNA properties in
relation to Drug Response. ®The area was created as
a result of Pharmacology and Genetics advancements
coming together (the study of Genes and their
functions). Many of the medications that are currently
available have variable responses from patients. It
might be challenging to anticipate who will benefit
from a medication, who won’t respond at all, and who
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will experience negative effects. The goal of PGx is to

comprehend how variations in Gene’s expression
impact how the body reacts to drugs. In more details,
PGx makes up to Genetic Data (such DNA Sequences,
Gene Expression, and Copy Number) to explain inter-
individual ~ variations in  Drug Metabolism
(Pharmacokinetics) and Physiological Drug Response
(Pharmacodynamics), to identify responders and non-
responders to a drug, and to forecast the efficacy
and/or toxicity of a drug. New opportunities in Drug
Discovery and Development have been made possible
by advancements in PGx. With the help of PGx, a
variety of health issues such as Cancer, HIV/AIDs and
Cardiovascular disease, can now be treated more
specifically. Since more than 10 years ago, the FDA’s
Centre for Drug Evaluation and Research (CDER) has
supported Pharmacogenomics by offering regulatory
guidance, examining applications and creating
procedures and policies that are focused on Genomics
and Personalized Medicine.

The creation of precise and trustworthy diagnostics, as
well as, occasionally, the discovery of predictive
Biomarkers is essential for the success of Personalized
Medicine. In-vitro diagnostics, such as
Electrocardiogram (EKG) Tracings, or Imaging
Technologies are examples of diagnostics used in
Personalized Medicine that are typically used to
determine the existence, absence, or quantity of a
Biomarker or to evaluate physiological or anatomical
patient characteristics. The choice of treatment based
on the results of the Diagnostic Test may not be the
best one even, if it is accurate.

e.g. if a patient receives an inappropriate medication
as a result of a poor diagnostic outcome, that patient
may suffer injury or receive no benefit from the
medication since it will either render the patient
ineffective or induce adverse effects that could have
been avoided.

TRADITIONAL “ONE SIZE FITS ALL”
TREATMENT:

With Personalised Medicine, aims to deliver “The
Right Medicine to The Right Patient At The Right
Time”.” Unlike the traditional “One Size Fits All”
approach to Medical Research and Prescription, it
targeted to people who are most likely to benefit from
them. In addition to improving Clinical Results and
Patient Quality of Life, Personalized Medicine has
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enormous potential cost-benefits for our ailing

Healthcare Systems.
But we are only at the beginning of this journey.

The Promise of Personalised Medicine:

The goal of Personalised Medicine is to provide “The
Right Medicine to The Right Patient at The Right
Time”.

This dose is too high for
some patients. So the medicine
causes some side effects

0 =p |

Figure 2: Traditional “One Size Fits All”
Treatment®

An alternative to the traditional “One Size Fits All”
approach of treatment is Personalised Medicine. We
are now better able to categorize individuals into
groups that benefit from a treatment since it is based
on a Greater Understanding of the Molecular
Mechanisms of Diseases. The common observation
that patients with seemingly identical clinical
diagnosis or symptoms frequently respond differently
to the same medication is the first thing that
Personalised Medicine attempts to address. As a result,
Personalised Medicine has a significant potential to
enhance the Clinical and Financial viability of
treatments. This is particularly true for complex
conditions like Cancer or Inflammatory diseases,
where even in the best cases, a therapy frequently only
benefits 30-50% of individuals receiving the
treatment. Personalised Medicine also aids in lowering
needless safety concern by only treating patients who
are most likely to benefit or identifying those who are
more likely to experience negative reactions. This
raises safety and eases the Financial Strain on
Healthcare Systems.

Biomarkers:

These characteristics of patients serve as indicators of
disease processes or as indicators of therapy response,
and they are crucial for the ability to individual
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medications. These biological traits can be Hereditary,

Blood Chemistry-related or Imaging-related, and they

can all be objectively measured.® The Biomarker

status of a patient is determined using Modern

Diagnostic ~ Techniques,  particularly  so-called

Companion Diagnostic Procedures. These are used to

identify patients who may either benefit from a

particular medication or who may be vulnerable to

side effects that could be very severe.

These crucial elements are essential for the successful

implementation of Personalised Medicine —

e Our knowledge of diseases and relevance of
Biomarkers,

e The precision and dependability of the
corresponding Diagnostic Tools, and

e The individualized therapy.

Personalized Medicine has a lot of potential, and more
accurate medical decisions may be made as a result of
it. The inefficiencies brought on by Trail-and Error
that currently endanger patient-care and drive-up
Healthcare expenses may therefore be eliminated with
the help of Personalized Medicine. Through the use of
Personalized Medicine, doctors can recognize
individuals who are most likely to benefit from a
specific course of therapy or who are at a high risk of
suffering serious adverse effects.*®

The goal of individualized treatment include —

e Increasing clinical results and predictability.

e Avoid side effects brought on by incorrect
treatment.

e Animprovement in the standard of living.

e Encourage patient co-operations since it produces
greater results.

e Increase the efficiency with which healthcare
resources are utilised.

“One Size Fits All” V/s Personalised Medicine:
One Size Fits All Traditional Medicine — Despite
having various Biomarkers, Cancer patients for
instance those with Colon Cancer, receives the same
treatment.

Review Article
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Figure 3: “One Size Fits All” Traditional
Treatment

“Right Medicine to The Right Patient at The Right
Time” Personalised Medicine - Patient with Cancer,
such as those with Colon Cancer receives an
individualized treatment plan based on their
Biomarkers.
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Figure 4: “Right Medicine to The Right Patient at
Right Time” Personalized Medicine

Implications of Personalized Medicine

(The Impossibilities of Personalized Medicine’s
Promises):

A paradigm shift will be required to fully realise the
potential of Personalised Medicine. It entails updating
Disease Classifications, altering how Clinical Trials
are conducted, establishing a suitable framework for
Data Privacy and Protection, investing in
Bioinformatics  infrastructure ~ for  companion
Diagnostic Tests, adapting Regulatory Processes for
Personalised Medicine, Educating Healthcare
Professionals and Patients, and making sure Pricing
and Reimbursement Structures are in place for
Personalised Medicine to live up to its potential.
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The Scientific Basis for Personalised Medicine

(New Molecular Understanding and Disease
Classifications):

In the past, medical specializations were based on
“Organ-and Systems” which helped on define how
diseases were categorized. These disease definitions
seem progressively less suitable in light of the
scientific advancements brought on by Personalised
Medicine.

e.g. Breast Cancer is a diagnostic that only refers to the
location of the disease and ignores its Molecular and
Genetic Aspects.

There isn’t one Breast Cancer drug that can effectively
treat all patients — instead, many classes of Cancer
drugs are used to treat different types of Breast Cancer
as well as other types of Cancer, and are customized
to particular underlying mechanisms. It is evident that
the situation is the same for many diseases, including
Schizophrenia, Diabetes and Rheumatoid Arthritis,
where there are numerous causes of the same clinical
symptoms. Therefore, in addition to the “Organ-and
Systems”, the diagnosis of diseases must take into
account Underlying Traits or Molecular Markers.

Resources for  Personalised Medicine -
Bioinformatics, E-Health Records, Biobanks, And
Data Sharing/Protections:

The greatest insights have been found through the
Analysis, Linking and Comparison of numerous large
datasets (Genomics, Clinical Outcomes, Bio-banks,
Imaging etc) also known as “Big Data”. Although
“Omics” datasets have provided remarkable insights,
this is where the greatest insights have been found.
The Collecting, Linking and Analysis of large datasets
from patients participating in Clinical Trials and
Routine Care are necessary for the advancement of
Research and the Adoption of Personalised Medicine
in National Health Systems. Complex Bioinformatics
Systems and Analytical capabilities will also continue
to be required. An important resource for the country
is the magnitude of Biobanks that exists in various
Academic Institutions or at the National Level. Ability
to identify potential Biomarkers in Patient Tissue and
Blood Samples is crucial for Research on Personalised
Medicine. Linking clinical data to Biobank samples
for the same patient is a very effective strategy, and
collaboration across Biobanks (inside and across
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National boundaries) as well as the connection of

Biobank sample data to clinical information should
both be promoted to support advancements in
Personalised Medicine. To maintain and speed up
progress in this area, the capacity to perform additional
research on such novel Biomarkers in current sample
sets is crucial. Therefore, uniform processes for
obtaining consent for research should be used to
approve additional studies using Biobank specimens
already in existence.

Multi-omic datasets Phenome Integration  Personalized
medicine

Biomarker
/\ signatures
Clinical

: data
cs [
polom!
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Figure 5: “Omics” Dataset 12

It is crucial to have High-quality Sample Preparation
and Storage Procedures in a Biobanks. Research’s
high calibre and dependability are ensured by
standardizing methods and sharing best practices
among Biobanks. As was previously said, many
common diseases are now more precisely classified
into smaller groups with comparable underlying
molecular problems. So, it becomes crucial to gather
and analyze clinical data and samples from other
Nations.

Utilizing Personalised Medicine to increase the
speed and effectiveness of clinical trials:

The effectiveness and safety of a new drug are
currently assessed in several Clinical Trials by
examining the effects of treatment in patient groups
that are generally unselected. Therefore, to find
relatively modest advantages, massive studies are
used. A major contributing cause to the high failure
rates in Drug Development is this method of
conducting Clinical Trials, which is manifestly
ineffective. Such Clinical Trials might show no overall
benefit from a treatment yet ‘miss’ a significant
benefit for a small sub-group of patients. Even when
these trials are successful, approx. 30-50% of the
people who are treated will typically benefit, and other
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patients will not improve at all but may still experience

major adverse events. A Personalised Medicine
strategy helps to identify the patients most likely to
respond to the test treatment and enables smaller, more
individualized Clinical Trials by pre-selecting patients
based on Biomarkers. But, when Biomarkers are
discovered retroactively, after a Phase-Ill Clinical
Trial has been completed, or even after a drug has been
approved, problems can occur. Re-analyzing the data
in these situations in light of the newly identified
Biomarker is advantageous, if not critical. It would
therefore be significant progress to standardize
methods for obtaining consent and approval for extra
and retrospective analysis (as well as the use of tissue
samples).

It should be possible to quickly identify patients
qualified to participate in Clinical Trials of new
medicines using Electronic Health Information
System as Genomic information becomes more
frequently available to patients as part of Traditional
Clinical-care. The use of Genomics, e-Health and
other Clinical data for Health and Research requires,
consistent Datasets, Interoperability of e-Health
Records across the country, effective and secure e-
Health data software/hardware and suitably flexible
privacy legislations.

A Regulatory Environment that will support and
encourage Personalised Medicine:

The development of Personalised Medicine differs
significantly from that of Traditional Medicine in a
number of significant ways, not the least of which is
the requirement for patients to be identified through
Diagnostic Tests (CDx) as having the necessary
Biomarker.'® Because smaller, Biomarker-identifiable
populations can be studied in more limited Clinical
Studies and used to identify patients for Efficacy and
Safety Surveillance in Post-marketing Surveillance
after Initial Licensing Approval, the Adaptive
Pathways approach may be particularly well suited for
Personalised Medicine Therapies. Once more, e-
Health Records play a significant role in the collecting
of ‘Real World’ data for ongoing Efficacy and Safety
Data Analysis to enable Adaptive Pathways.
Continuous Safety and Efficacy monitoring for
Adaptive Pathways would be significantly easier to
carry-out if High-quality reliable e-Health Data could
be collected effectively. The creation of new adaptable
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routes and their testing in pilot programmes should go

on in order to increase early patient access to
Personalized Medicine. Regulators must to actively
promote the use of currently available flexible
licensing strategies, such as conditional marketing
authorizations subject to conditions (such as post
authorization safety and efficacy studies).’* Another
feasible strategy that would be easy to implement is
“Orphan Indications” in the orphan products
legislation driven by Biomarkers.

Figure 6: Medicine Adaptive Pathways to The
Patient '

Making Clinical Decisions and Improvising
Patient-care By Developing Diagnostics Test for
Personalised Medicine:

The supplementary Diagnostic Test (CDx) is an
essential element of Personalised Medicine. The entire
idea will fall flat in the absence of an Accurate,
Dependable and Quick Diagnosis. Technology in the
medical field is developing quickly. As a result of both
Molecular Biology advancements and the emergence
of new Novel Technology Platforms for Diagnostic
Procedures, such Next-generation Sequencing, which
enables the simultaneous investigation of numerous
Genetic Indicators. As a result, “One Size Fits All”
approach is undergoing change, and many markers
will dictate how and when to utilize medications. The
difficulties presented by the diagnostic aspect of
Personalised Medicine will grow as more test panels
are regulated and compensated. It’s important to keep
in mind that efforts are being made to integrate
clinical, “Omics” and e-Health datasets in order to
give Healthcare practitioners Clinical Decision
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support. This is due to the rapid expansion of these

datasets.

These Bioinformatics technologies, while not exactly
‘Diagnostics’, will increasingly direct Clinical
Judgments and Patient Treatment Regimens.
Regulators, Payers and Healthcare Systems will face
new obstacles in Developing, putting these systems
into use, and evaluating their Efficacy. In this field of
Bioinformatics and Decision Assistance, Patient and
Healthcare Education is necessary. The growing
innovation in this field will complicate matters even
more by putting more pressure on the Testing
Facilities. Personnel must be trained to conduct the
tests and interpret the results in addition to being
provided with up-to date Diagnostic Instruments that
provide results quickly.

As a last point, there is insufficient innovation
protection in the market for diagnostics. To drive CDx
development and promotion, the right incentives are
required.

Current Research (Gene Therapy Treatment for
Haemophilia-B):

It’s been more than 20-years since Gene Therapy for
Haemophilia-B first became a possibility. Despite
improvements in Haemophilia-B treatment, Peter
Marks, M.D. Ph.D. Director Of The FDA’s Centre for
Biologics Evaluation and Research, warned that the
prevention and treatment of Bleeding Episodes can
negatively affect people’s “Quality Of Life”. “Today’s
approval provides a new treatment option for
Haemophilia-B patients and represents significant
advancement in the Development of Novel Medicines
for people dealing with a high burden of Disease
associated with this form of Haemophilia-B”, said the
FDA_lG—l?

A Genetic Bleeding illness called Haemophilia-B is
caused by low or absent amounts of the Blood Clotting
Protein Factor-1X, which is necessary to form Blood
Clots to halt Bleeding. In severe circumstances,
Bleeding Episodes can happen spontaneously without
a known cause. Symptoms can include significant or
persistent bleeding after an Injury, Surgery or Dental
procedure. Prolonged Bleeding Episodes can cause
major issues such bleeding into Muscles, Joints or
Internal Organs like the Brain. In order to strengthen
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the body’s capacity to stop bleeding and encourage

healing, the Clotting Factor that is inadequate or
lacking is routinely replaced. In order to maintain
enough amounts of Clotting Factor to stop Bleeding
Episodes, patients with severe Haemophilia-B often
need a routine treatment programme that include
Intravenous (IV) Infusion of Factor-1X Replacement
Medicines.

Genetic alterations that result in disease are fixed
by gene therapy:

A viral vector encoding the Clotting Factor-1X, Gene
makes-up the one-time Gene Therapy drug Hemgenix,
which is administered Intravenously in a single-dose.

Isolation I
/\ CD34* stem cell
iPS cell
BOEC
MSC

Transduction
and selection

@
N

Conditioning and
reintroduction

/

Differentiation and expression

Figure7: Gene Therapy Treatment for
Haemophilia-B 8

In this course of treatment, a Doctor injects Healthy
Genes into your body’s cells using a modified Virus.
Additionally, they might eliminate or deactivate
problematic Genes, by replacing Faulty F9-Gene with
a Non-faulty Gene, effective Gene Therapy for
Haemophilia-B  may offer long-term or even
permanent benefits. This would enable your body to
create enough Factor-1X on its own, leading to fewer
or no Factor-1X infections. Numerous Gene Therapy
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strategies have been investigated by Researchers to

treat Haemophilia-B. In Clinical Trials, several of
these strategies have showed promise.

e.g. for at least 3-years, Researchers discovered that
Gene Therapy elevated Blood Levels of Factor-1X to
1-6% of the baseline level. The greatest dose of the
medication resulted in more than 90% fewer Bleeding
Episodes in the patients. A lesser number of Factor-1X
concentrate treatments were also necessary.
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