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ABSTRACT

A revolutionary approach to medical care customizing healthcare to match patient-specific traits reliant
on genetic variables, environmental extremes and lifestyle patterns is what precision medicine is all
about. In this article, we explore the opinions of regulators concerning this area of specialization. More
specifically, it looks at how the US Food and Drug Administration (USFDA) and the European
Medicines Agency (EMA) have responded to Precision Medicine issues. Main aspects of precision
medicine include genetic medicine, pharmacogenomics, biomarker-driven therapies and sophisticated
diagnostics. The relevance of precision medicine is put across in terms of its impacts on treatment
effectiveness, reducing adverse effects and contribution to medical knowledge. Some of the key
regulatory challenges are: ensuring that genomic tests are analytically and clinically valid; addressing
issues regarding data privacy; and developing suitable reimbursement models. The reviewed article
addresses the regulatory frameworks of US Food and Drug Administration (USFDA) and European
Medicines Agency (EMA) in depth, delving into such initiatives as USFDA’s Precision Medicine

1834
IBPAS, March, 2025, 14(3)



Yusuf M et al Review Article

Initiative and EMA’s Adaptation Pathways approach. The evolving regulatory landscape is captured in
case studies of approved precision medicine products. Forecasts future trends in precision medicine
regulation, such as incorporation of real-world evidence, regulation of artificial intelligence and
machine learning, and addressing ethical issues in advanced therapies. In conclusion, the author argues
that regulatory frameworks must continue to be refined at a pace with ever-growing technological
innovations so as to ensure safety of patients yer also afford them equal access to the precise drug
development.

Keywords: Precision medicine, Genomics, Regulatory challenges, USFDA, EMA

INTRODUCTION

Over the past 10 years, precision medicine,
a highly innovative approach to healthcare
that takes into account individual diversity
in genes, environment, and lifestyle, has
demonstrated itself to be a transformative
force in medical practice and research [1].
Applying medical treatments that are
specifically designed to match individual
patient characteristics instead generic
prescriptions like before is going to bring in
change and improve identification,
management, treatment of diseases in future.
This change is rooted in the growing fields
of genomics, bioinformatics and data
analytics [2].

Although it was not brand new, precision
medicine became a huge deal after 2003’s
Human Genome Project [3]. To create a
more accurate grouping of human diseases,
clinical information should be merged with
molecular data. The vision of putting
together molecular data and clinical
information in coming up with a finer group
of human diseases was outlined in the 2011
“Toward  Precision

landmark  report

Medicine: Building a Knowledge Network
for Biomedical Research and A New
Taxonomy of Disease” by National
Research Council [4].

In essence, precision medicine is a dynamic
approach having various components such
as genomic medicine, pharmacogenomics,
biomarker-based therapy and personalized
treatments that rely on molecular profiling
[5]. These strategies have the potential of
increasing the effectiveness of care,
reducing side effects and cutting down on
the cost of treatment by preventing overuse
of resources [6]. Take for example precision
oncology - which has brought about
treatments specifically directed at certain
types of cancer cells, giving better results on
the one hand but lessening other related
issues caused by old fashioned cancer
treatment methods on the other [7].
Nevertheless, the actualization of the
potential of precision medicine is envisaged
as an enormous challenge for the current
regulatory frameworks that have always

been centered on  population-based
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approaches to medicine [8]. The US Food
and Drug Administration (USFDA) and the
European Medicines Agency (EMA) are
some of the global regulatory bodies striving
to modify their procedures to keep up with
the intricate concepts of precision medicine
as they uphold their basic mandate of
safeguarding the safety, efficiency and
quality of medicines [9, 10].

The Precision Medicine Initiative from the
US Food and Drug Administration
(USFDA) has been working on new
strategies for regulating next-generation
genome sequencing technologies, and
incorporating  real-world  data  into
regulatory decisions [11]. In the same way,
European Medicines Agency (EMA) has
developed guidelines to be used to develop
drugs (pharmacogenomic) with regards to
the use of genetic information [12]. There
are common challenges that both health and
drug regulatory agencies face. These include
validation of biomarkers, co-development of
drugs and diagnostic tests and assessment of
intricate algorithms applied in precision
medicine applications [13].

PRECISION MEDICINE

Precision medicine is a field that is both
expanding and developing in health care,
and it focuses on patient-specific data and
biological indicators, such as clinical,
hereditary, genomic, and environmental
information [14]. Precision medicine at its

core aims to group individuals into

subpopulations which differ in susceptibility
of getting a particular disease, the biology or
prognosis of the diseases they may develop
or their response to specific treatment [2].
This stratification makes it possible to
perform more accurate and efficient
interventions and in turn may raise outcomes
quality by lowering negative consequences
and getting rid of inappropriate treatments.
Key components of precision medicine
include

Genomic Medicine

It involves the use of an individual’s
genomic details for steering medical
decisions that may involve the analysis of
gene variations linked to susceptibility to
illnesses, reactions to drugs and others such
as health [3].

Pharmacogenomics

This domain is dealing with drugs and how
they work accordingly to specific plans of
individuals. Its goal is to make choices and
measure of drugs be in agreement with
genetic data of a certain person which will
help in diminishing side effects and
eventually increasing treatment efficiency
[15].

Biomarker-Driven Therapies

Biological markers also referred to as
biomarkers are certain measures or tests that
serve as an early indicator for any disease
present within our body or analyze an
individual’s overall health. In precision

medicine, biomarkers provide guidance on
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who will most likely benefit from particular
treatments [16].

Targeted Therapies

These medications or different materials halt
the growth and spread of illness by
interrupting distinctive molecular
objectives. For instance, in oncology,
targeted treatments act against precise
tumour cells with a potential outcome that
could be better than it is now by minimizing
toxicities relative to classical chemotherapy
[7].

Advanced Diagnostics

This consists of the techs like next-
generation sequencing, liquid biopsies and
molecular imaging that supply full data
concerning the molecular status of a
person’s disease [17].

Data Integration and Analytics

Precision medicine is heavily dependent on
the amalgamation and examination of vast
biological, clinical, and environmental data.
Advanced computational methods, with
artificial intelligence and machine learning
as examples of these, have entered the arena
to decode these puzzles, which results in
some nuggets of wisdom [18].

One of the main areas where precision
remarkable

medicine  has  registered

achievements is oncology, with the
diagnosis of particular gene mutations in
various types of cancers resulting in the
production of focused treatment methods

that have greatly bettered the lives of

patients [19]. Likewise, in the case of rare
diseases, genomic may be used to
thoroughly identify such patients that were
earlier, hard to identify [20].
Nevertheless, the full realization of
precision medicine potential has various
challenges including biological system
complexity, large scale data integration
requirement, ethical concerns on genetic
information and readjusting health care
systems as well as regulatory structures to fit
them [21].

Precision medicine is a growing area with
unique challenges for the various regulatory
frameworks that govern it in different
countries. Traditional regulatory paradigms
are better suited to interventions targeting
entire populations than to handling the
intricacies of personalized treatment and
diagnosis [8]. This requires a thoughtful
investigation  of  extant  regulatory
viewpoints and formulation of fresh ways
towards ensuring safe and effective
execution of precision medicine.

WHY PRECISION MEDICINE IS
IMPORTANT?

Precision medicine is multifaceted and
involves several dimensions of patient care
and scientific study in contemporary
healthcare.

Enhanced Treatment Efficacy

It is possible to create treatments which are
more precise and efficient through the use of
medical

precision  medicine.  Thus,
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practitioners can identify drugs best suited
for particular people based on their genetic
code along with other personal aspects.
According to a Schwaederle et al. (2015)
study, oncologists are achieving better
results  through  such  personalized
approaches (as shown by better response
rates) as compared to standard therapies
(rate of 30.6% versus 4.9% in each case) [7].
Minimized Adverse Effects

Tailoring treatments to individual patients
may help reduce the frequency and severity
of adverse drug reactions. This means that
precision medicine considers genetic
differences that may significantly alter how
drugs are broken down in a person's body. In
some studies, for example,
pharmacogenomic testing is said to have
decreased negative drug responses by 30%
[15].

Cost-Effectiveness

Despite being costly, introducing precision
medicine approach can also result in saving
money in the future. For instance, research
conducted by Verbelen et al. (2017)
revealed that having pharmacogenomic tests
in medical institutions could ultimately save
§5 billion every year hence worth
implementing in different parts of the USA
[22].

Early Disease Detection and Prevention
In the case of identifying people who have a
genetic composition that predisposes them

to various ailments, high chances of getting

sick are more likely to be linked with those
whose genetic profiles are known because
they can be targeted for early interventions
as well as precautionary treatments. One
such powerful tool involves testing whether
or not one carries certain breast cancer genes
namely BRCA1 and BRCA2, which has
greatly changed what used to be done in
order to lower incidences among women at
higher menace [23].

Advancement of Medical Knowledge
Precision medicine generates data that adds
a high level of comprehension of sicknesses
and their basic mechanisms thus
illuminating us further concerning such
ailments. Since its launching in 2018, the
National Institutes of Health (NIH’s) “All of
Us” Research Program looks forward to
gathering genetic and health information
from one million varied individuals so as to
hasten research in this area in a better way
[24].

Patient Empowerment

Patient involvement in healthcare decisions
is promoted in precision medicine. This is
done by providing patients with tailored
information on their medical risks and
treatment alternatives, which make them
better placed in deciding what care they
want to receive. Research conducted by
Yanes et al (2020), discovered that
preventive behaviours are more likely done
by individuals who got personalized genetic

risk information [25].
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Improved Drug Development

In drug development processes today, the
usage of precision medicine principles is on
the rise. With this technique, a specific
group of patients who would gain the most
from the medication is selected, leading to
expedited clinical trials. In his 2015
comprehensive analysis, Schork noted that
precision medicine methodologies might
minimize the quantity and length of trials
hence speeding up approval of drugs [26].
Addressing Health Disparities
Personalized medicine has the possibility of
solving health disparities by taking into
account genetic differences among various
races. Nevertheless, this promise can simply
become true when studies include different
kinds of individuals. This is what
undertakings like National Institutes of
Health (NIH’s) All of Us program is doing;
through welcoming individuals residing in
regions that are not represented enough [27].
Integration  with  Digital  Health
Technologies

When the precise discipline of medicine
converges with digital health technologies
like wearable items and mobile health apps,
it presents new openings that allow constant
health monitoring and unique medical
treatments. Such an interaction is capable of
supplying immediate data for treatment
choices and lifestyle advice [18].
REGULATORY CHALLENGES FOR
PRECISION MEDICINE

Precision medicine has great potential to
boost patient outcomes. However, it poses
These

peculiar challenges.

regulatory
challenges arise from the complex nature of
genomic technologies, the fast rate at which
new scientific breakthroughs occur, as well
as the necessity for balancing innovation
against patient safety. Below are key
regulatory challenges within precision
medicine domain:

Analytical and Clinical Validity of
Genomic Tests

Achieving significant challenge analytical
clinical validity genome tests posed.
Standards that need to be put in place
include determining suitable measurement
for test’s accuracy, reliability, and validity.
The intricacy of genetic data together with
its likelihood for unintentional disclosures is
what makes it even harder [28, 29].

Data Privacy and Security

The use of massive genomic & health data
in precision medicine yields grave
confidentiality issues. Authorities must
create structures that safeguard patients’
data yet allow it for research and clinical
applications. Global repercussions await
data management in precision medicine due
to the rollout of legislations such as the

Protection

(GDPR) in Europe [30, 31].

General Data Regulation
Informed Consent
We have difficulty gaining fully informed

consent in precision medicine in as much.
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This is because genetic information is
complex and there are possibilities for
incidental findings. Shaping regulatory
perspective on informed consent is
necessary to enable compliance in with
patient’s right to decide their treatment
guided by need, on one hand, and with
advantages of wide data access, on the other
hand [32].

Reimbursement and Health Economics
Creating suitable reimbursement models for
precision medicine approaches is a huge
hurdle. Evaluators and payers need to know
how much precision medicine interventions
are worth and fit them in the health systems
that already exist [33].

Regulation of AI and Machine Learning
in Healthcare

As Al and machine learning becomes more
common with precision medicine, it
presents new regulatory issues. Safety and
efficacy evaluation frameworks need to be
developed by regulators for medical devices
and algorithms that are based on Al [34].
Harmonizing International Regulations
The globalization typical of all biomedical
research and care services requires that
global standards be put in place. The
discrepancy among regulatory approaches
across nations might act as a barrier towards
related innovations [35].
Direct-to-Consumer

Controlling  of

Genetic Testing

In view of the growing market for direct-to-
consumer genetic tests, key regulatory
challenges include ensuring that tests are
valid, that consumers are educated
appropriately, and that genetic information
is protected against misuse [36].

The Ethical Use of Gene Editing
Technologies

In light of CRISPR-Cas9, there are many
moral and regulatory issues that accompany
gene editing. Therefore, in order to ensure
that research is done in an ethical way and
uses these inventions responsibly, there
needs to be guidelines set up which will
govern different regulatory organizations
[37].

Equitable Access to Precision Medicine
A central regulatory challenge is to
guarantee inclusivity in the application of
precision medicine. This should guide the
way the regulators approach the issue of
worsening of health disparities due to
uneven distribution of sophisticated medical
technologies [38].

Regulation of Multi-Omics Approaches
A number of 'omics' technologies in
precision  medicine (e.g., genomics,
proteomics, metabolomics) have made it
hard to integrate, interpret and regulate data
[39].

Pharmacogenomic Drug Labeling

The challenge of drafting suitable guidelines

for incorporating pharmacogenomic data in

drug labeling is constantly in front of
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stakeholders. Those in control need to strike

a Dbalance between current genetic
information and how drugs are practically
manufactured and distributed [10].
Regulation of Digital Health Technologies
The introduction of digital and health
innovation in precision medicine poses
significant challenges to the achievement of
data accuracy, interoperability and patient
safety [40].

Designs of Clinical Trials Based on
Adjustment

New regulatory approaches are needed to
develop frameworks for evaluating adaptive
and novel trial designs in precision medicine
development. Regulators must ensure that
such designs are rigorously evaluated from

a scientific point of view [41].

USFDA REGULATORY
PERSPECTIVES ON PRECISION
MEDICINE

The US Food and Drug Administration
(USFDA) has been

development of regulatory frameworks that

leading in the

support the progress of precision medicine
and keep patients safe and ensure treatment
efficacy. Several key initiatives and
guidelines constitute the US Food and Drug
Administration ~ (USFDA’s)  precision
medicine regulation approach:

Precision Medicine Initiative (PMI)

The Precision Medicine Initiative (PMI)
which was started in 2015, aims to boost

biomedical research and deliver clinicians,

new tools and therapies to deal with
precision medicine [1]. The US Food and
Drug Administration (USFDA) plays a

crucial role in this initiative by:

e Making regulations for Next
Generation  Sequencing  (NGS)
technologies.

e Curating databases to prove genes
validity for use in hospitals.

e Making the approval of companion
diagnostics easier.

Next Generation Sequencing (NGS) Tests
Next Generation Sequencing (NGS) tests
are crucial for precision medicine
applications; hence US Food and Drug
Administration (USFDA) has developed a
flexible approach to regulating them. In
2017, the FDA released two guidance
documents on this issue:

e Application of human public genetic
variant databases to validate clinical
validity of genetic and genomic
based in vitro diagnostics [42].

e Design, Development, and
Analytical Validation
Considerations of Next Generation
Sequencing—Based In Vitro
Diagnostics Intended for Assisting
with the Diagnosis of Suspected
Germline Diseases [43].

The purpose of these rules is to simplify the
process of regulating the NGS tests by

IJBPAS, March, 2025, 14(3)
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upholding the high standards of analytical
and clinical validity.

Companion Diagnostics

The US Food and Drug Administration
(USFDA) has established a set of procedures
aimed at ensuring the development and
validation of assays to be used in medicines
meant for individual patients. The 2014
Guidance document “In vitro companion
diagnostic devices” outlines the regulatory
approach by the agency in the control of
those tests [44].

Real-World Evidence (RWE) Program
With real-world data and regulatory
decisions in mind, the US Food and Drug
Administration (USFDA) started the Real-
World Evidence (RWE) Program in 2018
[45]. To assess the feasibility of using real-
world evidence in deciding the safety and
efficacy of products, a perspective highly
pertinent in precision medicine methods.
Biomarker Qualification Program

The US Food and Drug Administration
(USFDA’s)  Biomarker  Qualification
Program has devised a scheme for the
emergence and ratification of regulatory
biomarkers significant in precision medicine
[46]. The program helps in the utilization of
endorsed biomarkers in the procedures
related to drug approval and development.
Pharmacogenomics
Incorporation of pharmacogenomic

information in drug labeling is something

the US Food and Drug Administration

(USFDA) has done. To date, over 500 US
Food and Drug Administration (USFDA)
approved drugs have pharmacogenomic
information in their labeling as at the start of
2021. The federal agency has guidelines for
drug labeling about pharmacogenomic
information format and content [47, 48].
Accelerated Approval Pathways
The US Food and Drug Administration
(USFDA) has some paths for accelerating
approvals which are suitable for precision
therapies:

e Fast Track Designation

e Breakthrough Therapy Designation

e Priority Review

e Accelerated Approval
These pathways may speed up the process of
creating and testing new drugs to address
severe illnesses, particularly those showing
marked clinical benefits compared to other
currently used treatment approaches [49].
Innovative Designs for Clinical Trials
The US Food and Drug Administration
(USFDA) has shown openness to such kind
of innovative clinical trial design that is
especially suited for precision medicine
approaches. These include:

e Umbrella trials

e Adaptive trial designs

e Basket trials
In 2019, the agency published directions

concerning the use of adaptive designs in
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clinical trials for supporting drug
development [50].

Digital Health Technologies

The convergence of precision medicine and
digital health is hereby being recognized;
specifically, the US Food and Drug
Administration (USFDA) has come up with
some frameworks for regulating digital
health technologies. The Digital Health
Innovation Action Plan basically outlines
what they intend to do together with
protecting public health as stipulated in it by
the agency [51].

Artificial Intelligence and Machine
Learning

The US Food and Drug Administration
(USFDA) has been creating regulatory
frameworks for these systems, as Al and
Machine Learning become more critical in
applications involving the precise medical
care. Regulatory framework proposal for
SaMDs based on AI/ML describes how this
organization has viewed rapid technological
development in this direction [52].

EMA REGULATORY PERSPECTIVES
ON PRECISION MEDICINE

The European Medicines Agency (EMA)
has dedicated much effort to produce
standards that foster the improvement of
precision medicine and, at the same time,
provide security for patients’ lives and

effectiveness of treatment. The European

Medicines Agency (EMA) has some

significant steps and advice on precision
medicine regulation:

Adaptation Pathways

The idea of adaptive pathways by European
Medicines Agency (EMA) supports a
quicker and step-by-step patient reach to
new drugs, especially in the case of
personalized medicines is what the
(EMA)

introduced [53]. This approach involves:

European Medicines Agency
e [terative development
e QGathering evidence through real-
world use to supplement clinical trial
data
e Early involvement of patients and
health technology assessment bodies
Biomarker Qualification
With a precision medicine in mind,
European Medicines Agency (EMA) has put
in place a process for biomarker
qualification [54]. This process includes:
e Scientific advice on biomarker
development
e Qualification opinion on the
acceptability of a specific use of the
proposed biomarker
e Letters of support encouraging
further data generation on promising
biomarkers
Pharmacogenomics Working Party
This group offers advice for every area in

pharmacogenetics tied into sensing the value

of drugs [55]. Key activities include:
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e Developing guidelines on the use of
pharmacogenomic methodologies in
pharmacovigilance

e Providing advice on the

pharmacogenomic aspects of drug
development

e Contributing to the development of
product information relating to
pharmacogenomics

Companion Diagnostics

The European Medicines Agency (EMA)

has close working relationships with

notified bodies, which are responsible for
conformity assessments of in  vitro
diagnostic medical devices as well as
companion diagnostics [56]. The agency:
e Provides scientific input on the
suitability of a companion diagnostic
e Consults with notified bodies during
the marketing authorization process
for related medicinal products

Advanced Therapy Medicinal Products

(ATMPs)

The European Medicines Agency (EMA’s)

particular guidelines for advanced therapy

medicinal  products encompass gene
therapies, somatic cell therapies, and tissue-
engineered products [S7]. These guidelines
address:
e Quality, non-clinical, and clinical
aspects of ATMPs
e Risk-based approach to ATMPs

development

e Long-term follow-up of patients
receiving ATMPs

Real-World Evidence (RWE)

The European Medicines Agency (EMA)
has been looking into the use of real-world
evidence that can be used in the regulation
decision-making  processes, this s
particularly important in precision medicine
[58]. Initiatives include:

e The Big Data Steering Group,
focusing on the use of big data in
medicine evaluation

e Guidance on the use of registry-
based studies to support regulatory
decision-making

Data Protection and Ethical
Considerations

The European Medicines Agency (EMA)
functions under the General Data Protection

(GDPR) that has

consequences in terms of precision medicine

Regulation major
research and applications [59]. The agency:
e Provides guidance on data protection
in the context of clinical trials and
pharmacovigilance
e Collaborates with ethics committees
to address ethical issues in precision
medicine
Innovative Designs for Clinical Trials
The European Medicines Agency (EMA)
has shown openness to such kind of

innovative clinical trial design that is
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especially suited for precision medicine
approaches [60]. These include:

e Basket trials

e Umbrella trials

e Adaptive designs
Orphan Medicinal Products
A plethora of precise healthcare treatments
is aimed toward infrequent ailments. The
European Medicines Agency (EMA) is
known for its strategies in order to promote
the creation of exceptional medicine [61],
including:

e Protocol assistance

e Market exclusivity

e Fee reductions for regulatory

procedures

Paediatric Investigation Plans
In accordance with the European Medicines
Agency (EMA), all new drugs have to have
their ~ Paediatric  Investigation Plans;
precision medicine strategies should also be
developed for children when needed [62].
International Collaboration
To harmonize regulatory approaches to
precision medicine, including, the European
Medicines Agency (EMA) takes part in
international collaborations:

e The International Conference on

Harmonisation of Technical

Requirements for Registration of

Pharmaceuticals for Human Use

(ICH) [63]

e The International Medical Device
Regulators Forum (IMDRF) [64]

Artificial Intelligence and Machine
Learning
In the area of precision medicine, Al and
ML are increasingly vital in the
development of medical devices and drugs,
and so the European Medicines Agency
(EMA) is creating guidelines for how they
ought to be regulated [65].
CASE STUDIES OF PRECISION
MEDICINE PRODUCTS APPROVED
BY THE USFDA AND EMA
Several advanced therapies have been
formulated and approved due to Precision
Medicine. ~ The  transformation  in
personalized healthcare is indicated through
selected examples of precision medical
products sanctioned by US Food and Drug
Administration (USFDA) and European
Medicines Agency (EMA), which are
presented in these case studies.
Imatinib was approved in 2001 by the US
Food and Drug Administration (USFDA)
and European Medicines Agency (EMA),
the same year
When it comes to personalizing medicine in
its initial stages Gleevec marked a
milestone. In the context of CML patients
possessing the Philadelphia Chromosome,
this drug functions as an inhibitor competing

with BCR-ABL oncoprotein [66].
Key Points
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e Dramatically improved survival
rates for CML patients
e Demonstrated the potential of
targeted therapies in oncology
e Led to a paradigm shift in cancer
treatment approaches
US Food and Drug Administration
(USFDA) has approved Trastuzumab in
1998 and in 2000 European Medicines
Agency (EMA) also approved
As a monoclonal antibody directed against
HER2-positive breast cancer, trastuzumab
was one of the first instances of tying a
treatment to its corresponding diagnostic

test [67].

Key Points
o For patients with breast cancer
HER2-positive  outcomes improved

critically
o Emphasizing the significance of
biomarker testing in selecting treatment
o Paved the way for other targeted
therapies in breast cancer
The US Food and Drug Administration
(USFDA) Zelboraf
(Vemurafenib) in 2011 with European

approved

Medicines Agency (EMA) approving it a
year later in 2012

Vemurafenib was developed to target
metastatic melanoma patients with the
BRAF V600E mutation. Upon approval, a
companion diagnostic test was created for
screening these candidates [68].

Key Points

e Demonstrated quick approval based
on a huge clinical benefit
o Highlighted the importance of
companion diagnostics in precision
medicine
e Showed the Promise of Targeted
Therapies in Treating Melanoma
US Food and Drug Administration
(USFDA) Approves Olaparib (Lynparza)
in 2014 and European Medicines Agency
(EMA) approved in 2014
The PARP inhibitor olaparib was first
licensed to treat ovarian cancer with a
BRCA mutation. Since then, additional
BRCA-mutated malignancies have been
added to its list of approved uses [69].
Key Points
e First PARP inhibitor approved for
cancer treatment
e Demonstrated the potential of
synthetic lethality in cancer therapy
o Approval expanded based on basket
trial results
US Food and Drug Administration
(USFDA)

under a tissue-agnostic indication in 2017,

approved pembrolizumab
European Medicines Agency (EMA)
followed suit in 2019

Pembrolizumab received approval as the
pioneer cancer medication on the basis of an
indicator of this condition rather than just
the organ it is in. This approval is for
unresectable or metastatic solid tumors that

are microsatellite instability-high (MSI-H)
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or mismatch repair deficient (dMMR)
among both adults as well as children [70].
Key Points
e First ever approval in oncology
irrespective of tissue displayed
e Showcased immunotherapy’s
promise in customized healthcare
e Basic in cancer management is
genetic testing as it has shown
Larotrectinib (Vitrakvi) Approved by US
Food and Drug Administration
(USFDA): 2018 Approved by European
Medicines Agency (EMA): 2019
Larotrectinib targets NTRK gene fusions
across different types of solid tumors. It was
one of the first "tumor-agnostic" therapies
approved based on a common biomarker
rather than the location of the tumor [71].
Key Points
o This approval came from assessing
three clinical trials together
e In multiple kinds of cancers, rare
gene changes were found as targets
o Highlighted the importance of
comprehensive genomic profiling in
cancer diagnosis
Lumacaftor/Ivacaftor (Orkambi)
Approved by US Food and Drug
Administration (USFDA): 2015
Approved by European Medicines
Agency (EMA): 2015
This combination therapy targets specific
mutations in the CFTR gene responsible for

cystic fibrosis. It represents a significant

advance in the treatment of this genetic
disease [72].
Key Points
e The potential of precision medicine
in genetic disorders has been
demonstrated
e It is important to highlight that
understanding the molecular basis of
a disease is fundamental
o Showed the value of combination
therapies in addressing complex
genetic conditions
The US Food and Drug Administration
(USFDA) approved Nusinersen (also
known as Spinraza) and in 2016 the
substance found itself outside the borders
of the US as it was approved by the
European Medicines Agency (EMA)
Unlike any other drugs used for treatment,
Nusinersen is an antisense oligonucleotide
specifically designed for treating the SMA
which results from mutations of the SMNI1
gene [73].
Key Points
e SMA’s premier endorsed remedy
e It has shown promise for RNA-
targeting therapeutic agents
o Highlight the urgency of prompt
genetic testing along with medical
management.
The US Food and Drug Administration
(USFDA) granted its approval for

Luxturna (voretigene neparvovec) in
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2017, followed by European Medicines
Agency (EMA) in 2018
Patients suffering from retinal dystrophy
caused by a biallelic RPE65 mutation that
has been proven effective. This is also
named gene therapy with voretigene
neparvovec [74].
Key Points
e First directly administered gene
therapy approved in the USA
e Demonstrated the potential of gene
therapy in treating inherited disorders
e Highlighted the importance of
genetic testing in rare diseases
Onasemnogene abeparvovec (Zolgensma)
Approved by US Food and Drug
Administration (USFDA): 2019
Approved by European Medicines
Agency (EMA): 2020
Onasemnogene abeparvovec is a gene
therapy for spinal muscular atrophy (SMA)
caused by mutations in the SMN1 gene [75].
Key Points
e One-time gene therapy for a severe
genetic disorder
e Demonstrated the potential of AAV
vector-based gene therapies
o Highlighted regulatory challenges in
pricing and reimbursement for high-
cost, one-time therapies
FUTURE OUTLOOK FOR PRECISION
MEDICINE REGULATIONS

With quick evolution of precision medicine,

regulatory frameworks need to change along

with scientific advancements but in a way
that ensures patient safety as well as ethics.
Future perspectives toward precision
medicine regulations are expected to have a
significant emphasis on several core aspects:
Adaptive Licensing and Real-World
Evidence (RWE)

Regulatory Agencies are likely to develop
adaptive licensing approaches even more
and use real world evidence (RWE) to make
regulatory decisions better [76].

e Integration of real-world evidence
(RWE) in post-marketing
surveillance

e Development of standards for real
world evidence (RWE) quality and
analysis

e Refinement of adaptive pathways for
precision medical products

Regulation of Artificial Intelligence and
Machine Learning

As Al and ML are increasingly situated in
the nucleus of precision medicine;
regulators must adapt this evolution by
putting in place more holistic frameworks
for this technology [34].

e Validation of AI/ML algorithms in
healthcare

e Regulation of continuous learning
Al systems

e Ethical considerations in Al-driven

medical decision-making
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Next-Generation Sequencing (NGS) and
Multi-Omics Approaches
The complexity of Next-Generation
Sequencing (NGS) and multi-omics data in
diagnostics and treatment selection has to be
addressed by regulators wusing Next-
Generation Sequencing (NGS) and Multi-
Omics Approaches [77].
e Standardization of Next-Generation
Sequencing (NGS) test validation
e QGuidelines for interpretation and
reporting of complex genomic data
e Regulation of integrated multi-
omics approaches
Gene Editing and Advanced Therapies
Advancing gene editing technologies like
CRISPR-Cas9 and cell therapies at such a
pace will necessitate the evolution of
regulatory frameworks [78].
e Safety and efficacy standards for
gene editing therapies
e Long-term follow-up requirements
for advanced therapies
e Ethical guidelines for germline gene
editing
Data privacy and security
As large-scale data sharing is crucial for
precision medicine; laws will also have to
juggle data usefulness and privacy
protection [30, 31].
e Development of secure data sharing

platforms

e Implementation of dynamic consent
models

e Regulations for cross-border data
transfers

Patient-centered methods and health
equity

It is likely that regulators will focus more on
equitable access to precision medicine and
patient participation [79].

e Integration of patient-reported
outcomes in regulatory decision-
making

e Guidelines for inclusive clinical trial
designs

e Policies to promote equitable access
to precision medicine

Pharmacogenomics and Drug Labeling
Ongoing regulatory adaptations are required
for integrating pharmacogenomic
information into drug development and
clinical practice [15].

e Standardization of
pharmacogenomic  testing  and
reporting

e Guidelines for updating drug labels
with new genomic information

e Regulation of direct-to-consumer
pharmacogenomic testing

Regulatory Science and Capacity
Building
There is still a need for regulatory agencies

to build their scientific capabilities so that
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they can evaluate complex precision
medicines [80].
e Training programs for regulators in
genomics and bioinformatics
e Collaboration  with  academic
institutions and industry
e Development of computational tools
for regulatory review
CONCLUSION
The review we have conducted at the
regulatory approaches of both the US Food
and Drug Administration (USFDA) and the
European Medicines Agency (EMA)
towards precision medicine pointed out the
following. Indeed, it is true that they admit
the ability of precision medicine to improve
the results of a patient though notable
differences can be observed in their
regulations. The US Food and Drug
Administration (USFDA’s) adoption of a
more proactive stance and implementation
of a variety of guidance documents for
companion diagnostics in addition to
genome sequencing tests contrasts with the
European Medicines Agency (EMA’s)
strategy, which is more evolutionary and
based on repurposing existing frameworks
to address precision medicine technologies.
The two organizations face the same
difficulties such as the need to standardize
the validation process of biomarkers; ensure

data privacy and other issues stemming from

the complexity of combination products.

The distinction between the two lies in the
manner they deal with them where the US
Food and Drug Administration (USFDA)
provides more detailed rules as compared to
European Medicines Agency (EMA) based
on principles. In the future, closer
cooperation among these regulators would
enable global precision medicine product
development. In addition, both agencies
have to further refine their frameworks to
match fast-paced technological changes in
the industry. We require further studies to
analyze the innovation horizon, access to
markets, and patient outcomes of precision
medicine that has had long-term effects due
to certain regulations.
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