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Abstract Authors

Personalized medicine, precision medicineriyanshi Singhal
and precision health as approaches to healthdaepartment of Biotechnology
that emphasize tailoring treatments to . B Lal Institute of
individual's unique biological, behavioral, anBiotechnology
environmental factors. These terms are sometindagour, India.
used interchangeably, but personalized medicingig/anshil7singhal@gmail.com
considered broader than precision medicine,
encompassing a wide range of health factoMatasha
Precision medicine specifically focuses on genon8chool of Life Science, Department
and physiological biomarkers. These approacledBiotechnology
aim to prevent, diagnose, and treat diseases withamia Hamdard University
the healthcare system. Precision health representgew Delhi, India.
broader framework that includes public health andtashachoudhary1908@gmail.com
consumer health management. The chapter
highlights the principles and advancements of
personalized and precision medicine, the shift from
a "one size fits all* paradigm to individualized
patient identification, diagnosis, and treatment,
leveraging genomics and molecular diagnosis. The
goal is to maximize therapeutic efficacy while
reducing the risk of drug toxicity. The study
emphasizes the potential of personalized medicine
to improve target selectivity of drugs, enhance
clinical trial success, and develop personalized
treatment strategies. Additionally, the chapter
mentions the application of personalized medicine
and challenges faced during data collection,
medicine development, and clinical trials. Overall,
personalized medicine offers a promising approach
for better healthcare, focusing on prevention,
prediction, and treatment tailored to individual
needs based on their genomic makeup and other
factors. The emergence of genomics and
translational genetics has provided powerful tools
for clinical diagnosis, disease prediction, high
throughput screening, and the development of
personalized therapies and vaccines.
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. HISTORY

In the early 1900s, blood types were found inftblel of transfusion medicine in the
early 1900s, which led to better matching of domod recipient blood and improved
transfusion results in origin of personalized medic Hippocrates, who often referred to as
the "Father of Modern Medicine," highlighted thduenof individualized therapy by putting
an emphasis on patient-specific factors, such @s surroundings, nutrition, and lifestyle.
The term "personalized medicine” was first intraglilign a 1999 article in The Wall Street
Journal, that discussed the establishment of theglé&i Nucleotide Polymorphisms
Consortium, which aimed to target medications basedhe distinctive genetic profiles of
individuals.The Wall Street Journal article wasulgshed by the Oncologist 20 years ago,
became the first journal to introduce the idea efspnalized medicine to the medical
community, a topic that they have covered and ptechexcellently ever since.[1]

II. INTRODUCTION

The healthcare industry has recently seen a mamadghange in favor of a more
individualized and focused approach to patient.céhes ground-breaking method, referred
to as personalized and precision medicine, is dhgrthe expression of medical practice and
has the potential to completely reshape healthe@reve now know it.[2]Personalized
medicine is the process of utilizing a person'segjerprofile to guide decisions on avoiding
illnesses, diagnosis, and treatment, accordingn@éoUS National Human Genome Research
Institute. Based on the patient's genetic inforamtthis method entails choosing the suitable
medicine or therapy and figuring out the right daseregimen.[3]By understanding the
individuality of people and their healthcare negmssonalized medicine moves away from a
one-size-fits-all approach. To customize therapyefach patient's requirements, it takes into
account a variety of variables, including genetatad biomarkers, and medical history[3].
Precision medicine, according to the US Nationahcea Institute, is defined as the use of
genetic or protein information to treat, diagnaseprevent disease. In the context of cancer,
precision medicine especially makes use of datardégg a patient's tumor to help with
diagnosis, therapy planning, efficacy evaluationpotcome prediction.Precision medicine,
takes ideas a step further by utilizing cutting-edgchnology and data analysis to
comprehend the molecular pathways behind illnedsssives to produce targeted medicines
that focus on treating a disease's underlying caussulting in better results, decreased side
effects, lower costs, and increased patient wetighe (National Human Genome Research
Institute, n.d.). Bothpersonalized medicine anctigien medicine center on using a patient's
genetic information to inform medical decisions. tlBBocemphasize the use of genetic
information in modifying medical therapies for sgiecindividuals and seek to provide
customized medical treatments that are specificalbtched to each patient's individual
needs, genetic composition, and lifestyle by ugimg power of cutting-edge technology,
genomic sequencing, and extensive data analyticsnmguing concept advances that
suggests that a true "personalized medicine antlhheaust take into account a person's
surroundings and living conditions in addition bhe tiological aspects of their illness. Such a
strategy implies the existence of environmental andio-economic data, which rarely
appears in medical records or are just not roytileelked for by physicians. [4]

Copyright © 2024 Authors Page | 172



Futuristic Trends iiBiotechnology
e1SBN: 978-93-6252-103-3
IIP Series, Volume 3, Bo(5, Part 5, Chapter 3
HARNESSING THE POWER O
PERSONALIZED MEDICINES: STEPS AND INNOVATION

Individuals are phenotyped at the "omics" level enofrequently than th
environmental levels (such as the physicochembehavioral psychological, and soci
levels), which are rarglphenotyper

Personalizé medicine benefits irmproved therapeutic results, fewer side effectd,
cost effectivenesslhe necessity for infrastructure and educatignyall as difficulties witt
data interpretation, concerns about privacy, agdleions, are underline
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Figure 1: Types of trials depicting all three trigls]

1. Umbrella Trials. A precision medicine strategy known as umbrellaldéricompare
several targeted treatments at once against vanmlecularly distinc subtypes of a
given disease or condition. Patients are groupedrding to certain genetic or molecu
abnormalities, and then they are allocated to iqodar treatment group that specifica
addresses the abnormal aiming to address inter-patiefneterogeneit Multiplex
Biomarkers assays and thorough molecular proféirggused in umbrella trials to ident
individuals who are more likely to react to a paustar drug, improving treatme
accuracy and raising the likelihood that specifatignts would have positive outcome
The prognostic and predictive functions of biomaskean be differentiated in umbre
studies by using single randomizedarms. However, due to the difficulty in generat
multiplex tests and the difficulty in admng patients with uncommon disorde
umbrella studies encounter difficulties. Succesafubrella studies in patients with lu
cancer and breast cancer include Lung Cancer M&stg¢ocol (Lun-MAP), Adjuvant
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Lung Cancer Enrichment Marker Identification andj&ncing Trial (ALCHEMIST), I-
SPY-2, and plasma MATCH. A more streamlined aneaife method of assessing
targeted drugs, real-time modifications based ow data, and the development of
precision medicine are all advantages of umbrabdst[6], [7]

Basket Trials. By segregating patients into groups according tdage molecular
biomarkers rather than tumor type, basket triaks arprecision medicine strategy that
assesses the efficacy of targeted drugs acrossietyvaf tumor forms.[8] The same
targeted drugs is used to treat patients with uartamor types who also share a common
genetic or molecular mutation. To increase the cbarf a successful treatment outcome,
basket trials use biomarker-driven screening tectehdividuals who are likely to benefit
from the targeted drugs under investigation. Thesjility for identifying therapeutic
targets and therapies for uncommon or less frequembr forms, a more effective use of
resources, and the growth of precision medicinealireenefits of basket trials. [9]These
studies often involve patients who have had a nurob&#eatments and have a variety of
tumor types, or individuals who have tried all centional treatments. Targeted
therapeutics assessed in basket trials have showumth greater response rates than
conventional treatments, despite poor response pelicted in the following phases of
treatment.For individuals whose precise tumor typag not be individually investigated,
genomic biomarkers are essential in determining liest immunotherapy or gene-
directed treatment. The use of pembrolizumab inonsnmwith high tumor mutational
burden (TMB-H), Larotrectinib and Entrectinib inntors with NTRK fusions, and
pembrolizumab in tumors with mismatch repair defcy/microsatellite instability-high
(dMMR/MSI-H), are examples of successful basket$t]6], [7]

N-of-1 Trials: N-of-1 studies in precision medicine assess inldialized treatment
regimens for individuals while taking into accodineir distinct genetic profiles. Because
cancer is a very complicated and varied diseagsgetbtudies are particularly significant
in oncology. N-of-1 studies attempt to enhance @uies for patients with a variety of
tumor types by maximizing options for treatmentotigh personalized combinations.
New combinations are still being tested in ongoMgf-1 studies on various patients.
Researchers can ascertain if a patient reacts daloror unfavorably to a certain
treatment by performing well-designed N-of-1 stgdi®esults from several N-of-1
studies can be combined to provide important kndgdeabout how to treat certain
groups of people or the entire community. The sseaaf N-of-1 studies depends on
overcoming practical obstacles, using health momigotools, creating novel biomarkers,
and promoting a cultural shift in healthcare delyveystems. Additionally N-of-1 studies
may also be used in early drug development, drggmirposing, dose and safety
evaluation, and illness onset detection. For treatsn based on genetic make-up,
biochemistry, food, and other aspects, algorithms laeing created. By gathering
appropriate information often, utilizing statisficprotections, and utilizing control
interventions, N-of-1 studies can be utilized tonpare treatments. These trials have
demonstrated to result in prescriptions that areensmuccessful by analyzing the data
before and after various therapies.[6], [7]
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IV.STEPSIN PROCESS OF PERSONALIZED MEDICINE
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Figure 2: Major steps involved in the process of PM.

1. Data Collection and Patient Profiling: The first step in the procedure is to gat
detailed information on the patient, including theinical history, genetic angenomic
makeup, environmental and epigenetic influences, ahdrgbertinent biomarke

2. Biomarker ldentification: Identification of the patient's particular illness diseas-
related biological indicators (biomarkers) is donsing the data gathere(These
biomarkers can predict illness risk and prognosi$ @t as quantifiable indicators of f
patient's biological conditio

3. Risk Assessment And Diagnosis: Use the biomarker profile to monitor and sur
patients, determining each person's own maoar traits to determine their risk f
various illnesses and ailments. Presspecializedtherapies that are tailored to 1
biomarker profiles of each patient to precisely tribeir unique medical nee:

4. Integrative Biological Marker Integration: Utilize integrative biomarkers) to tree
patients who are naick. The goal is to anticipate disease risk categorize disease
subtypes, including patient groupings with compkeratolecular variance

5. Biomarker Trait And Analysis. Make sure that biomarkers may be independe
evaluated and analyzex$ indicators of typical biological processes, pkical states
or pharmacological reactions to treatment intenogsi

6. Individual Health State Determination: To ascertain a persenhealth state or illne:
condition, biomarkers may lutilized singly or in combinatian

7. Predictive Biomarkers For Biological Treatments. Identify predictive biomarker:
such as genetic and immunological variables, thedlipt how patients will respono
biological treatments.

8. Confirmation and Validation: To verify the accuracy and dependability of prade
biomarkers, thoroughly validate them through inigedions and resea.

9. Integrating P5 MedicinesIntegration: The digital revolution with cuttig-edge medical
technology to promote P5 medic—personalized, predictive, participative, precise]
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preventative. This branch of medicine strives to participative, customized,
preventative, and predictive at the populationlleve

10. Patient-Centered Strategy: Personalized medicine maintains a patient-centéoveds
throughout the process with the goal of offering tmost appropriate and efficient
therapies for each person based on their partichialogical make-up and health
situation.

Table 1: Thetable above includes a wide variety of FDA-approved drugs, each carefully
chosen for its own target sitefor various death threatening diseases. The Food and Drug
Administration (FDA) of the United States has placed these drugs through extensive
testing and assessment to guarantee their safety and effectiveness in treating a range of
medical diseases.

S.No | Drug Name Target Site References
1. Adotrastuzumab| Breast cancer [10]
Emtansine
2 Atezolizumab Urothelial carcinoma, non -smatidwcancer | [10]
3. Binimetinib Metastatic Melanoma [11]
4. Burosumab -twza X-linked hypophosphatemia [11]
5 Cemiplimab-rwic| Cutaneous squamous cell carcinoma (CSCQ)1]
Adenosine deaminase severe combiped
immune deficiency (ADA-SCID)
6 Cetuximab Metastatic Colorectal cancer [10]
7. Cobimetinib Melanoma [10]
8. Dabrafenib Melanoma, non- small lung cancer ]1[10
9 Dacomitinib Advanced non- small cell lung cancfl]
(NSCLC)
10. Defarasirox Thalassemia [10]
11. Enasidenib Acute myeloid leukemia [10]
12. Ibalizumab-uiyk | HIV-1 infection [11]
13. Imatinib Aggressive systemic Mastocystosis, [10]
Mesylate Gastro intestinal stroma tumor,
Myelodysplastic syndrome
14. Lanadelumab- | Type | &ll Hereditary angioedema [11]
flyo
15. Larotrectinib NRTK gene fusion solid tumor 0J1
16. Migalastal Fabry disease [11]
17. Olaparib Ovarian cancer, breast cancer [10]
18. Pegvaliase -pqpz  Phenylketonuria [11]
19. Pembrolizumab MSI-H or DMMR solid tumor [10]
20. Tafenoquine Plasmodium vivax Malaria [11]
20. Tezacaftor Cystic fibrosis [11]
21. Trastuzumab Metastatic breast cancer, gastricer [10]
22. | Venatoclax Chronic lymphocytic leukemia [10]

V. EMERGING TECHNOLOGIESIN PRECISION MEDICINE
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1. Biomarker Discovery: Next-generation sequencing (NGS) and other tecigiedohave
played a significant role in the implementation pyecision medicine. For example -
single molecule array (SiMoA) and fiber microarraygich have been used to detect
changes in biomarkers for diseases like prostatecetaand cystic fibrosis. These
approaches help differentiate patient subgroupscanctlate well with disease severity.
Microfluidic technologies have been used to detewat levels of biomarkers in small
volumes of fluid. For instance, a microfluidic deziwas employed to detect circulating
tumor cells (CTCs) associated with hepatocellularcinoma (HCC) by depleting
hematopoietic stem cells. This allowed for the dgwment of an RNA-based signature
that accurately detected HCC-derived CTCs.Singlleam®alysis using techniques like
Raman micro-spectroscopy and multi-plexed imagiag heen utilized for biomarker
discovery. Peptide arrays now enable monitoring lofv-affinity protein-ligand
interactions, offering novel strategies for moririgrand drug discovery.

2. Precision Diagnostics And Biosensing: In comparison with conventional methods like
imaging or blood draws, emerging technologies likerofluidics and nanofluidic
provide great sensitivity and specificity for biorker surveillance and enable more
frequent outcome monitoring. Thrsough an understgndf biological heterogeneity,
single-cell analysis, which is developing quickpyromises new insights into disease,
including cancer. Engineers have developed deviwdscan isolate rare cell populations
to understand disease contributions or make didignasd therapeutic decisions. The use
of antibody cocktails and digital pathology algbnits aids in classifying and tracking
circulating tumor cells (CTCs). Technologies likeyTOF allow comprehensive
interrogation of heterogeneity in driver mutatioaad drug resistance.Longitudinal
studies are needed to understand disease progremsib resolve genomic signatures.
Liquid biopsies offer a promising approach for reale disease monitoring and
predictive drug action, using CTCs, exosomes, @hdrdiological factors for analysis.
These technologies have the potential to enablevithailized therapy and improve
treatment outcomes based on the identified biomsrke

3. Precision Therapeutics: CRISPR and zinc finger nucleases (ZFN), both nosthior
gene editing, offer the potential to repair damagetes in a variety of disorders,
including cancer, HIV, mucopolysaccharidosis Il (t#er Syndrome), Duchenne
muscular dystrophy (DMD), and others. The efficafyZFN-based genome editing
therapy for MPS |, severe hemophilia B, and HIVrfection is being examined in
clinical trials. Precision medicine has also demehdeavily on molecularly targeted and
antibody treatments, with several approved drugs d anpatient-
specificdrug prioritization techniques based onatiah databases. The use of CRISPR to
fix genetic errors in DMD and tumor profiling to gulict treatment outcomes in
melanoma using the expression of programmed cathderotein 1 (PD-1), PD-L1, and
cytotoxic T lymphocyte-associated protein 4 (CTLAate two examples of preclinical
advancements. To increase the effectiveness of BRI&sed treatments, novel delivery
techniques including nanoparticles are being erplofor instance, gene editing for
DMD and excessive cholesterol levels has showednpiat for lipid nanoparticles and
gold nanoparticles, respectively. Spherical nuckas (SNAs), a kind of nanocarrier
used for RNA interference, have successfully progfactive gene silencing in several
cell lines, suggesting possible uses in the treatmmiecancer.
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Figure 3: List of emerging technologies on precision meaicin
VI.EMERGING TECHNOLOGIESIN PERSONALIZED MEDICINES

1. Role of Bioengineering in Personalized Medicinee In  order to
advance personalized medicine and make patientfigpérerapies more accurate and
successful, bioengineering is becoming increasimgigortant. Since biomaterials can
have a variety of impacts on cell fate and pradifem, it is important to design them with
specific disease indications and organ settingamind. By simulating organ-scale
complexity, systems for organ-on-a-chip have thpootunity for individualized toxicity
and drug screening research. Emerging technolagies wearable’s can get beyond
testing frequency restrictions for rapid and acturaeatment response evaluation,
enhancing personalized therapies. In order to taeabriety of diseases, the area of
personalized medicine is increasingly growing tacanpass digital treatment. The
emphasis on using an individual's own data to cote their care and achieve continual
treatment optimization is a defining characteristidchese methods. In order to advance
personalized medicine and make patient-specificafhes more accurate and successful,
bioengineering is essential.

2. Artificial Intelligence, Machine Learning, and Personalized Treatment: The standard
method of choosing the optimal therapies for spe@éhtients involves conducting dose-
escalation-based studies to determine medicatisagl#s and drug combinations. Given
the nearly endless parameter space these congdsraroduce, Al and ML systems
provide the ability to continually determine thesbeedicine dosages and combinations.
Additionally, Al is being used to improve diagnasimaging and direct patient-specific
therapy. New Al-based platforms show the criticgak Ibetween dosages of drugs and
drug choice while offering a mechanistically-nelgptimization strategy. Insights into
the processes behind globally optimized results reaylt from this optimization, which
might result in the addition of novel drug candetato the design pools for combination
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therapies. Clinical trials have effectively applig@tloptimization platforms to tailor post-
transplant immunosuppressant and improve combmatéatment regimens for a variety
of disorders. The potential uses of Al are growimdields like single-cell interrogation
platforms, adaptive radiotherapy, and digital tpess. The clinical validation of
innovative therapeutic methods can be acceleratedtégrating organ-on-a-chip systems
with Al-based screening techniques that can ref@icamplicated organ function.

. Wearable and Implantable Sensors. Wearable technologies provide individualized
drugs and dosage optimization by providing rigor@asmtinuous monitoring of numerous
health markers. Soft electronics provide glucogesieg and cystic fibrosis monitoring
without fingers tick testing by analyzing sweafrge skin interstitial fluid, and saliva to
assess analytes non-invasively. These tools magbleeto recognize unique biomarker
signatures. In clinical trials, wearable technolagybeing investigated for preoperative
risk prediction, diagnosing and treating chronicstolictive pulmonary disease, and
tracking cardiovascular therapy. Mobile applicatisaftware can be used in neuro
cognitive evaluation to examine brain health fomdatia, depression, and Alzheimer's
disease. The limitations of traditional in-cliniesting can be solved by Smartphone
assessment methods, allowing for more frequentsassnts and in-depth analysis of
variability and practice effects. The increasinggirency and scale of data gathering
made possible by wearable’s and mobile health tdolgres improve data action ability,
obviating the requirement for traditional methodsd aenabling the development of
individualized treatment plans. Wearable technolbgg the potential to advance both
precision and personalized medicine as data trexpand, providing patients with new
treatment options and ideas.

Personalized Cell Therapy and Drug Delivery: The acceptance of CAR-T (chimerical
antigen receptor-T) cell immunotherapy is a sigaifit development in the field of

personalized cancer treatment. In order to incr&a8R-T scalability and lower the

danger of mutagenesis, non-viral techniques likecturoal transposition and

CRISPR/Cas9 are being investigated. Type 1 diabextels multiple sclerosis are two
diseases that are treated on an individual basig usduced pluripotent stem cells
(IPSCs). Genetic disorders brought on by abnormaaliin mitochondrial DNA can be

treated by mitochondrial replacement therapy (MB¥nthetic cells are intended to
function as biosensors that can autonomously dig&itherapeutic payloads and identify
diseases. Individualized drugs delivery technigeiesh as personalized 3-D printing and
biomaterial-mediated controlled release are prormgidNano medicine-based combination
therapy is gaining popularity, and enhanced Al @ng utilized to create population-

optimized combinatorial nano therapy. These dewelgs show the promise of
personalized drugs to provide personalized drugsratments.[12]
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Figure 4: List of emerging technologies in personalized miegic
VIl. CONCLUSION

The discipline of adapting medical treatment tohepatient's unique genetic profile
and disease characteristics is known as persodatmsglicine. Clinical trials are evolving to
take into account patient variability and the depehent of biomarkers for targeted
medicines. Accurate forecasts and individualizedtinent suggestions are made possible by
integrating various data sources and cutting-eaggbnology like machine learning. New
technologies provide new prospects for early desementification and better patient
outcomes, such as liquid biopsies and next-gelerasequencing. Despite obstacles,
personalized medicine has the power to transforatthh@are by enabling genuinely unique
and efficient therapies for every patient, therebhigzancing overall wellbeing.
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