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PERSONALIZED MEDICINE: AN INNOVATION IN HEALTH-CARE SYSTEM
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ABSTRACT

Personalized medication (PM) is a wide and progressed field of medical science with more accuracy of medication to educate every individual’s 
clinical data. This model categorizes individuals within discrete subject groups with medical accountability, utility, or products being customized 
to each group based on their expected response. It is an emergent and rapidly developing method of clinical practice which utilizes advanced 
technologies that give a conclusion concerning to the prognosis, prevention, recognition, and treatment of diseases. The advantages is to improve the 
usefulness of PM over traditionally approved drugs due to less toxicity and side effect with therapeutic efficacy, which leads to patient stratification, 
proactive treatment regimens resulting in reduced health-care costs, and ultimately enhanced the quality of life. This review focused to an extensive 
understanding of personalized medicines as a major therapeutic approach to overpass the health-care problems and highlights the challenges, current 
strategies, and future prospective.

Keywords: Personalized medicine, Theranostics, Autoimmune diseases, Imaging protocols, Proteomics.

INTRODUCTION

The vision of medication in the 21st  century is all about “the right 
drug at right dose with right time for right patient.” Since the past two 
decades after the accomplishment of the human genome first project 
(the concept of personalized medicine), there is a proliferation of 
pharmaceuticals and scientific promises of the health-care system and 
revolution [1-3]. With the ability to generate, examine, and interpret 
genomic-determined information in a useful and economical way, 
genomics and the logical research of genomes, DNA groupings, and 
the functional interaction of their genes have flourished to fast drive 
emerging breakthrough [4]. PM approach is a completed increase of 
standard technique (one-size-fits-all) to extend our ability to predict 
which clinical prescriptions which will be secured and strong for the 
individual patients, and which ones will not be, on account of the 
patient’s, and which ones won’t be, because of the patient’s one of a 
kind hereditary profile. Information on PM works with prior infection 
recognition by employing improved utilization of existing biomarkers 
and recognition of ahead of schedule genomic and epigenetic occasions 
in infection advancement, especially carcinogenesis or chronic diseases. 
This review focused on an extensive understanding of personalized 
medicines, current strategies their challenges, and prospects.

WHAT IS PERSONALIZED MEDICINE?

Personalized medicine (PM) incorporates an expansive and developing 
field in health care concerned with patient distinctive data and biological 
indicators such as clinical, hereditary, genomic, and environmental 
information [5]. Along these lines, PM is resolved to review, screen, 
and analyze hazards to give furthermore, present patients with 
explicit medicines crossing from their subatomic and specific diagram. 
However, PM develops the understandings that exist (e.g., personalized 
and accuracy), its main goal is to propose and redesign medication by 
combining biomarkers to treat patients rather than diseases (Fig. 1).

PERSONALIZED TO PRECISION MEDICINE

PM expects on affected individuals dependent on epigenetic nature 
and their hereditary and subatomic groups. This incorporates 
the estimation of ailment predisposition, screening furthermore, 

preliminary determination, pharmacogenomics estimations, and 
disease course monitoring [6].

High-throughput omic advancements (genomics, transcriptomics, 
proteomics, and metabolomics) have recently caused an increase in 
data input on sound and impacted persons [7]. PM, covering terms, for 
example, personalized and accuracy may be termed as an outcome of 
translational medication, characterized as research to further develop 
well-being and life span by deciding the significance to human illness of 
novel revolutions in the biological sciences. Translational medication 
is a bidirectional idea, which incorporates seat-to-bedside factors that 
seek to expand the effectiveness of therapeutic methodologies tried in 
people and bedside-to-seat factors that give feedback about the impacts 
of treatment. Assessments rely on technologies for diagnosing the 
disorders and generating innovative hypotheses that based on direct 
human perception [8].

PERSONALIZED MEDICINE AND FAMILY HEALTH HISTORY (FHH)

FHH is crucial for the conveyance of individual well-being hazard data. 
A potent FHH can enhance hereditary-based hazard data and connect 
it into patient consideration because it is a combination of common 
hereditary, medical problems, and life sciences components. FHH 
evaluations along with PM would assist with distinguishing people 
at higher danger for illness, empowering protective and preventive 
advances, well-being screening, testing, and preliminary treatment as 
necessary [9,10].

PERSONALIZED MEDICINE AND THE HUMAN GENOME

The consolidation of data from genomes, their sequences, and their 
ancillary components is currently strengthening the PM (namely, 
ribonucleotides, nucleic acids, and metabolites) into clinical 
dynamics: Genome-based well-being measures can be utilized to 
foresee hazards, screen for transporters, set up clinical diagnosis 
and prognoses for people, and direct clinical management [11]. 
Subsequently, human genomic data currently permit suppliers to make 
streamlined consideration plans at each phase of an illness, moving the 
concentration from reactive to preventive well-being care [5,12]. At 
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present, treatment for chronic disease (red line) happens at the stage in 
the disease process represented by “typical contemporary intervention” 
– a phase in the disease process where treatment is most expensive and 
reversibility prospects are slim. Professionals can use novel genome-
based biomarkers to determine the risks and events of a disease [5].

STRATEGIES OF PM

PM used on autoimmune disease
If medical services providers can forecast the course of infection at 
that point in time as an internal (genome and epigenome) and external 
(autoimmune ecology) element, medication can be administered 
in a tailored manner from the primary patient’s encounter. When an 
infection has fully developed, using secondary and tertiary prophylaxis 
tailored to each group of patients is a must [13].

Alzheimer’s disease is a complex genetic disease that appears to 
accumulate disease burden, a condition known as autoimmune 
tautology. The long-term clinical expression of a specific AD or 
an aggregate of ADs is dependent on the interaction of normal 
and explicit HLA, non-HLA alleles with certain epigenetic and 
environmental factors [14]. Risk scores have been established using 
unique numerical models and methodologies; in any event, these 
are better applied to patients that share infectious pathways that 
determine phenotypes [15].

In-between the diseases, proposals centered toward the development of 
PM models, there are hopeful and sceptical suppositions. The primary 
intention is to input additional data accessible which will continue 
research nearer to the subatomic starting points of infection, therapeutic 
targets, and making of exceptionally viable medications [16]. Despite 
the high cost of ADs, intervention on ecological intermediates is based 
on a main avoidance strategy; they cannot be totally avoided or healed.

EXEMPLARY ILLUSTRATIONS OF PERSONALIZED MEDICINE

There have been a considerable number of instances of mediation 
customized for each patient profile, essentially every one of them 
dependent on hereditary profiles. Before giving a couple of exemplary 
models, it ought to be underlined that customized medication can be 
rehearsed for the treatment of ailment, yet additionally for the early 
discovery and counteraction of infection.

Numerous early instances of personalized medicines were related to 
hereditary interceded pharmacokinetic parts of medications. This was 
expected to some extent to the comprehension of medication utilizing 
proteins and the task they are performing inside the body in response 
to drugs. An amazing introduction to the pharmacogenetic properties of 
drugs as well as hereditary variations in factors that affect the viability of 
drugs (especially with respect to hereditary variations in drugs utilising 
catalysts) [17]. Warfarin is generally utilized as an anticoagulant drug 
that, if not taken as expected, could cause perilous ADRs. Warfarin 
focuses on a specific quality, VKORC1, and its metabolism happens 
to an extent by gene CYP2C9. Normally, it is heredity assortment in 
both the VKORC1 and CYP2C9 characteristics prompts variety in the 
pharmacodynamics and pharmacokinetic parameters of warfarin 
among people, eventually showing variation in people’s reactions to 
warfarin. The US Food and Drug Organization has hence suggested that 
dosing for warfarin should be dependent upon a person’s genotype (i.e., 

the portion should be customized for individuals dependent on explicit 
hereditary variations they have in the VKORC1 and CYP2C9 genes).

Primaquine is yet another excellent example of a drug that should be 
administered to persons with a certain hereditary condition (PQ). PQ 
has been utilized to treat malaria effectively in a few regions in the 
world where malaria is indigenous. In any case, armed forced medical 
practitioners working previously detected that some of the troopers’ 
diagnosed by them for malaria were given the medication that became 
icteric and lethargic.  When symptoms finally emerged, “acute hemolytic 
anaemia” was given a name (AHA). Subsequently, it was being shown 
that the people displaying AHA after primaquine conveyed variations 
in the G-6PD gene [18]. At present, the medical practice with PQ, 
therefore, requires the genotyping of each and every patient to check 
whether they convey applicable variations in the G-6PD quality which 
may debilitate primaquine usage for them.

CURRENT EXEMPLARY ILLUSTRATION OF PERSONALIZED 
MEDICINE

When a patient has a specific hereditary indicator, medications like 
warfarin, PQ, and imatinib appear to just work without adverse 
reactions. This has made a significant impact on identifying factors, 
like hereditary variations, that affect a person’s reaction to many 
medications and interventions. This goal in developing personalized 
pharmaceuticals to treat disease and disorder has expanded to 
include tailored disease surveillance (i.e., early detection shows) and 
personalized infection prevention techniques.

MUTATION-SPECIFIC THERAPIES

Rather than promoting medication and then identifying characteristics 
that reduce its viability through observational studies on people who 
have received it, as is the case with warfarin, PQ, and imatinib, there 
are now efforts to identify, namely, hereditary profiles of patients and 
afterward provide treatments that remarkably focus on the profiles. 
The medication ivacaftor was developed to treat cystic fibrosis (CF) 
patients who have extremely particular pathogenic abnormalities in the 
nature of CFTR [19].  An “entryway-like” structure in the CFTR quality’s 
encoded protein that can open and control the advancement of salts 
throughout cells coordinates with another structure in the protein that 
is also encoded for the CFTR quality. On the off chance that the CFTR 
quality is useless, the gate is shut, causing the development of body 
fluid and constituents in the lungs. Various changes in the CFTR quality 
lead to various kinds of dysfunction. Different transformations prompt 
the gate mechanism to dysfunctional. Ivacaftor is intended to open the 
entryway for longer timeframes within the sight of specific changes that 
will in general leading the entryway to be closed. As a result, ivacaftor 
is only important for the small proportion of CF patients whose CFTR 
mutations cause this specific gating problem.

Another example includes the arising cancer treatments such as 
immune therapy. Although there are many sorts of immune therapy, 
every one of them tries to prime or trigger a person’s safe framework 
to attack a malignancy. One type of immune therapy makes use of 
“neo-antigens,” which are frequently equipped for raising a safe 
reaction when perceived appropriately by the host’s immunity cells, 
and which emerge in a malignant growth patient’s cancer cells, 
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Fig.1: Process for the development of personalized medicine
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and which are regularly equipped for raising a safe reaction when 
perceived appropriately by the host’s immunity cells. Ultimately, this 
type of immunotherapy works by extracting cells from a patient that 
intervene in that patient’s immune response, similar to T cells, and 
then directing those cells to expressly see and spotlight on the neo-
antigens found in the patient’s malignancy. These altered cells are then 
reintroduced to the patient’s body to attack the cancer development 
cells that are conveying the neo-antigen signals. This type of cytotoxic 
T-cell medication, like most immunotherapy, has had some success, 
although it can be quite tolerable for two reasons. To begin with, a 
patient’s neo-antigen profile may be exceedingly unique, to the point 
where cytotoxic T cells are induced to recognize and attack a specific 
set of antigens. Second, if “autologous” forms are utilized, the patient’s 
T cells are adjusted and so are not compelled to fill in for another 
patient, despite efforts to generate “allogeneic” forms in which one 
individual’s T cells are modified and transplanted into the body of 
another patient [20].

CUSTOMIZING EARLY DETECTION STRATEGIES

If a person is predisposed to an illness or a return of a sickness, that 
person should be monitored. To make claims concerning verification 
or indicators of sickness or a pathogenic process, it is now understood 
that such study should be sought using an “individual threshold” 
rather than a “population threshold” [21]. Population thresholds are 
generated from epidemiologic data and population research, such as 
cholesterol levels >200 being a sign for the risk of coronary artery 
disease, or a systolic heartbeat >140 being a marker for hypertension, 
stroke risk, or coronary artery disease. Critical deviations from 
historical and average legacy are considered indicators of a shift in 
welfare status, regardless of whether or not those traits are over a 
population threshold [22].

CUSTOMIZING DISEASE PREVENTION

The use of hereditary data to support personalized disease prevention 
approaches is based on standard analyses, but it has not yet been 
widely used in clinical practice. There have been numerous remarkable 
examples of how the use of genetic information can result in both a 
reduced risk of infection and lower burdens from routine treatment 
and screening approaches. A great representation identifies with 
colorectal disease, which stays the third driving reason for malignancy 
deaths regardless of being a profoundly preventable ailment.

For instance, in 2018, Jeon et al. described the precise application 
of extended hazard forecast models for determining when to begin 
looking for colorectal disease. The guidelines utilize age and family 
parentage as variables. Jeon et al. have shown that by utilizing data 
relative to a person’s environmental factors and hereditary profile, 
explicitly the presence of colorectal cancer is related to hereditary 
variations [23]. The region under the curve (AUC), an incentive for 
a model including normal and hereditary components, where an 
AUC of 1.0 would suggest a model with ideal prescient precision, 
was 0.63 for men and 0.62 for women, according to the accuracy of 
relative predictions about an individual’s probability for colorectal 
harmful development that has appeared differently in relation 
to an AUC worth of 0.53 (men) and 0.54 (ladies) when just family 
ancestry information was taken into account. Despite the fact that 
there is still room for improvement, given that the AUCs for the 
model incorporating the patient’s environmental exposure and 
genetic information were only 0.62, the improvement over models 
that excluded inherent or biological information legitimizes its usage.

Challenges associated with PM
As personalized medication is rehearsed all the more generally, various 
difficulties emerge. The momentum ways to deal with protected 
innovation rights, repayment strategies, patient security, information 
inclinations, and classification just as administrative oversight should 
be reclassified and rebuilt to oblige the progressions of customized 
medication will have an impact on health care [24]. As an example, a 

review acted within the UK inferred that 63% of the UK grown-ups 
are not pleased with their own info being utilized for AI in the clinical 
field [25,26]. For example, hereditary info acquired from cutting-
edge sequencing requires PC concentrated information preparing 
preceding its analysis. Later on, sufficient instruments will be needed 
to speed up the reception of customized medication to additional fields 
of medication, which necessitates interdisciplinary collaboration of 
specialists from explicit sectors of exploration, such as medication, 
clinical oncology, and AI.

Intellectual property rights related to PM
Likewise, with any advancement in medication, speculation and 
interest in customized medication are impacted by licensed innovation 
rights [27]. There has been a great deal of discussion in regard to 
patent insurance for indicative devices, qualities, and biomarkers. The 
United States Supreme Court ruled in June 2013 decided that normal 
happening qualities can’t be protected, while “Synthetic DNA” that 
is altered or misleading in any case be protected. The Patent Office is 
currently looking into a number of questions concerning patent laws 
for personalized drugs, such as whether “confirmatory” assistant 
hereditary testing performed after an initial diagnosis is exempt from 
patent restrictions. The person who goes against licenses contends that 
licenses on DNA groupings are a hindrance to continuous exploration 
while defenders highlight research exceptions and stress that licenses 
are important to allure and ensure the monetary speculations needed 
for business research and the turn of events and progression of 
administrations offered [28].

Individual confidentiality
The confirmation of patients is, in some ways, the most important 
issue with the commercialization of modified prescriptions. The worry 
and potential end for people who are prone to hereditary experimental 
outcomes or who are unaffected by specific treatments are probably 
the most serious issues. It influences the psychological research of 
patients in view of genetic experimental outcomes. The right of a 
family who doesn’t straight forwardly being counseled turns into 
another issue, taking into account the genetic inclinations and risks 
that are inherited.

FUTURE PROSPECTIVE OF PERSONALIZED MEDICINES

Patient-derived cellular avatars
Without a direct biopsy of the afflicted tissue, it is now possible to 
collect cells from humans and employ pluripotency enlistment (that is, 
induced pluripotent foundational microorganism or “iPSC”) procedures 
on those cells to produce extra cells of significance to a patient’s disease. 
It enables examiners to connect the cell model of a patient’s condition 
to the patient’s condition in a fundamental way [29-31]. These in vitro 
cell “avatars” can be concentrated to recognize essential sub-nuclear 
pathologies that might offer a hint concerning how to treat a person 
in the most effective way. The utilization of iPSC advances as such can 
be stretched, as of late created, advances to make shockingly better 
models of a patient condition. For example, in the event that the patient 
has an acknowledged change causing their condition, it is advisable to 
use estimates subject to, for example, Clustered Regularly Interspaced 
Short Palindromic Repeats (CRISPR) and moderately creates to make 
isogenic cells in which a few cells undergo changes. The correlation of 
these cells permits direct understanding regarding the impacts of the 
transformation while controlling all significant hereditary foundation 
factors relative to the patient’s genome [32,33]. Furthermore, it is 
achievable to make inadequate organs or “organoids” from cells 
gained from an individual [34]. Organoids can give more noticeable 
information into atomic pathologies related to an individual patient’s 
condition since they can show cell: cell connections and all the more 
wide tissue work [35].

Intensive personalized health monitoring
The accessibility of modest genotyping and sequencing developments 
is allowing individuals and their clinical consideration providers to 
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overview their innately mediated peril for sickness and additionally 
make a genetic assurance in the event that they are unhealthy. 
Moreover, given the accessibility of well-being checking gadgets, online 
requested blood-based clinical tests, economical imaging gadgets, 
etc. [36,37]. Given, consolidating hereditary danger or demonstrative 
evaluation with exceptional health monitoring makes sense. Various 
people with specific diseases and health conditions have profited 
from a hereditary analysis, as it explained the potential hereditarily 
intervened pathogenic systems or uncovered expected focuses for 
pharmacotherapy for them [38,39].

Digital therapeutics and personalized app content
The omnipresence of advanced mobile phones has drawn in 
light of a legitimate concern for some scientists in the well-being 
callings as a vehicle for gathering well-being information through 
different “applications” as well as to give exhortation, criticism, 
training, symbolism, music, instant messages, or associations with 
different assets that could help a person with a specific condition or 
infection. This has provoked the improvement of the possibility of a 
“computerized remedial:” An advanced level cell application expected 
to get and convey easing an individual affected by a clinical or state of 
mind [40]. The data given by a modernized application could be useful 
to an individual could change on what is discovered with respect to that 
individual and their response to content given in the application. Thusly, 
the application can be customized. Many progressed therapeutics have 
gone through an appraisal for their ability to interface with customers 
and give advantages to them [41]. The US Food and Drug Administration 
(FDA) has made guidelines for enrolling automated therapeutics as 
evident insurance reimbursable, upheld prosperity advancements, and 
has begun evaluating and supporting enormous quantities of them. 
The initial support upheld progressed therapeutics – an application 
for substance abuse – was embraced by the FDA in 2017. How viably 
automated therapeutics will be accustomed into the thought stream is 
an open inquiry [42].

Customized medications strategies and approaches can be applied 
to drugs for benefits, as various experts have proposed. For example, 
it has been suggested that one could utilize “genuine world” data 
accumulated consistently on patients visiting regenerative medicine 
and productivity offices (from, e.g., electronic medical record (EMR) 
systems set up at various clinics and centers), and use this data to 
in assessments examining plans, patient assortments and every 
patient profile that could reveal knowledge into assortment in 
progress rates, responses to interventions to update wealth, and so 
on. The eventual outcomes of these examinations could then guide 
the future thoughts for patients with fertility issues [43]. With 
respect to the usage of advanced medication, recommendations 
to encourage PDA applications that could give altered educating 
substance to further develop pregnancy have been suggested [44]. 
Hereditary varieties known to affect richness have similarly been 
perceived and could be used to investigate or modify intervention 
objectives [45,46].

Notwithstanding more ordinary ways of managing modifying 
richness intervention, there are different emerging strategies to ad lib 
ripeness among women that go past set up technique of invigorating 
ovaries [47]. For example, it is as of now possible to cryopreserve 
a bunch of oocytes and ovarian tissue tests from a woman a while 
later install them in her soon that may suit her yearning to become 
pregnant [48]. Such a strategy would be significantly modified, since 
it would work with an individual’s own cells and oblige her tendencies 
for becoming pregnant. Regardless, this procedure would perhaps 
work in the event that the defended tissues were sensible and not 
hurt, disregarding the way that fitting cells in those tissues could on 
a fundamental level be changed for innate imperfections using quality 
modifying techniques. Amore futuristic and questionable customized 
fruitfulness intercession incorporates the possibility that one could 
use cell rethinking advances to make sperm and egg cells from various 
cells got from an individual (e.g., skin cells) that could be adjusted 

to deliver new gametes for readiness – a thought named as “in vitro 
gametogenesis” [49].

Theranostics
Theranostics is a customized way to deal with treating cancer, utilizing 
comparative molecules for both imaging (diagnose) and treatment. 
The word theranostics is a combination of the words therapeutics 
and diagnostics. It is currently most applied to the field of nuclear 
medication where radioactive particles are fixed to gamma or positron 
producers for SPECT or PET imaging, and to beta, alpha, or Auger 
electrons for treatment. Perhaps, the earlier model is the utilization 
of radioactive iodine for therapy of patients with thyroid malignancy. 
Different models incorporate radio-named hostile to CD20 antibodies 
(for example, Bexxar) for treating lymphoma, Radium-223 for treating 
bone metastases, Lutetium-177 DOTATATE for treating neuroendocrine 
tumors, and Lutetium-177 PSMA for treating prostate cancer. The most 
regularly utilized reagent is fluorodeoxyglucose, utilizing the isotope 
fluorine-18.

Respiratory proteomics
Respiratory contaminations impact mankind universally, with 
industrious lung sicknesses (e.g., asthma, progressing obstructive 
aspiratory illness, and idiopathic pneumonic fibrosis, among others) 
and cell breakdown in the lungs causing broad harm and mortality. 
These conditions are profoundly heterogeneous and require early 
detection. In the course of the most recent couple of years, customized 
medication has arisen as a clinical consideration approach that utilizes 
novel innovation expecting to customize therapies as per the specific 
patient’s clinical requirements. In explicit, proteomics is utilized 
to investigate a progression of protein articulations, rather than a 
solitary biomarker. Respiratory proteomics has gained huge headway 
in the advancement of personalized medication for supporting medical 
services as of late. For instance, in an investigation led by Lazzari 
et al. in 2012, the proteomics-based methodology has made significant 
improvement in recognizing numerous biomarkers of cellular 
breakdown in the lungs that can be utilized in fitting personalized 
medicines for individual patients. More and more investigations have 
shown the convenience of proteomics to give designated treatments to 
respiratory disease [46].

NOVEL APPROACHES: 3D PRINTING AND PERSONALIZED 
MEDICINE

3D printing is the process of creating a three-dimensional item with the 
use of computer software. 3D printing has a wide range of applications 
in pharmaceutical dosage forms of various shapes and medication 
combinations. Inkjet printing, binder jetting, fused filament fabrication, 
selective laser sintering, stereolithography, and pressure-assisted 
microsyringe are some of the key 3D printing platforms studied in the 
pharmaceutical industry. This technique could have a future application 
in a clinical context, where prescriptions could be distributed based on 
individual needs (Fig.2).

CONCLUSION
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Fig.2: Novel aspects of personalized medicine with 3D printing
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Personalized medicine holds promise and provides medical aid in 
evaluating disease risk and prevention. It can involve case studies and 
genomic data. Genomic research laid the groundwork for genomic 
medicine products, and a patient’s genomic data can be used to determine 
important clinical outcomes. The integration of genetic research and 
clinical practice must be uniform and efficient. Personalized medicine 
is already being used in clinics, and the use of genomic techniques has 
improved patient treatment, particularly in oncology and cardiology 
patients. To fully integrate personalized medicine into the clinical 
workflow, many challenges in education, accessibility, legislation, 
and reimbursement must be overcome. These PM models are used in 
theranostics, DNA sequencing, proteomics, imaging procedures, and 
health monitoring systems, among other things.
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