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Abstract 

Customizing treatments according to each patient's distinct genetic, molecular, and clinical traits, 

precision medicine holds the potential to completely transform the way cancer is treated. Advances in 

immunotherapy, liquid biopsy technology, multi-omics, and gene editing methods like CRISPR are all 

contributing to this strategy. By combining these advancements, it will be possible to develop tailored 

medicines that focus on the underlying genetic causes of cancer, increasing the precision and efficacy 

of cancer treatments. Furthermore, machine learning and artificial intelligence provide strong 

instruments for forecasting therapy outcomes and refining therapeutic approaches. Widespread 

adoption is still hampered by issues like the intricacy of cancer genetics, the high expense of 

sophisticated therapies, restricted access in environments with limited resources, and the requirement 

for uniform clinical data. In order to alter global cancer treatment and improve patient outcomes, it 

will be imperative to address these issues and guarantee that all patients may benefit from precision 

medicine. 
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Introduction 

Precision medicine, often known as 

customized medicine, is a cutting-edge 

approach to healthcare and treatment that 

considers individual differences in lifestyle, 

environment, and genes. Precision medicine, in 

contrast to the conventional one-size-fits-all 

approach to healthcare, customizes therapies to 

each patient's unique traits in an effort to 

maximize benefits and reduce negative effects. 

The use of genomic data is essential to precision 

medicine. Genetic testing enables medical 

professionals to find genetic mutations, 

polymorphisms, and other differences that may 

impact a patient's reaction to treatment thanks 

to developments in DNA sequencing 

technologies. For instance, patients with 

particular genetic markers respond better to 

some cancer treatments [1]. 

Pharmacogenomics is the study of how a 

person's genes affect how they react to 

medications. Precision medicine can help 

doctors prescribe the best medication at the 

optimum dose by identifying genetic 

characteristics that affect drug metabolism. 

This helps to reduce adverse drug reactions. 

Targeted therapies are medications or other 

materials that interfere with particular 

molecules involved in tumor growth in order to 

prevent the development and spread of cancer. 



Targeted therapies seek to destroy malignant 

cells with little effect on healthy cells, in 

contrast to standard chemotherapy, which 

affects all fast-dividing cells [2]. 

Precision medicine looks at lifestyle and 

aspects in addition to genetic data. By 

combining these components, a more 

comprehensive understanding of health is 

offered, which improves preventative and 

treatment methods. Precision medicine has 

advanced significantly in several areas, 

especially uncommon genetic illnesses, 

cardiology, and oncology. For example, 

cardiovascular care employs genetic risk 

factors to predict susceptibility to heart disease, 

and cancer treatment increasingly includes 

genomic sequencing to select the best course of 

therapy [3]. 

Precision medicine has several obstacles to 

overcome despite its promise, such as the high 

expense of genomic testing, worries about data 

privacy, and the requirement for extensive 

clinical trials to confirm its efficacy [4]. 

However, it is projected that precision medicine 

will become more generally available as costs 

fall down and technology advances, 

transforming healthcare by providing more 

specialized and efficient treatments. The future 

of healthcare is represented by precision 

medicine, which promises to provide more 

individualized, efficient, and effective 

treatment alternatives. Customized therapies 

that enhance patient outcomes are made 

possible by the integration of lifestyle, 

environmental, and genetic data. Precision 

medicine has the potential to transform modern 

medicine as research advances and clinical 

applications grow [5]. 

Uncontrolled cell development and the 

ability to spread to other parts of the body are 

hallmarks of the complex group of diseases 

known as cancer. Genetic changes, such as 

mutations, amplifications, deletions, and 

translocations in the DNA of malignant cells, 

are what cause cancer at the molecular level. 

Malignancy may result from these genetic 

alterations' impact on several cellular processes 

that control DNA repair, apoptosis, and cell 

cycle progression. Oncogenes and tumor 

suppressor genes are two important gene groups 

that are frequently impacted by genetic changes 

linked to cancer. While tumor suppressor genes 

typically work to limit cell development and 

trigger apoptosis, oncogenes, when mutated or 

overexpressed, promote cell proliferation and 

survival. On the other hand, abnormalities in 

the RAS or MYC genes might trigger 

mechanisms that result in uncontrollably high 

cell division [6]. 

A common feature of many malignancies is 

genomic instability, which is defined by a high 

frequency of mutations and chromosomal 

changes. Point mutations, insertions, deletions, 

and chromosomal rearrangements are among 

the genetic changes that may occur more 

frequently as a result of this instability. For 

instance, chronic myelogenous leukemia 

(CML) frequently has the Philadelphia 

chromosome, a translocation between 

chromosomes 9 and 22. The BCR-ABL fusion 

gene is created as a result of this translocation 

and encodes a constitutively active tyrosine 

kinase that promotes leukemia cell growth [7]. 

Apart from genetic mutations, epigenetic 

modifications—which change gene expression 

without altering the DNA sequence—can also 

have an impact on cancer. Two important 

mechanisms of epigenetic regulation are 

histone modification and DNA methylation. 

Hypermethylation of tumor suppressor genes' 

promoter regions is one example of aberrant 

DNA methylation that can silence these genes 

and aid in the development of cancer. The 

development of cancer is not caused by all 

genetic changes. Certain mutations, referred to 

as "driver mutations," give the cancer cells a 

growth advantage, which directly contributes to 

carcinogenesis. On the other hand, "passenger 

mutations" are unintentional and do not 

contribute to the development of cancer. 

Targeted medicines that precisely inhibit these 

altered proteins have been developed as a result 



of the identification of driver mutations in 

particular malignancies, such as EGFR 

mutations in non-small cell lung cancer or 

BRAF mutations in melanoma [8]. 

Next-generation sequencing (NGS), one of 

the advancements in genetic sequencing 

technologies, has made it possible to identify 

genetic changes in cancers, which helps with 

diagnosis and treatment. A patient's cancer's 

unique genetic profile is increasingly being 

used to inform personalized treatment plans, 

such as immunotherapies and targeted 

medicines. For instance, trastuzumab and other 

targeted medicines that inhibit the HER2 

receptor are beneficial for individuals with 

HER2-positive breast cancer [9]. The growth 

and spread of cancer are mostly caused by 

genetic changes. More individualized cancer 

treatments are now possible thanks to our 

growing understanding of the molecular 

mechanisms behind these changes. Precision 

medicine is providing fresh hope for more 

potent cancer treatments by focusing on certain 

genetic changes, such as mutations in tumor 

suppressor genes or oncogenes. It is anticipated 

that more investigation into the genetic makeup 

of cancer will reveal new therapeutic targets 

and enhance patient outcomes [10, 11]. 

Genetic Profiling in Cancer Therapy 

The science of cancer genomics has been 

completely transformed by the potent technique 

known as next-generation sequencing (NGS). 

Comprehensive and high-throughput study of 

genetic mutations, structural variations, and 

epigenetic alterations in cancers is made 

possible by NGS. More accurate cancer 

diagnosis, treatment planning, and the creation 

of customized medicines are made possible by 

this cutting-edge sequencing approach. NGS 

provides information about possible treatment 

targets and assists in identifying important 

genetic changes that propel the development of 

cancer by sequencing the DNA and RNA of 

tumors [12, 13]. 

By identifying alterations in several genes at 

once, NGS enables thorough analysis of a 

tumor's genetic composition. This method 

offers a more thorough and comprehensive 

picture of the tumor by detecting both known 

and unknown genomic changes. To select the 

best targeted treatment for non-small cell lung 

cancer (NSCLC), for example, NGS can detect 

alterations in genes such as EGFR, ALK, and 

ROS1 [14]. Finding driver mutations—the 

genetic changes that propel tumorigenesis—is 

one of the most significant uses of NGS in 

cancer research. Targeted medicines frequently 

target driver mutations. For instance, inhibitors 

like as vemurafenib can target mutations in the 

BRAF gene, which are frequently seen in 

melanoma [15, 16]. 

A new use of NGS is liquid biopsy, which 

analyzes blood samples to find tumor DNA 

(also known as circulating tumor DNA, or 

ctDNA). Early cancer identification, treatment 

response tracking, and low residual disease 

detection are all possible with this minimally 

invasive technique. NGS-assisted liquid biopsy 

has demonstrated promise in detecting genetic 

alterations in malignancies like prostate, 

colorectal, and breast cancer. The total number 

of mutations in a tumor's genome is known as 

the tumor mutational burden (TMB) [17]. 

Increased sensitivity to immune checkpoint 

inhibitors, a family of immunotherapies that aid 

the immune system in identifying and 

combating cancer cells, has been linked to 

elevated TMB. Clinicians can choose patients 

who might benefit from immunotherapy by 

using NGS to evaluate TMB. This is especially 

important for malignancies like NSCLC and 

melanoma. Additionally, NGS is essential for 

detecting genomic changes in uncommon 

tumors for whom there may be no proven 

treatment methods. For instance, NGS can 

assist in identifying particular gene 

rearrangements, fusions, or mutations that may 

present novel therapeutic options in uncommon 

sarcomas or hematologic malignancies [18]. 



 

Figure 1. Strategies and Targets in Cancer Gene Therapy 

Targeted Therapies in Cancer 

Treatment: A New Era in Oncology 

A class of cancer treatments known as 

"targeted therapies" focuses on the molecular 

changes present in cancer cells. Targeted 

therapies aim to disrupt specific chemicals or 

signalling pathways that support the growth and 

survival of cancer cells, in contrast to 

conventional chemotherapy, which affects both 

diseased and healthy cells. Targeted therapies 

offer the potential for more accurate and less 

harmful cancer treatment by focusing on these 

crucial biological mechanisms, thereby 

enhancing patient outcomes and quality of life 

[19]. 

Mechanisms of Targeted Therapies 

Oncogenes are genes that encourage cell 

growth and survival, and their activation is the 

primary cause of many malignancies. Targeted 

therapies can specifically inhibit the activity of 

these oncogenes. The application of EGFR 

inhibitors to non-small cell lung cancer 

(NSCLC) is a good illustration. Uncontrolled 

cell division results from mutations in the 

EGFR gene, and medications such as gefitinib 

and erlotinib are used to disrupt the abnormal 

signaling pathway [20]. 

Enzymes called tyrosine kinases are part of 

the signaling cascades that control cell division, 

proliferation, and survival. Tyrosine kinase 

activity is dysregulated in several malignancies. 

These enzymes are the target of tyrosine kinase 

inhibitors (TKIs), like imatinib. For example, 

imatinib is used to prevent the BCR-ABL 

fusion protein, which is caused by the 

translocation of the Philadelphia chromosome, 

in chronic myelogenous leukemia (CML) [21]. 

Laboratory-produced molecules known as 

monoclonal antibodies (mAbs) are created to 

attach to certain sites on cancer cells, either 

inhibiting their function or designating them for 

immune system destruction. For instance, the 

HER2/neu receptor, which is overexpressed in 

some breast tumors, is the target of trastuzumab 

(Herceptin). Trastuzumab suppresses the 

development of cancer cells and promotes 

immune-mediated tumor elimination by 

attaching itself to the HER2 receptor [22]. 

Tumor growth and metastasis depend on 

angiogenesis, the process by which tumors 

create new blood vessels to carry nutrients and 

oxygen. One example of a targeted treatment is 

bevacizumab (Avastin), which stops the 

creation of new blood vessels inside tumors by 

attaching to and neutralizing vascular 

endothelial growth factor (VEGF). This 

prevents the tumor from growing and spreading 

[23]. 

A more recent line of targeted treatments 

called immune checkpoint inhibitors functions 

by inhibiting proteins that stifle the immune 



system's reaction to malignancies. Cancer cells 

can avoid immune detection by inhibiting T-cell 

function using proteins like PD-1 and CTLA-4. 

Drugs like pembrolizumab (Keytruda) and 

nivolumab (Opdivo) assist the immune system 

regain its capacity to recognize and eliminate 

cancer cells by blocking these checkpoints [24]. 

Monoclonal Antibodies (mAbs) 

Laboratory-engineered molecules known as 

monoclonal antibodies (mAbs) are intended to 

target particular antigens present on the surface 

of cancer cells. They provide highly targeted 

treatment with few off-target effects, making 

them a key component of contemporary cancer 

therapy. mAbs are made to engage with specific 

proteins or receptors that promote the 

development and survival of cancer cells, in 

contrast to conventional chemotherapy, which 

indiscriminately targets both diseased and 

healthy cells. These treatments have the ability 

to directly stop the functions of cancer cells, 

identify them for immune system destruction, 

or stop the ways in which cancer cells avoid the 

immune system [25]. 

Mechanisms of Action 

Antibody-dependent cellular cytotoxicity 

(ADCC) is a crucial mechanism via which 

monoclonal antibodies function. The 

monoclonal antibody attaches itself to 

particular antigens on the surface of tumor cells 

during this process. Immune cells like 

neutrophils, macrophages, and natural killer 

(NK) cells are drawn in by this binding. They 

identify the antibody-coated tumor cell and use 

cytotoxic processes to destroy it [26]. 

The complement system, a component of the 

immune system that aids antibodies in 

eliminating infections and cancer cells, can be 

activated by some monoclonal antibodies. The 

complement cascade may be triggered when an 

antibody binds to a tumor cell, encouraging the 

tumor cell to be lysed (destroyed) [27]. By 

preventing the activity of growth factors or 

receptors necessary for tumor cell proliferation, 

monoclonal antibodies can also stop the growth 

of tumors. For instance, trastuzumab 

(Herceptin) inhibits the growth of tumors by 

targeting the HER2 receptor, which is 

overexpressed in some breast cancer cells, and 

preventing its activation. Nivolumab and 

pembrolizumab are two examples of 

monoclonal antibodies that function by 

blocking immune checkpoint proteins like PD-

1 or PD-L1 [28]. Cancer cells take advantage of 

these checkpoints to evade immune 

surveillance, even though they ordinarily stop 

the immune system from attacking healthy 

tissues. mAbs help T-cells identify and combat 

cancer cells more efficiently by inhibiting these 

proteins [29, 30]. 

Immune Checkpoint Inhibitors (ICIs) 

A class of immunotherapeutic drugs known 

as immune checkpoint inhibitors (ICIs) has 

completely changed the way that many types of 

cancer are treated. These inhibitors function by 

preventing cancer cells from using immune 

checkpoint pathways to avoid immune 

surveillance. Programmed Cell Death Protein 1 

(PD-1), Programmed Cell Death Ligand 1 (PD-

L1), and Cytotoxic T-Lymphocyte Antigen 4 

(CTLA-4) are the main immunological 

checkpoint proteins that ICIs target. ICIs 

improve the immune system's capacity to 

identify and eliminate cancer cells by 

obstructing these pathways [31]. 

Pembrolizumab and nivolumab, two PD-1 

and PD-L1 inhibitors, are frequently used to 

treat melanoma, non-small cell lung cancer 

(NSCLC), and other malignancies. These 

substances stop T cells' PD-1 from attaching to 

tumor cells' PD-L1, which would otherwise 

result in immunological tolerance and tumor 

immune escape. However, CTLA-4 inhibitors, 

such as ipilimumab (Yervoy), work by 

preventing CTLA-4 from activating T cells, 

which prevents the immune system from 

responding to malignancies [32]. 

Although ICIs have demonstrated 

exceptional effectiveness in treating a range of 



malignancies, there are several drawbacks to 

using them. Immunorelated adverse events 

(irAEs), which happen when the heightened 

immune response attacks healthy tissues, can 

happen to some patients. From minor 

symptoms like rash or diarrhea to serious issues 

affecting organs including the liver, lungs, and 

intestines, these side effects can vary widely. 

Tumor type, genetic alterations, and the tumor 

microenvironment are some of the other 

variables that affect the safety and effectiveness 

of immune checkpoint inhibitors. Although 

their predictive value is still being studied, 

biomarkers such as tumor mutational burden 

(TMB) and PD-L1 expression levels are 

frequently employed to forecast the possibility 

of a favorable response to treatment [33, 34]. 

Recent studies have concentrated on using 

combination therapy to increase the efficacy of 

ICIs. The anti-tumor immune response can be 

strengthened by combining PD-1/PD-L1 

inhibitors with other immune-modulating drugs 

or traditional therapies like radiation and 

chemotherapy. In cancer immunotherapy, 

immune checkpoint inhibitors have, all things 

considered, been a major breakthrough, 

providing patients with formerly incurable 

tumors with new therapeutic alternatives. To 

minimize the related side effects, maximize 

their use, and comprehend their methods of 

action, more study is necessary [35, 36]. 

Combination Therapies 

The employment of two or more therapeutic 

treatments either simultaneously or 

sequentially to improve therapeutic efficacy, 

get past resistance mechanisms, and lower the 

risk of relapse is known as combination therapy 

in the context of cancer treatment. When it 

comes to cancer immunotherapy, combination 

therapies usually entail combining immune 

checkpoint inhibitors (ICIs) with oncolytic 

viruses, chemotherapy, radiation therapy, 

targeted therapies, or other immunotherapeutic 

agents. Combination therapies aim to improve 

treatment results over monotherapy by boosting 

the immune response against malignancies and 

overcoming immune suppression in the tumor 

microenvironment [37]. 

Combination of Immune Checkpoint 

Inhibitors (ICIs) 

Combining various ICIs is one of the most 

promising approaches. Anti-PD-1/PD-L1 and 

anti-CTLA-4 inhibitors, for example, have 

shown considerable clinical benefit when 

combined, particularly in melanoma and non-

small cell lung cancer (NSCLC). It has been 

demonstrated that nivolumab (anti-PD-1) and 

ipilimumab (anti-CTLA-4) work in concert, 

with PD-1 inhibition preventing the depletion 

of these activated T cells in the tumor 

microenvironment and CTLA-4 inhibition 

increasing T cell activation and priming [38]. 

Combination with Chemotherapy 

One common treatment method that can 

directly destroy cancer cells is chemotherapy. 

By causing immunogenic cell death (ICD), 

which releases tumor antigens and improves 

antigen presentation, chemotherapy can boost 

immune responses when used in conjunction 

with immune checkpoint inhibitors. The 

combination of PD-1/PD-L1 inhibitors plus 

chemotherapy has been studied in a number of 

clinical studies, with encouraging outcomes in 

diseases like gastric cancer, triple-negative 

breast cancer (TNBC), and non-small cell lung 

cancer (NSCLC). Chemotherapy is justified by 

the fact that it can enhance immune cell 

penetration into tumors and foster a supportive 

immunological milieu [39]. 

Combination with Targeted Therapies 

Tyrosine kinase inhibitors (TKIs) and other 

targeted medicines have completely changed 

the way that tumors with certain genetic 

changes—like EGFR mutations in non-small 

cell lung cancer—are treated. ICIs and targeted 

medicines together may have stronger anti-

tumor effects. In order to overcome resistance 

mechanisms in NSCLC and other 

malignancies, for instance, the combination of 



EGFR inhibitors with immune checkpoint 

inhibitors has showed promise. By modifying 

the tumor microenvironment, enhancing 

antigen presentation, and regulating immune 

cell infiltration, targeted therapies can make 

cancers more susceptible to immune-mediated 

death [40]. 

Combination with Radiation Therapy 

Tyrosine kinase inhibitors (TKIs) and other 

targeted medicines have completely changed 

the way that tumors with certain genetic 

changes—like EGFR mutations in non-small 

cell lung cancer—are treated. ICIs and targeted 

medicines together may have stronger anti-

tumor effects. In order to overcome resistance 

mechanisms in NSCLC and other 

malignancies, for instance, the combination of 

EGFR inhibitors with immune checkpoint 

inhibitors has showed promise. By modifying 

the tumor microenvironment, enhancing 

antigen presentation, and regulating immune 

cell infiltration, targeted therapies can make 

cancers more susceptible to immune-mediated 

death [41]. 

Combination with Oncolytic Viruses 

Viruses used in oncolytic virotherapy 

specifically target and destroy cancer cells. 

Immunocheckpoint inhibitors and oncolytic 

viruses may work in concert to improve the 

immune system's capacity to recognize and 

eliminate malignancies. Through the promotion 

of immune cell infiltration and antigen 

presentation, oncolytic viruses have the ability 

to create a pro-inflammatory tumor 

microenvironment, which could enhance the 

effects of ICIs [42]. 

Biomarkers in Cancer Therapy 

Blood, tissue, and other body fluids contain 

biological chemicals called biomarkers that can 

either predict how a patient will react to a 

certain treatment or show whether cancer is 

present. Biomarkers are essential tools for 

cancer therapy diagnosis, prognosis, and 

treatment selection, allowing for a more 

individualized approach to cancer care. Their 

capacity to direct the choice of treatments based 

on the molecular features of a patient's cancer 

has transformed the treatment of numerous 

cancers. Biomarkers can identify people at risk 

of negative treatment effects, track the course 

of a disease, and predict therapy response [43]. 

Role of Biomarkers in Cancer Treatment 

The advancement of precision or tailored 

medicine is one of the most significant uses of 

biomarkers. Biomarkers provide treatment 

choices that are specific to each patient's tumor 

by examining the molecular features of the 

malignancy. For instance, in cases of breast 

cancer, HER2 expression and the status of the 

estrogen receptor (ER) and progesterone 

receptor (PR) dictate whether a patient should 

get hormone therapy or HER2-targeted 

treatment such as trastuzumab. To select the 

best targeted treatments for lung cancer, genetic 

testing for mutations in genes like EGFR, ALK, 

or ROS1 is crucial [44]. 

The application of immunotherapies and 

targeted medicines has been transformed by 

biomarkers. Testing for EGFR, ALK, or ROS1 

mutations in non-small cell lung cancer 

(NSCLC) can aid in the patient selection 

process for targeted treatments like ALK or 

EGFR inhibitors. Similarly, only patients 

whose tumors express the PD-L1 protein can 

benefit from immune checkpoint inhibitors like 

as pembrolizumab and nivolumab. Tumor 

mutational burden (TMB) and microsatellite 

instability (MSI) are two biomarkers that can be 

used to predict how malignancies including 

melanoma, colorectal cancer, and non-small 

cell lung cancer would react to immune 

checkpoint inhibitors [45]. 

Biomarkers play a crucial role in tracking a 

patient's response to therapy. When it comes to 

identifying changes in tumor size, conventional 

techniques like imaging can be slow and 

occasionally unreliable. On the other hand, 

liquid biopsy methods that identify exosomes or 

circulating tumor DNA (ctDNA) provide a non-



invasive means of evaluating the efficacy of the 

treatment in real time. A good response may be 

indicated by a drop in ctDNA levels, whereas 

resistance or illness progression may be 

suggested by an increase [46, 47]. 

Additionally, biomarkers are essential for 

early relapse detection. Monitoring for the 

BCR-ABL fusion gene following treatment, for 

instance, can reveal early warning indicators of 

disease return in chronic myelogenous 

leukemia (CML) before clinical symptoms 

manifest. In a similar vein, ctDNA can be used 

to identify relapse in a number of malignancies, 

including lung and breast cancer, even in cases 

when imaging tests come back negative [48]. 

 

Figure 2. Biomarkers in Cancer Management 

Challenges and Limitations in Precision 

Medicine 

The genetic complexity and heterogeneity of 

tumors is one of the main obstacles in precision 

medicine, especially when it comes to treating 

cancer. Cancer cells are not homogeneous; they 

can differ significantly in their genetic makeup 

both within and across metastatic locations and 

within the same tumor. Because of this variety, 

it may be challenging to find a single biomarker 

that reliably informs therapy choices. The 

development of novel mutations that were 

absent at the time of diagnosis may cause a 

tumor to become resistant to a specific 

treatment after first responding to it. For 

instance, in non-small cell lung cancer 

(NSCLC), EGFR mutations may react at first to 

EGFR inhibitors; nevertheless, therapy failure 

may result from the emergence of resistance 

due to subsequent mutations such as T790M 

[49]. 

The restricted accessibility and availability 

of genetic testing, especially in low-resource 

environments, is a major drawback of precision 

medicine. Next-generation sequencing (NGS) 

and other comprehensive genomic tests can be 

costly and call for certain infrastructure and 

knowledge. Lack of access to these cutting-

edge diagnostic resources may cause delays in 

diagnosis, which would reduce the possibility 

of early intervention and individualized 

treatment regimens. Furthermore, different 

nations have varying levels of access to genetic 

testing, which results in unfair healthcare 

delivery [50]. 

One of the biggest obstacles in precision 

medicine is still interpreting genomic data. 

Clinicians frequently find it difficult to interpret 

the growing volume of genomic data produced 

by high-throughput sequencing methods. It can 

be challenging to differentiate between benign 

variants and dangerous mutations, and not all 

genetic mutations or modifications are 



clinically meaningful. Furthermore, to make 

precise treatment options, genetic data must be 

combined with additional elements like patient 

history, environmental exposures, and the 

tumor microenvironment. In many instances, it 

is still uncertain if genetic mutations or variants 

of unknown significance have any clinical 

consequence [51]. 

Another significant drawback of precision 

medicine is its high expense. Even though 

sequencing has become much less expensive in 

the last ten years, many patients still cannot 

afford tailored treatments and extensive genetic 

testing, particularly those without sufficient 

insurance. Precision medicine frequently uses 

biologic drugs and targeted medicines, which 

can be substantially more costly than traditional 

treatments. Many people's access to these 

treatments is restricted by this economic 

burden, especially in low- and middle-income 

nations [52]. 

There are several ethical and privacy issues 

with precision medicine's use of genomic data. 

Because genetic data is so sensitive, there is 

rising worry about its potential for misuse, 

including discrimination based on genetic 

predispositions. Another concern is inadvertent 

results, which occur when genetic testing 

reveals unanticipated information that may 

affect a patient's or their family members' 

health, such as an elevated risk for a genetic 

condition. In a clinical setting, it may be 

challenging to evaluate and handle these 

results. Strict privacy laws must also be 

followed while exchanging and storing genetic 

data in order to preserve patient anonymity [53. 

54]. 

Future Directions in Precision Medicine 

and Cancer Therapy 

By permitting treatments that are customized 

to the genetic and molecular features of specific 

tumors, precision medicine has completely 

changed the field of cancer therapy. Even if 

tailored medicines and diagnostic tools have 

advanced significantly, even more 

improvements in cancer therapy are anticipated 

in the future. The future generation of precision 

oncology is probably going to be shaped by a 

number of new technologies, therapeutic 

approaches, and molecular discoveries. 

However, in order to assure their widespread 

and successful application, these improvements 

present certain obstacles that must be addressed 

[55]. 

It is anticipated that multi-omics techniques, 

including as genomes, transcriptomics, 

proteomics, and metabolomics, would be 

increasingly integrated into precision medicine 

in the treatment of cancer in the future. A more 

thorough understanding of cancer is made 

possible by the distinct aspects of tumor 

biology that each of these "omics" layers offers. 

The intricacy of tumor heterogeneity may be 

beyond the scope of genomic data alone, but by 

merging information from multiple omics 

platforms, physicians can better understand 

how cancer develops and how treatments work 

[56]. 

There is great potential for the future of 

cancer diagnosis and therapy monitoring using 

liquid biopsy, a non-invasive method for 

finding genetic changes and biomarkers in 

blood or other body fluids. With liquid biopsy, 

circulating tumor DNA (ctDNA), circulating 

tumor cells (CTCs), and other tumor-derived 

components can be found, giving a glimpse into 

the tumor's genetic makeup. This method 

enables early relapse identification, minimal 

residual disease (MRD) diagnosis, and real-

time monitoring of therapy responses [57]. 

Liquid biopsy technologies will probably 

become a commonplace instrument in clinical 

oncology as they develop further. Their 

capacity to offer continuous and less intrusive 

sampling has the potential to completely 

transform the way cancer is tracked and 

managed by enabling more frequent therapy 

modifications based on real-time genetic data. 

Additionally, unusual mutations or genetic 

changes that could cause tumor resistance to 



existing treatments could be found using liquid 

biopsies [58]. 

Patients with melanoma, lung cancer, and 

other cancers have benefited greatly from 

immunotherapy, which has transformed the 

treatment of cancer. This is especially true with 

immune checkpoint inhibitors such as PD-

1/PD-L1 and CTLA-4 inhibitors. However, 

resistance mechanisms can emerge over time, 

and not all patients respond to immunotherapy 

[59]. In order to overcome resistance and 

improve therapeutic efficacy, immune 

checkpoint inhibitors will probably be used in 

combination strategies with targeted 

treatments, chemotherapy, or radiation in the 

future of cancer immunotherapy [60]. 

Precision medicine and cancer treatment 

seem to benefit greatly from the application of 

artificial intelligence (AI) and machine learning 

(ML) [61]. Large volumes of complicated data, 

including as genomic sequences, imaging, and 

clinical records, can be analyzed by these 

technologies to find patterns that are difficult 

for human clinicians to notice. Algorithms 

using AI and ML could enhance early detection, 

forecast patient reactions to therapy, and 

enhance therapeutic approaches [62-65]. 

Conclusion 

Advances in multi-omics integration, liquid 

biopsy technologies, immunotherapy, artificial 

intelligence, and gene editing methods like 

CRISPR hold great promise for the future of 

precision medicine and cancer treatment. These 

developments have the potential to improve 

cancer therapy personalization by providing 

more precise and efficient treatments with 

fewer adverse effects. To guarantee that the 

advantages of precision medicine are available 

to everyone, however, issues like the intricacy 

of cancer genomics, exorbitant expenses, 

restricted access in low-resource environments, 

and the requirement for strong clinical evidence 

must be resolved. To fully fulfill precision 

oncology's promise and enhance cancer care 

worldwide, more research, teamwork, and 

initiatives toward healthcare equity are 

required. 
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