
https://bonoi.org/index.php/si SI | December 31, 2023 | vol. 43 | no. 6 1155 

Review 
Cancer Biology 

A Perspective Review of Cancer Therapy (Part I) 
Immunotherapy, Gene Therapy, and Nanotechnology 
 

Alberto Pajuelo* 
University of Valencia, Av. de Blasco Ibáñez, 13, El Pla del Real, 46010 València, Valencia, Spain 
*: All correspondence should be sent to: Dr. Alberto Pajuelo. 
Author’s Contact: Alberto Pajuelo, Ph.D., E-mail: alberto.pajuelo@hotmail.com 
DOI: https://doi.org/10.15354/si.23.re833 
Funding: No funding source declared. 
COI: The author declares no competing interest. 

 

 

The application of genomic profiling approaches has propelled the advancement of precision 

medicine, enabling the development of personalized treatment programs that are specifically 

customized for each particular patient. This method considers the distinct genetic composition 

of each tumor, allowing for the detection of crucial driver mutations and possible weaknesses 

that might be targeted for therapeutic purposes. Furthermore, immunotherapy has emerged as 

a promising approach in cancer treatment, utilizing the potential of the immune system to 

identify and eradicate cancerous cells. Medical breakthroughs like CAR-T cell therapy have 

already demonstrated exceptional efficacy in treating hematologic malignancies. Moreover, 

state-of-the-art technologies such as CRISPR-Cas9 gene editing offer potential for directly al-

tering tumor cells or augmenting the efficacy of current treatments. The future of cancer ther-

apy is focused on developing more precise and targeted techniques to enhance patient out-

comes and ultimately overcome this destructive illness. This involves continual research and 

cooperation among scientists, physicians, and pharmaceutical corporations on a worldwide 

level. 
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HE FIELD of cancer treatment is advancing quickly and 

includes a range of cutting-edge medicines that focus on 

specific biochemical changes in cancer cells. Conven-

tional treatment methods like surgery, chemotherapy, and radia-

tion therapy remain commonly employed, yet they are frequent-

ly supplemented by more recent approaches. Immunotherapy 

has transformed cancer treatment by utilizing the patient’s im-

mune system to identify and eliminate cancer cells (1). This 

includes immune checkpoint inhibitors that hinder proteins such 

as PD-1 or CTLA-4, amplifying T-cell activity, and fostering the 

body’s immunological response against tumors. Moreover, tar-

geted medicines have arisen as precision medicine strategies for 

tumors characterized by specific genetic abnormalities (2). The-

se medications specifically block the communication routes in 

cancer cells, decreasing the growth and dissemination of cancer 

while preserving the integrity of healthy tissues. Moreover, gene 
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therapy has potential in the treatment of specific forms of tu-

mors through the introduction of novel genes or the alteration of 

preexisting ones to augment the body’s capacity to combat the 

illness (3). Personalized medicine approaches utilizing genomic 

profiling have also gained popularity for customizing treatments 

specifically for individual patients, resulting in improved overall 

outcomes (4). Advancements in research are enhancing our 

comprehension of the fundamental molecular pathways that 

propel the advancement of cancer. Consequently, new therapeu-

tic strategies will continue to arise, providing optimism for the 

development of more efficient treatments and enhanced patient 

outcomes. 

It is crucial to make progress in cancer therapy in order to 

enhance patient outcomes and elevate survival rates. Although 

notable advancements have been achieved in the treatment of 

specific cancer types, such as breast and prostate cancer, nu-

merous other forms of the illness continue to pose challenges in 

terms of successful treatment. Progress in cancer therapy can 

offer more precise treatments that selectively target cancer cells 

while preserving healthy cells, minimizing adverse effects, and 

enhancing the overall quality of life for patients (5). In addition, 

it is imperative to prioritize research and development endeavors 

towards the creation of individualized medicines that are specif-

ically designed according to a patient’s genetic composition and 

biomarkers. This approach will enable the implementation of 

customized treatment strategies that optimize effectiveness. In 

addition, the advancement of newer medications with unique 

modes of action can effectively address the issue of drug re-

sistance commonly encountered in the later stages of the disease. 

Hence, it is crucial for researchers, healthcare experts, and 

pharmaceutical companies to cooperate in order to enhance 

cancer treatment by employing cutting-edge methods including 

immunotherapies, gene therapies, and combination medicines 

(6). Through the allocation of resources towards these techno-

logical developments, we can aspire to transform the field of 

cancer therapy and ultimately enhance the preservation of hu-

man lives. 

  

Immunotherapy 
 
Checkpoint Inhibitors 
Checkpoint inhibitors in cancer immunotherapy are a class of 

medications that have significantly transformed the management 

of several forms of cancer (7). These inhibitors function by se-

lectively targeting certain proteins on immune cells that serve as 

inhibitory mechanisms or checkpoints, hence impeding the im-

mune system’s ability to effectively attack cancer cells. Check-

point inhibitors can unleash the complete potential of the im-

mune system to identify and eliminate cancer cells by obstruct-

ing these proteins. 

PD-1 inhibitors are a prevalent form of checkpoint inhibi-

tor employed in cancer immunotherapy. PD-1 is an 

immunoregulatory protein present on immune cells that aids in 

the control of immunological reactions (8). Cancer cells could 

exploit this checkpoint in order to avoid being detected and 

eliminated by the immune system. PD-1 inhibitors, including 

pembrolizumab and nivolumab, attach to the PD-1 protein, ef-

fectively deactivating it and enabling immune cells to identify 

and eradicate cancer cells (9). 

Ipilimumab is a frequently utilized CTLA-4 inhibitor, 

which is a type of checkpoint inhibitor. CTLA-4 is an additional 

protein found in immune cells that controls and manages im-

mune responses (10). By obstructing CTLA-4, these inhibitors 

amplify the stimulation and reproduction of immune cells, re-

sulting in a robust anti-tumor immunological reaction. 

Checkpoint inhibitors have demonstrated exceptional ef-

fectiveness in various cancer forms, such as melanoma, lung 

cancer, and bladder cancer (11). These inhibitors have, in certain 

instances, resulted in enduring remission, even in individuals 

with advanced or metastatic illnesses. Checkpoint inhibitors 

have revolutionized cancer treatment, providing renewed opti-

mism for patients with restricted therapeutic alternatives. 

Nevertheless, similar to all medical interventions, check-

point inhibitors possess inherent risks of adverse consequences. 

These may encompass immune-related side effects, such as 

hepatotoxicity, pneumonitis, or colitis (12). These adverse ef-

fects can be controlled with the use of immunosuppressive 

medications or by temporarily discontinuing the delivery of 

checkpoint inhibitors. Generally, the advantages of treatment 

surpass the drawbacks, and vigilant supervision can assist in 

reducing potential unfavorable occurrences. 

Although checkpoint inhibitors have achieved remarkable 

success, they are not universally effective for all individuals (13). 

Certain individuals may possess malignancies that lack the ex-

pression of specific proteins that are targeted by checkpoint 

inhibitors, while others may have acquired resistance to these 

medications. Scientists are currently engaged in the active pur-

suit of devising novel approaches and combinations of check-

point inhibitors with other therapies to surmount these obstacles 

and attain superior results for patients. 

Checkpoint inhibitors have significantly transformed can-

cer immunotherapy by harnessing the potential of the immune 

system to target and destroy cancerous cells. PD-1 and CTLA-4 

inhibitors have demonstrated efficacy across several cancer 

types, providing renewed optimism for patients with advanced 

disease. Although some medications may have possible adverse 

effects, diligent treatment and monitoring can help alleviate 

these risks. Nevertheless, additional investigation and advance-

ment are necessary to tackle the constraints and difficulties 

linked to checkpoint inhibitors in order to provide optimal ther-

apeutic alternatives for all cancer patients. 

 
CAR-T Cell Therapy 
Chimeric Antigen Receptor T-Cell Therapy (CAR-T cell therapy) 

is an innovative and highly promising type of immunotherapy 

that has significantly transformed the field of cancer treatment 

(14). This treatment entails genetically altering a patient’s own T 

cells, which are a type of immune cell, to identify and eradicate 

cancer cells. CAR-T cell therapy has demonstrated exceptional 

efficacy in the treatment of some cancer types, specifically re-

lapsed or refractory B-cell malignancies. 

CAR-T cell therapy is based on genetically modifying T 

cells to express a chimeric antigen receptor (CAR). CARs are 

artificial receptors that merge the antigen-binding region of an 

antibody with the signaling region of a T cell receptor (15). This 

enables the altered T cells to selectively identify and attach to a 



https://bonoi.org/index.php/si SI | December 31, 2023 | vol. 43 | no. 6 1157 

specific antigen that is present on cancer cells. Upon being 

bound, the CAR-T cells undergo activation, resulting in their 

rapid multiplication and release of cytotoxic substances, ulti-

mately causing the destruction of the cancer cells. 

CAR-T cell therapy has demonstrated exceptional efficacy 

in treating B-cell acute lymphoblastic leukemia (B-ALL). For 

patients suffering from relapsed or refractory B-ALL who have 

not responded to standard treatments, CAR-T cell therapy has 

demonstrated complete remission rates surpassing 80% (16). 

Comparable achievements have been observed in the treatment 

of various B-cell cancers, including non-Hodgkin lymphoma 

and chronic lymphocytic leukemia. 

Nevertheless, the execution of CAR-T cell treatment is 

not devoid of obstacles. An important obstacle lies in the toxici-

ties linked to the treatment, including cytokine release syndrome 

(CRS) (17). CRS occurs due to the secretion of inflammatory 

cytokines by the activated CAR-T cells, leading to symptoms 

such as fever, low blood pressure, and, in extreme instances, 

malfunction of several organs. Continued endeavors are being 

made to enhance comprehension and control of CRS, wherever 

the utilization of immunosuppressive medications like 

tocilizumab exhibits potential in alleviating its impacts. 

An additional obstacle lies in the production of CAR-T 

cells. The manufacturing process of CAR-T cells encompasses 

several stages, which include the collection of T cells, genetic 

alteration, expansion, and purification (18). The process is intri-

cate, laborious, and expensive. Moreover, the fluctuation in the 

quality and functioning of T cells presents additional difficulties 

in guaranteeing consistent therapeutic effectiveness (19). Con-

tinual research is being conducted to enhance and simplify the 

manufacturing process of CAR-T cell therapy, with the aim of 

increasing its accessibility and cost-efficiency. 

Notwithstanding these obstacles, the outlook for CAR-T 

cell treatment is encouraging. Current research is dedicated to 

broadening the utilization of CAR-T cell therapy to encompass 

additional categories of cancer, including solid tumors. The 

existence of an immunosuppressive tumor microenvironment 

poses distinct difficulties when dealing with solid tumors (20). 

Efforts are underway to investigate the potential of augmenting 

the efficacy of treatment by combining CAR-T cell therapy with 

other immunomodulatory treatments, such as checkpoint inhibi-

tors. 

Furthermore, there are ongoing endeavors to create readi-

ly available CAR-T cell products. Presently, CAR-T cell therapy 

is dependent on the utilization of the patient’s own T cells, 

which must be gathered, genetically altered, and multiplied be-

fore being reintroduced into the body (21). The implementation 

of this individualized strategy presents practical difficulties and 

constraints in relation to availability. The advancement of al-

logeneic CAR-T cell products, which involve modifying T cells 

from healthy donors for universal application, has the potential 

to overcome these challenges and provide broader accessibility 

to this groundbreaking therapy. 

 
Cancer Vaccines 
Cancer has always been regarded as one of the most formidable 

and destructive diseases in human history. Throughout time, 

scientists and researchers have achieved noteworthy advance-

ments in comprehending the intricate characteristics of cancer 

cells and formulating diverse therapeutic alternatives. An en-

couraging area of investigation involves the utilization of cancer 

vaccines in the field of cancer immunotherapy. Vaccines, typi-

cally linked with the prevention of infectious diseases, are cur-

rently being investigated as a means to stimulate the innate ca-

pacity of the immune system to identify and eliminate cancerous 

cells. 

To grasp the potential of cancer vaccines, it is crucial to 

have a thorough understanding of the fundamentals of immuno-

therapy. Immunotherapy is a therapeutic approach that harnesses 

the patient’s immune system to specifically target and eliminate 

cancerous cells (22). It distinguishes itself from conventional 

treatment methods like chemotherapy and radiation, which spe-

cifically focus on cancer cells. Immunotherapy, on the other 

hand, fortifies and amplifies the immune system, enabling it to 

identify and combat cancerous cells more efficiently. 

Cancer vaccines, within the realm of immunotherapy, 

function by regulating the immune response towards cancerous 

cells (23). These vaccinations can be broadly classified into two 

categories: preventative vaccines and therapeutic vaccines. Pre-

ventive cancer vaccinations are designed to hinder the occur-

rence of particular cancer types by focusing on viral infections 

that are recognized to heighten the likelihood of cancer devel-

opment (24). An exemplary instance of a prophylactic cancer 

vaccination is the human papillomavirus (HPV) vaccine, which 

efficiently averts HPV infection, a notable predisposing factor 

for cervical cancer. 

Conversely, therapeutic cancer vaccinations are specifi-

cally created to activate the immune system’s ability to identify 

and combat preexisting cancer cells. These vaccines generally 

contain certain antigens present on cancer cells, which elicit an 

immunological response upon detection by the immune system 

(25). Therapeutic cancer vaccines seek to enhance the immune 

system’s capacity to identify and eliminate cancer cells by spe-

cifically targeting these antigens. 

Sipuleucel-T, a widely recognized therapeutic cancer vac-

cine, received FDA approval in 2010 specifically for the treat-

ment of advanced prostate cancer (26). Sipuleucel-T functions 

by harvesting a patient’s immune cells and subjecting them to a 

protein present in prostate cancer cells (27). Upon reintroduction 

into the patient, these activated immune cells elicit an immuno-

logical reaction against prostate cancer, ultimately leading to a 

decrease in tumor size and a prolonged lifespan. 

Personalized vaccinations are a promising field of re-

search in the fight against cancer. These vaccinations are cus-

tomized to target the unique tumor antigens of each individual 

patient, rendering them highly specific and perhaps more effica-

cious (28). They employ genetic data obtained from a patient’s 

tumor to pinpoint distinct targets for the immune system to tar-

get. Despite being in the nascent phase of advancement, tailored 

cancer vaccines exhibit significant potential for enhancing pa-

tient outcomes. 

It is crucial to acknowledge that cancer vaccines, similar 

to other immunotherapies, may not be effective for all forms of 

cancer or all patients (29). Cancer cells possess a remarkable 

ability to adapt and have devised strategies to elude immune 

recognition. Hence, current research endeavors to ascertain tac-
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tics to surmount these obstacles and enhance the effectiveness of 

cancer vaccinations. 

In addition, cancer vaccines are frequently integrated with 

other immunotherapies or conventional therapy modalities to 

optimize their efficacy. Combination therapy can address many 

elements of cancer biology, bolster the immune response, and 

overcome mechanisms of resistance. An instance of this is the 

combination of a cancer vaccine with immune checkpoint inhib-

itors, which has exhibited encouraging outcomes in clinical 

trials. This is because the checkpoint inhibitors augment the 

immune system’s reaction to the vaccination. 

 
Precision Medicine and Targeted Therapies 
 
Genomic Profiling 
The discovery of genetic changes in tumor cells is a crucial fac-

tor in the efficacy of immunotherapy. Genomic profiling, com-

monly referred to as genetic profiling, involves a thorough ex-

amination of the genomic changes found in cancer cells. It has a 

vital function in directing treatment choices, forecasting the 

response to therapy, and establishing possible objectives for 

immunotherapy. 

Genomic profiling entails examining genetic changes that 

stimulate the development and advancement of cancer (30). 

These modifications can manifest as somatic mutations, gene 

fusions, copy number alterations, or alterations in DNA methyl-

ation. Through the identification of these modifications, re-

searchers can ascertain the patients who are most inclined to 

derive advantages from immunotherapy. For example, cancers 

that have particular mutations in genes like PD-L1 or BRAF 

might be more vulnerable to specific immune checkpoint inhib-

itors (31). 

Moreover, genetic profiling can assist in forecasting the 

reaction to immunotherapies. Occasionally, tumors with a sub-

stantial mutational burden, which signifies a greater number of 

mutations in the tumor genome, have demonstrated superior 

response rates to immunotherapy (32). These findings indicate 

that cancers containing a higher quantity of neoantigens, which 

are specific molecules recognized by the immune system, are 

more likely to exhibit positive responses to immunotherapeutic 

treatments. 

Moreover, genetic profiling enables researchers to pin-

point potential targets for novel immunotherapies. By examining 

genomic modifications, scientists can detect genes that are ex-

pressed or altered in an abnormal manner, thereby identifying 

them as prospective candidates for targeted immunotherapies 

(33). This strategy has already resulted in the creation of precise 

immunotherapies, such as immune cell treatments that focus on 

CAR or certain tumor-associated antigens. 

Genomic profiling is particularly useful in identifying 

causes of resistance to immunotherapies. Although immuno-

therapy has demonstrated great efficacy in numerous patients, it 

is susceptible to the development of resistance over time. Im-

munotherapy resistance can be caused by mechanisms such as 

changes in the interferon pathway or immunological checkpoint 

proteins (34). Genomic profiling can identify these changes, 

allowing researchers to devise strategies to overcome resistance 

and enhance patient outcomes. 

Although genetic profiling in cancer immunotherapy has 

great potential, there are obstacles that must be overcome during 

implementation. The expense and intricacy of genomic se-

quencing can restrict its extensive utilization. Moreover, the 

process of understanding and incorporating genetic data into 

clinical practice can present difficulties (35). Nevertheless, the 

progress in sequencing technologies and bioinformatics tools is 

consistently enhancing the precision, efficiency, and 

cost-efficiency of genomic profiling. 

 
Targeted Therapies against Specific Genetic 
Mutations 
Targeted therapies aim to combat specific genetic abnormalities 

that stimulate the progression and advancement of certain dis-

eases, resulting in enhanced outcomes and heightened rates of 

survival. 

An instance of targeted therapy involves the utilization of 

tyrosine kinase inhibitors (TKIs) for the management of specific 

forms of cancer (36). TKIs function by inhibiting the aberrant or 

hyperactive activity of proteins called tyrosine kinases, which 

are present in cancer cells. TKIs can disrupt the signaling path-

ways that facilitate cancer development and survival by target-

ing these proteins, resulting in tumor reduction and disease re-

versal (37). 

A compelling demonstration of the efficacy of targeted 

therapy is exemplified by the utilization of the pharmaceutical 

imatinib in the management of chronic myeloid leukemia 

(CML). CML is attributed to a genetic anomaly referred to as 

the Philadelphia chromosome, which leads to the amalgamation 

of two genes and the synthesis of a hybrid protein named 

BCR-ABL (38). Imatinib selectively targets and suppresses the 

activity of the BCR-ABL protein, resulting in notable clinical 

responses and extended survival in patients with CML. 

Targeted therapies are being researched for the treatment 

of genetic abnormalities, in addition to cancer. An illustrative 

instance is the use of gene therapy to rectify particular gene 

mutations that result in infrequent and incapacitating illnesses. 

Gene therapy entails the introduction of intact, functioning rep-

licas of a mutant gene into the cells of a patient, enabling them 

to generate the absent or faulty protein (39). This method has 

demonstrated encouraging outcomes in disorders such as spinal 

muscular atrophy and hemophilia, providing enduring therapeu-

tic advantages and potentially achieving a cure for these ail-

ments. 

Another noteworthy instance of targeted therapy in genet-

ic disorders involves the utilization of tiny molecules or anti-

sense oligonucleotides to regulate the function of RNA mole-

cules (40). RNA-based therapeutics demonstrate high efficacy in 

disorders resulting from aberrant RNA processing, namely in 

some forms of muscular dystrophy. Through the specific identi-

fication and rectification of the deviant RNA, these treatments 

have the capability to reinstate regular protein synthesis and 

enhance the overall medical results for those who are impacted 

(41). 

Targeted therapies directed at target genetic alterations not 

only provide the possibility of more efficient therapy but also 

result in fewer adverse effects in comparison to traditional ther-

apies (42). As these medicines primarily focus on the altered 
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proteins or genes, they avoid harming normal cells, which helps 

to minimize toxicity and decrease the negative effects associated 

with treatment. This tailored therapeutic strategy has significant 

potential for patients, enabling enhanced accuracy and custom-

ized medical attention. 

Nevertheless, targeted therapy poses certain problems. An 

important obstacle is the process of identifying and confirming 

pertinent genetic alterations. Accurate detection of certain muta-

tions necessitates the utilization of sophisticated genetic testing 

methods (43). Additionally, progress in creating tailored treat-

ments may be hindered by an insufficient understanding of the 

genetic processes that underlie specific diseases. 

Furthermore, the development of resistance to targeted 

therapies might occur gradually, thereby restricting the 

long-term efficacy of these treatments. Tumors can acquire nov-

el mutations or activate alternative signaling pathways, which 

can reduce the effectiveness of the first successful treatment (44). 

This requires the ongoing surveillance of patients’ genetic pro-

files and the formulation of various therapeutic approaches to 

overcome resistance. 

Notwithstanding these difficulties, targeted treatments 

targeting certain genetic abnormalities have undeniably revolu-

tionized the field of medicine. These treatments have greatly 

enhanced patient outcomes and increased survival rates for sev-

eral forms of cancer and genetic diseases. As our comprehension 

of the genetic foundation of diseases expands, focused medi-

cines will persistently advance and provide optimism for pa-

tients who once had restricted therapy alternatives. 

 
Nanotechnology in Cancer Therapy 
 
Nanoparticle Drug Delivery Systems 
Conventional treatment approaches, including surgery, chemo-

therapy, and radiation therapy, have demonstrated partial effec-

tiveness. However, they frequently lead to significant adverse 

effects and have limited therapeutic efficiency. Nanoparticle 

Drug Delivery Systems (NDDS) have emerged as a viable ap-

proach to tackle these issues in cancer therapy. 

NDDS refers to the method of administering therapeutic 

medications by utilizing nanoparticles as carriers (45). Nanopar-

ticles can be manipulated to possess different dimensions, con-

figurations, and surface compositions, enabling the precise ad-

ministration of therapeutic agents to cancerous cells (46). En-

closing medications within nanoparticles enhances their stability, 

avoiding breakdown in the bloodstream and facilitating regulat-

ed release at the tumor location. 

An important benefit of NDDS is the heightened penetra-

tion and retention effect (EPR). Nanoparticles could selectively 

gather in tumor tissues because of the tumor’s permeable blood 

vessels and decreased lymphatic outflow (47). This accumula-

tion enables the attainment of elevated drug concentrations in 

cancer cells while simultaneously minimizing the impact on 

healthy tissues, hence reducing off-target side effects. In addi-

tion, NDDS can surpass many biological obstacles that restrict 

the efficacy of traditional cancer treatments. Nanoparticles have 

the ability to circumvent the multidrug resistance mechanisms 

frequently acquired by cancer cells, thereby preventing therapy 

ineffectiveness (48). Moreover, NDDS can safeguard medica-

tions against enzymatic degradation and prolong their circula-

tion duration, hence enhancing their therapeutic capacity. 

Nevertheless, there are obstacles that must be confronted 

in the process of creating NDDS for cancer treatment. Extensive 

research and optimization are necessary due to the intricate na-

ture of nanoparticle design, production, and characterization. 

Furthermore, it is crucial to thoroughly assess the possible tox-

icity of nanoparticles to guarantee the safety of patients. 

Another obstacle lies in the heterogeneity of malignancies. 

Tumor cells could acquire resistance to specific medications, 

which reduces the effectiveness of NDDS. To address this issue, 

scientists are investigating the utilization of various medications 

encapsulated in nanoparticles to optimize the therapeutic effect 

and reduce the development of drug resistance. 

Notwithstanding these difficulties, the outlook for NDDS 

in cancer treatment appears encouraging. The ongoing progress 

in nanotechnology and drug delivery systems will continue to 

improve the therapeutic capabilities and safety of NDDS (49). 

The advancement of multifunctional nanoparticles, capable of 

concurrently administering various medications and imaging 

agents, exhibits significant potential for customized medicine 

and targeted cancer treatment. Moreover, the incorporation of 

NDDS with additional therapeutic approaches, such as immu-

notherapy or gene therapy, can significantly augment their effec-

tiveness. By using nanoparticles to transport im-

mune-stimulating chemicals or gene editing tools, it is possible 

to increase the body’s immune response against cancer cells in a 

synergistic manner, resulting in superior outcomes. 

 
Theranostics: Simultaneous Therapy and Di-
agnosis 
Theranostics is an emerging discipline in medicine that inte-

grates therapy and diagnosis into a unified entity, offering a 

groundbreaking approach to healthcare (50). Conventional 

medical treatments frequently require distinct diagnostic tests to 

detect an illness and subsequent medications for therapy. Nev-

ertheless, theranostics combines the diagnostic and therapeutic 

elements, providing numerous advantages for patient care.  

Theranostics utilizes nanoparticles, biomarkers, and im-

aging techniques to detect and treat diseases simultaneously (51). 

The nanoparticles, capable of being infused with curative sub-

stances, are engineered to selectively target tissues or cells 

within the organism. Furthermore, these nanoparticles can 

transport imaging agents, enabling real-time observation, and 

monitoring of the therapy. This technique not only improves the 

precision of diagnosis but also allows for individualized and 

focused therapy. 

An important benefit of theranostics is the ability to diag-

nose and intervene at an early stage. Through the integration of 

diagnostic and therapeutic methodologies, clinicians are able to 

detect diseases in their early phases, enabling prompt and en-

hanced treatment. For example, in the field of cancer treatment, 

theranostics can assist in identifying the minimum residual dis-

ease, facilitating prompt intervention, and mitigating the risk of 

relapse (52). 

Moreover, theranostics can enhance patient outcomes and 

decrease healthcare expenses. Integrating diagnosis and therapy 

can prevent unnecessary treatment procedures and redundant 
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diagnostic testing, resulting in quicker recovery periods and 

substantial financial savings (53). In addition, the utilization of 

nanoparticles enables precise drug delivery, minimizing the risk 

of adverse effects by specifically targeting affected areas while 

preserving healthy cells. 

Theranostics offers a notable advantage in the realm of 

individualized medicine. Theranostics enables the customization 

of treatment programs by adapting therapies to individual pa-

tients, taking into account their distinct disease characteristics, 

genetic makeup, and response to therapy (54). This strategy 

enhances the effectiveness of treatment and reduces the likeli-

hood of unpleasant responses or treatment failures that are fre-

quently observed in therapies that are designed to fit everyone. 

Nevertheless, theranostics also poses many obstacles. 

First and foremost, the advancement and refinement of 

theranostic agents necessitate a thorough investigation and sub-

stantial financial commitment. The successful execution of this 

innovation process necessitates the cooperation of interdiscipli-

nary teams comprising chemists, biologists, engineers, and doc-

tors. Hence, the availability of funds and the allocation of re-

sources are obstacles to the extensive adoption of theranostics. 

An additional obstacle exists in the regulatory framework and 

the procedures for obtaining approval. Given the integrated 

characteristics of theranostics, regulatory authorities may need 

supplementary validation and substantiation to ensure its safety 

and effectiveness. This elongates the process of transferring 

scientific discoveries from the laboratory to practical medical 

applications, which could impede the timely access of 

theranostics to patients who require them. 

 
Gene Editing and Gene Therapy 
 
CRISPR/Cas9 Applications in Cancer Treat-
ment 
CRISPR/Cas9 provides scientists with a potent tool to specifi-

cally target cancer cells, alter genetic material, and fundamen-

tally transform the field of cancer therapy. 

An important utilization of CRISPR/Cas9 in the field of 

cancer treatment is its capacity to accurately pinpoint can-

cer-causing mutations. CRISPR/Cas9 exploits the inherent de-

fense mechanism of bacteria to selectively recognize and attach 

to DNA sequences inside the genome of cancer cells (55). This 

technique streamlines the process of identifying and altering 

oncogenic genes that are responsible for the genesis and ad-

vancement of cancer. It empowers scientists to deactivate these 

genes and impedes the growth of tumors. 

Furthermore, CRISPR/Cas9 has demonstrated immense 

promise in the advancement of individualized cancer immuno-

therapies. Through the manipulation of immune cells, specifi-

cally T cells, researchers can augment their capacity to identify 

and selectively attack cancerous cells (56). The CAR-T cell 

therapy, which is recognized for its efficacy, has demonstrated 

exceptional outcomes in the treatment of specific forms of leu-

kemia and lymphoma, providing optimism to patients who were 

previously considered untreatable. 

CRISPR/Cas9 also shows potential in cancer treatment by 

enhancing the sensitivity of cancer cells to chemotherapy. Scien-

tists can enhance the susceptibility of cancer cells to routinely 

used chemotherapy drugs by modifying certain genes responsi-

ble for chemotherapy resistance using gene editing (57). This 

technique has the capacity to transform cancer treatment by 

diminishing drug resistance and enhancing the efficacy of 

chemotherapy, thereby enhancing patient outcomes. 

CRISPR/Cas9 can be utilized to manipulate tu-

mor-specific viruses for the purpose of cancer treatment. Scien-

tists can utilize CRISPR/Cas9 to alter the genetic material of 

oncolytic viruses, resulting in the creation of viruses that specif-

ically target and reproduce within cancer cells without harming 

healthy cells (28). This technique has demonstrated potential in 

preclinical investigations and presents a possible pathway for 

precise and effective cancer therapy. CRISPR/Cas9 can be em-

ployed to create animal models of cancer for the purpose of 

scientific investigation. By incorporating precise gene abnor-

malities linked to human tumors into animal models, researchers 

can gain a deeper understanding of the molecular pathways be-

hind the onset and advancement of cancer. This can result in the 

creation of more efficient remedies and therapies. 

CRISPR/Cas9 has a significant role in cancer treatment 

via its ability to identify cancer-associated mutations. Scientists 

are employing the gene-editing abilities of CRISPR/Cas9 to 

create precise and effective diagnostic tools for the early diag-

nosis of tumors (59). These technologies identify specific muta-

tions in DNA or RNA, enabling the detection of cancers in their 

initial stages. Timely identification of this condition has the 

potential to significantly enhance survival rates with prompt 

therapies. 

Moreover, CRISPR/Cas9 presents the potential to provide 

innovative, precise treatments for cancer. By utilizing this tech-

nology to ascertain pivotal oncogenes or tumor suppressor genes, 

scientists can devise medicines to specifically target these genes 

and impede their function, resulting in tumor regression (60). 

This method has the capacity to limit off-target effects, therefore 

decreasing side effects and enhancing patient results. 

CRISPR/Cas9 can be used as a research instrument to screen 

extensive collections of genes to pinpoint prospective therapeu-

tic targets. Through a methodical process of modifying many 

genes in cancer cells, scientists can pinpoint the specific genes 

that are essential for the survival or rapid growth of cancer cells. 

This understanding can inform the advancement of precise 

therapeutic interventions that capitalize on the weaknesses of 

cancer cells, resulting in enhanced efficacy of treatments. 

CRISPR/Cas9 has the capacity to unravel the enigmas be-

hind cancer metastasis, a phenomenon that accounts for the bulk 

of fatalities associated with cancer. Through the manipulation of 

genes associated with metastasis, researchers can acquire a 

deeper understanding of the mechanisms that drive the dissemi-

nation of cancer cells and potentially create interventions to 

impede or stop the spread of cancer. 

 
Oncolytic Viruses and Gene Therapy Ap-
proaches 
Oncolytic viruses are genetically engineered viruses that are 

specifically engineered to infect and reproduce within cancer 

cells (61). These viruses can be modified to specifically cause 

the death of cancer cells, either by triggering cell death or by 

stimulating an immune response against the tumor. The adeno-
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virus is a frequently employed oncolytic virus that has under-

gone substantial research and modifications for therapeutic pur-

poses. These viruses can be additionally altered to transport 

genes that increase their ability to destroy cancer cells or to di-

rectly produce therapeutic genes inside the tumor. 

Gene therapy methods, however, consist of introducing 

therapeutic genes into cancer cells to rectify a genetic anomaly 

or to amplify the immune system’s anti-cancer properties (62). 

There are multiple approaches to accomplishing this, including 

the administration of viral vectors or the utilization of non-viral 

vectors like liposomes or nanoparticles. Therapeutic genes can 

be engineered to specifically eliminate cancer cells, impede the 

growth of tumors, or bolster the immune system’s ability to 

target the tumor. 

The processes by which oncolytic viruses and gene thera-

py approaches work can differ based on the virus or gene em-

ployed. Oncolytic viruses could eliminate cancer cells by either 

activating the production of harmful genes within the tumor or 

by triggering apoptosis, a controlled cell death mechanism (63). 

Moreover, these viruses can activate the immune system to iden-

tify and combat cancerous cells. Gene therapy methods, howev-

er, can stimulate anti-cancer effects by impeding tumor growth, 

triggering cell death, or augmenting the immune response 

against the tumor. 

An instance showcasing the capacity of oncolytic viruses 

is the utilization of the herpes simplex virus (HSV) for the ther-

apeutic intervention of melanoma. HSV has the capacity to se-

lectively invade and reproduce within melanoma cells, resulting 

in their eradication (64). Furthermore, the virus can be manipu-

lated to generate a protein known as granulocyte-macrophage 

colony-stimulating factor (GM-CSF), which can augment the 

immune response against the tumor. Trials involving the use of 

oncolytic HSV in a clinical setting have demonstrated encour-

aging outcomes, as several patients have displayed either com-

plete or partial remission of tumors. 

Likewise, gene therapy methods have demonstrated sig-

nificant promise in the treatment of cancer. CAR T-cell therapy 

is a revolutionary gene therapy method that has been developed 

to treat specific types of blood malignancies. This treatment 

involves the genetic modification of a patient’s T cells to express 

CARs that specifically target tumor antigens (65). This modifi-

cation enhances the immune system’s capacity to identify and 

eliminate cancer cells. The efficacy of CAR T-cell therapy in 

treating patients with relapsed or refractory leukemia and lym-

phoma has been remarkable, resulting in its approval by regula-

tory agencies. 

Given these encouraging outcomes, oncolytic viruses and 

gene therapy techniques are accompanied by hurdles and limits. 

A significant obstacle lies in the transportation of these treat-

ments to the specific location of the tumor. The immune system 

and other physiological barriers within the body can impede the 

efficient administration of oncolytic viruses and gene treatments, 

consequently diminishing their therapeutic effectiveness. Fur-

thermore, there is a lingering concern regarding the possibility 

of unintended effects on non-targeted areas and the activation of 

immune responses against the therapeutic vectors or genes. 

Conclusions 
Cancer therapy encompasses a variety of interventions aimed at 

specifically targeting and eradicating malignant cells within the 

human body. The field is broad and includes multiple treatment 

methods like as surgery, radiation therapy, chemotherapy, im-

munotherapy, targeted therapy, and hormonal therapy. Every 

method is customized to address the specific requirements of 

individual patients, considering characteristics such as tumor 

type, stage, and overall health state. Surgery is the excision of 

malignant tissues via surgical interventions, whereas radiation 

therapy employs high-energy beams to eradicate cancer cells or 

impede their proliferation. Chemotherapy utilizes systemic ad-

ministration of medicines to eradicate proliferating cancer cells. 

Immunotherapy seeks to enhance the patient’s immune system’s 

ability to combat cancer cells by utilizing chemicals produced 

endogenously or synthesized in a controlled environment. Tar-

geted therapy aims to inhibit the activity of specific molecules 

that play a role in the growth and dissemination of tumors. 

Hormonal therapy is typically employed for hormone-dependent 

malignancies, such as breast and prostate cancer. As continuous 

research efforts have resulted in enhanced results and higher 

rates of survival for several individuals, the field of cancer ther-

apy has made substantial advancements in recent decades, re-

sulting in notable enhancements in both the survival rates and 

the quality of life for individuals diagnosed with cancer. Never-

theless, the domain of cancer therapy is perpetually advancing, 

with scientists consistently investigating novel methodologies 

and technology to enhance therapies. 

Targeted therapies are a promising approach in the field of 

cancer therapy. Conventional chemotherapy is designed to 

eliminate cells that divide quickly, but it frequently impacts 

healthy cells too, resulting in significant adverse effects. Target-

ed therapies specifically target chemicals or genetic defects that 

are seen in cancer cells. Through targeted assault on cancer cells, 

these medicines have the potential to diminish adverse effects 

and enhance efficacy. An instance of this is the significant im-

pact made by the advancement of tyrosine kinase inhibitors on 

the therapy of specific cancer types, such as chronic myeloid 

leukemia. Scientists are currently investigating further objec-

tives and developing customized medicines for various types of 

cancer, which have the potential to result in more individualized 

and efficient treatments. 

Immunotherapy represents a promising avenue for future 

advancements. Immunotherapy utilizes the body’s immune sys-

tem to combat cancer cells. This method has significant potential 

as it harnesses the body’s innate immune system to specifically 

target and eliminate cancer cells. Immunotherapies, such as 

immune checkpoint inhibitors, have demonstrated exceptional 

efficacy in some cancer forms, notably melanoma and lung can-

cer. Researchers are advancing their comprehension of the im-

mune system and its interactions with cancer cells, leading to the 

development of innovative strategies to augment immune re-

sponses against malignancies. Researchers are currently inves-

tigating the use of combination immunotherapies and immune 

therapies that target many components of the immune response. 

The goal is to enhance the efficacy and longevity of treatment. 

Nanotechnology is a highly promising field in the realm 

of cancer treatment. Nanoparticles can be designed to transport 

medications directly to cancerous cells, thereby reducing harm 

to healthy tissue. These particles can specifically target tumors 
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by either attaching specific receptors on cancer cells or exploit-

ing the distinct characteristics of tumor blood vessels. In addi-

tion, nanoparticles can be engineered to deliver medications in a 

regulated fashion, guaranteeing extended contact between can-

cer cells and therapeutic substances. Nanotechnology facilitates 

the utilization of sophisticated imaging methods for the detec-

tion and surveillance of cancer, while also offering vital insights 

into therapy efficacy. 

Gene therapy employs many methods to deliver therapeu-

tic genes into cancer cells to augment their capacity to combat 

the disease. Viral vectors are frequently employed as a means of 

introducing genes into cancer cells by utilizing genetically en-

gineered viruses. Therapeutic genes can be engineered to gener-

ate targeted proteins that hinder the growth of tumors or trigger 

programmed cell death. For example, including genes that en-

code immune checkpoint inhibitors can facilitate the removal of 

restrictions on the immune system, enabling it to identify and 

eradicate cancer cells more efficiently. Gene editing technolo-

gies, such as CRISPR-Cas9, are demonstrating potential in the 

field of cancer therapy. These technologies enable accurate ma-

nipulation of genes, providing the ability to rectify genetic de-

fects, repress cancer-causing genes, or augment the production 

of tumor-suppressor genes. Gene editing has the potential to be 

beneficial for creating cancer treatments that are customized to 

each patient’s unique genetic composition. Nevertheless, much 

scientific investigation and ethical deliberations over gene edit-

ing must be resolved prior to its extensive implementation in 

cancer treatment.■ 
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