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Abstract: Gene therapy is a new method for treating various diseases. In 1989, it started to be used a lot in 

research projects, and this therapy has come a long way since then. It was not by accident that the first 

commercial gene therapy was developed for a neoplasia in 2003, as the majority of gene therapy clinical 

trials focus on cancer. By and by, a few troublesome occasions have been seen in the utilization of this 

treatment bringing about its severe reconnaissance and in the advancement of making more secure helpful 

regimens. As of now there are a wide assortment of quality treatment proposition including an enormous 

number of antitumor sub-atomic components that will possibly prepare for profoundly powerful treatment 

choices. Gene therapy's efficacy, safety, and commercial availability remain limited despite significant 

advancements in the fight against cancer. It is anticipated that these restrictions will gradually be 

eliminated. 
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I. INTRODUCTION 

In 1990, children with adenosine deaminase deficiency, a severe combined immunodeficiency syndrome, participated 

in the first clinical trial of gene therapy [1]. Since then, more than 400 clinical protocols have been used to treat more 

than 5000 patients worldwide. A new outline of 425 distributed preliminaries shows the accompanying conveyance of 

"signs" for quality treatment: 65.6% of cases are cancer, 12.9% are caused by genes, 7.8% are infectious, 3.8% are 

other diseases, 9.4% are caused by genes, and 0.5 percent are healthy volunteers [2]. With the exception of the illfated 

endeavor at quality treatment which prompted the September 1999 demise of a young fellow [3], secondary effects 

were uncommon and typically gentle, and articulation of the transgene could be shown in patients invivo. Alain 

Fischer's team has demonstrated a first gene therapy breakthrough by apparently curing two boys with severe combined 

immunodeficiency disorder (SCID) [4]. 

 
FIG. 1. TREATMENT OF CANCER BY GENE THERAPY 

 



IJARSCT  ISSN (Online) 2581-9429 

    

 

       International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

                               International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 4, Issue 2, December 2024 

Copyright to IJARSCT DOI: 10.48175/IJARSCT-22733   274 

www.ijarsct.co.in  

Impact Factor: 7.53 

II. LITERATURE SURVEY 

Christoph F. Rochlitz,2015,Gene therapy was initially thought of as a means to correct single gene defects in hereditary 

disease. In the meantime, cancer has become by far the most important indication for gene therapy in clinical trials. In 

the foreseeable future, the best way to achieve reasonable intratumoral concentrations of a transgene with available 

vectors is direct intratumoral injection with or without the aid ofvarious techniques such as endoscopy or CT-guid-

ance.A 1996 evaluation of the first 7 years of gene therapy concluded that gene therapy was safe and feasible, but that 

none of the more than one hundred clinical studies performed so far had formally proven the efficacy of the approach in 

any human disease. 

Hakan Akbulut, Muge Ocal and Gizem Sonugur, 2016, Cancer treatment has been the major goal of the gene therapy 

studies over the decades. Although there is no cancer gene therapy drug in the market yet, substantial progress has been 

made in defining potential targets and in developing viral and nonviral gene delivery systems recently. Numerous genes 

have been studied as the targets for cancer gene therapy so far. Various gene therapy strategies, including suicide gene 

therapy, oncolytic viral therapies, antiangiogenesis, and gene therapy vaccines have been developed. The combination 

of gene therapy with conventional methods, such as chemotherapy, radiotherapy, and immunotherapy, has further 

improved the therapeutic efficacy. Although the preclinical and experimental studies have yielded highly encouraging 

results, there are still few gene therapy agents at phase III trials. In the current chapter, we will review gene transfer 

systems, targets, gene targeting strategies, and cancer gene therapy in the clinic.Indeed, the nature of the distant spread 

of the disease, which causes the failure of conventional treatment modalities, is also one of the main drawbacks of gene 

therapy of cancer. 

Irma Alicia Martínez-Dávila and Iván Delgado Enciso,2011,Gene therapy is a new tool used in combating different 

diseases. It began to be intensely used in research projects in 1989 and important advances have been made in this 

therapy since then. The majority of gene therapy clinical trials are focused on cancer and so it was no coincidence that 

the first commercial gene treatment in 2003 was for a neoplasia. Nevertheless, some unfavorable events have been 

observed in the use of this therapy resulting in its strict surveillance and in the promotion of creating safer therapeutic 

regimens. Currently there are a wide variety of gene therapy proposals involving a large number of antitumor molecular 

mechanisms that will conceivably pave the way for highly effective treatment options. Despite the significant advances 

that have been made in gene therapy in the fight against cancer, its efficacy, safety and commercial availability are still 

limited. These limitations are expected to gradually be overcome.Gene therapy against cancer is a reality with a 

promising future. The hope for a miracle cure for cancer can be felt in the ideas that sustain gene therapy but not yet in 

its reality. It is atherapeutic area that has practically just begun and this makes the first commercial vectors expensive. 

Vectors are useful in very specific cancers and patients and although they do not yet provide a cure, they do improve 

patient quality of life and will continue to do so more and more. This type of therapy seems to be an adequate path to 

follow to successfully fight malignant tumors. However, there is still a long way to go before the ideal vector is found. 

Kenneth K. Tanabe, James C. CusackJr., in Surgical Research, 2001,Gene therapy has rapidly emerged as a new tool to 

treat human diseases. Cancer gene therapy represents a natural by-product of the numerous advances made in the fields 

of cancer biology, molecular biology, immunology, molecular genetics, and virology. In many instances, gene therapy 

approaches to cancer have been designed to augment currently existing therapies, such as chemotherapy and 

immunotherapy. In other instances, gene therapy has provided the tools necessary to exploit newly gained insight into 

the role of oncogenes and tumor suppressor genes. The past decade has produced many promising leads in the field of 

cancer gene therapy, many of which are being examined in clinical trials. Unfortunately, gene therapy has yet to 

produce its first cancer cure. Successful cancer gene therapy approaches will require development of vectors. 

Aliza Applebaum graduated September 2017,Although gene therapy as a treatment option for cancer has had some 

setbacks and inconclusive results, it still provides a large source of hope for cancer patients. The paradigm of treating 

cancer is slowly shifting due to the ongoing progress of gene therapy. Based on the studies presented above, overall 

gene therapy, whether administered through a viral vector or a non-viral vector, was successful in treating a portion of 

the patients. Additionally, even in the studies done in which small or no substantial recovery was obtained, there were 

no consider-able adverse effects on the patients treated with gene therapy. This greatly contrasts standard treatments 

like chemotherapy that cause an array of adverse effects on the patient without necessarily providing complete removal 

of the cancer. Thus, even though gene therapy may not provide a complete cure against cancer, it is a promising 
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alternative to standard cancer treatment. With the constant hard work and progress of medi-cal researchers and 

physicians that is presently taking place, it is anticipative to say that gene therapy will provide great relief to many 

cancer patients in the coming years 

 

III. AIM 

To study gene therapy of cancer. 

 

OBJECTIVE 

Gene therapy replaces a faulty gene or adds a new gene in an attempt to cure disease or improve your body's ability to 

fight disease. Gene therapy holds promise for treating a wide range of diseases, such as cancer, 

 

IV. DEFINATION OF GENE THERAPY 

The process of inserting nucleotide sequences (DNA or RNA) into a cell to treat or prevent a disease is known as gene 

therapy. The information needed to make a protein in the cell is typically carried by introduced genes (figure 1) [5]. The 

transfer of genes or genetic material is done with the intention of either introducing a new function or interfering with 

one that already exists, reestablishing a cellular function that has been lost or altered. The application of gene therapy to 

the treatment of a disease brought on by a defective gene in a patient's cells is a straightforward illustration. A defective 

protein incapable of performing a particular function would be produced by this defective gene. A normal gene could 

be introduced into the patient's cells using gene therapy, which would produce the required protein and treat the disease. 

Notwithstanding, subbing the capability of a deficient quality by supplanting it with another gene is as of now 

extremely challenging. Not many tasks have effectively accomplished this and there have been unfriendly impacts that 

can be intense [6]. Gene therapy is currently being developed with somatic cells in mind rather than germ cells. This 

makes sure that genetic transference only affects the original person and not their children [7]. Three fundamental 

components combine to form the basis of various gene therapy strategies: the type of target cell, the transference 

technique, and the genetic material to be transferred. 

 

V. CANCER IS COMPLEX GENETIC DESEASE 

It has long been hypothesized that the cancer started as a single cell that was altered by environmental factors like 

viruses, chemicals, and the environment. A normal cell must undergo hundreds of "mutations" in order to become a 

cancer cell. Oncogene activation or inactivation of tumor suppressor genes are typically the most significant functional 

changes that transform a cell. The overexpression of oncogenes and loss of capability of cancer silencer qualities 

typically prompt dangerous change. Those changes are likewise expected for additional development of cancer cells. In 

most cases, a transformed cell acquires important biological properties in order to cause a disease that is cancerous. A 

recent review by Hanahan and Weinberg [8] discusses these properties in detail, including uncontrolled proliferation, 

evasion of growth suppressors, inhibition of apoptosis, replicative immortality, angiogenesis, proliferative signals, 

invasion, and metastasis. The majority of current targeted therapies have aimed to eliminate one or more of the 

aforementioned characteristics of cancer cells, whereas conventional chemotherapy has primarily focused on the direct 

killing of tumor cells. The focusing of angiogenesis, expansion pathways, and safe framework has yielded various 

medications that are now on the lookout. Cancer cells cannot expand beyond a diameter of 1–2 millimeters without 

expanding their blood supply in order to meet their ever-increasing demand for oxygen and nutrients. Through a 

process known as angiogenesis [9], the tumor tissue stimulates the formation of its own vessel network in order to 

generate the additional blood supply. In the event that one could cut the blood supply of the cancer, it can't develop past 

1-2 mm, and that implies that they can't develop to the point of being analyzed by the momentum symptomatic 

innovation and can't cause a clinical illness. Bevacizumab and aflibercept—targeting ligands of angiogenesis or small 

tyrosine kinase inhibitors of angiogenesis pathway receptors or signaling molecules—have already established 

themselves as standard therapeutic agents for a variety of tumors [10]. The overexpression of oncogenes and the 

deficiency of capability of cancer silencer qualities are typically engaged with both dangerous transformation of the 

phones and further development of growth cells. Another age of little particles focusing on expansion pathways, as 

gefitinib, erlotinib, and imatinib, has been created to hinder the malignant growth causing signals inside disease cells 
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and become standard medicines in those patients with transformations of EGFR or c-Pack [11]. Immune response 

atoms, focusing on the EGFR group of receptors like trastuzumab, cetuximab, and panitumumab additionally block the 

development advancing signs that drive disease cells into an unregulated example of development [11]. As opposed to 

standard chemotherapy, which is very harming to the ordinary tissues of the body as well as the malignant growth 

tissue, the designated drugs are very unambiguous for the disease cells and hence somewhat liberated from incidental 

effects. Although the majority of cancer patients have an immune system that is fairly healthy, the immune system's 

cells typically do not respond to tumor cells because the immune system is unable to distinguish between cancer cells 

and normal cells, which means it cannot fight them. The goal of immunotherapy, also known as cancer vaccine therapy, 

is to activate the immune system to fight tumors. Ipilumumumab/tremelimumab and pembrolizumab/nivolumumab, 

which target immune response checkpoints like CTLA-4 or PD1, have also been approved recently [12]. Similarly, 

sipuleucel T, a dendritic cell-based vaccine, was approved two years ago for the treatment of metastatic prostate cancer 

[13]. Those pathways have been influenced by and controlled by hundreds of genes. Cancer is a genetic disease at the 

cellular level because it is caused by a series of changes in normal cell genes. The contribution of qualities in the 

improvement of the illness likewise makes the sickness a decent contender for quality treatment. Consequently, quality 

treatment has arisen as the expectation of corrective therapy methodology in disease. 

 

VI. METHODS 

This paper's research literature was obtained from the Touro College Online library. The student conducted searches in 

the Touro College Online Library, which led him or her to Proquest and PubMed, where the majority of the articles 

were found. Additionally, articles from other scholarly websites were utilized. The articles talked about ex-perimental 

concentrates on finished and the intensive investigation of these ar-ticles took into account the evaluation of quality 

treatment's practicability. The formal analysis was also written with the help of review articles.. 

 
FIG. 2. GENE THERAPY OF CANCER 
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VII. GENE TRANSFER SYSTEM OF CANCER GENE THERAPY 

Genes can be transferred into tumor cells in three main ways: cell-based vehicles, viral vectors, and nonviral vectors. 

The majority of tumors may be eradicated by the expression of therapeutic genes for a relatively brief period of time. 

Fast freedom of viral vectors from the circulation system has empowered the advancement of engineered quality 

conveyance vectors. Nonetheless, a significant disadvantage for these methodologies is to convey the DNA important 

to the far off metastatic stores. Most of the time, the nonviral gene delivery vectors have been injected directly into the 

tumors. Albeit nearby infusion is sensible for growths as melanoma, head and neck diseases, or peritoneal 

carcinomatosis; Patients with hematogenous metastases should not use it. Nonviral vectors for gene therapy have the 

same limitations as viral vectors. To be arrested in the target tumor tissue, extravasate, bind to specific cells, enter the 

cells, and finally reach the nucleus, they must survive through the blood stream. 

 

7.1 Nonviral vectors 

Plasmid DNA, which is for the most part utilized as nonviral quality treatment methodology, is effortlessly corrupted 

by nucleases [15]. As a result, some plans to shrink it and stop it from deteriorating have been developed. Cationic 

lipids are the most frequently used agents for gene delivery [16]. Lipids' cationic head group binds to DNA, and the 

lipid tail makes it possible for the DNA-lipid complex to break apart [17]. Cationic lipid DNA edifices (lipoplexes) 

(LPD/DNA) enter the objective cell through an endosomal pathway. Be that as it may, the transgene articulation 

proficiency is exceptionally low with lipoplexes. It has been demonstrated that only a very small amount of the DNA 

injected systemically could reach tumor tissue [18]. The majority of gene delivery formulations based on lipids have 

only been used in intratumoral or local settings. Adverse inflammatory and immune reactions may occur with systemic 

administration. The improvement of fundamental lipid conveyance frameworks with the alterations to lessen the 

foundational poisonousness could have the potential for clinical use in malignant growth quality treatment. Folate-

targeted lipid–protamine DNA complexes (LPD-PEG-folate) have been shown to reduce tumor volume and increase 

survival when administered systemically in a breast cancer animal model [18]. Nonpartisan liposomes made out of 

DOPC (1,2-dioleyl-sn-phosphatidyl choline) and DOPE (1,2-dioleyl-sn-phosphatidyl ethanol amine) and polycationic 

transporter proteins as protamine, polylysine, polyarginine, polyhistidine, or polyethynilemine (PEI) are likewise 

reasonable to convey the DNA [19]. In order to extend DNA's half-life in the blood, hydrophobic polymers like 

polyethylene glycol (PEG), polyhydroxy propylmethacrylamide (pHPMA), and polyvinyl pyrrolidine (pVPyrr) have 

also been utilized [20]. When administered systemically, the neutral liposomes and hydrophobic polymers produce less 

toxicity. The tumors' blood vessels are susceptible to leakage, which makes it possible for macromolecules like 

polymer-shielded DNA to enter the tumor. Animal subcutaneous tumors have been found to passively accumulate 

PEGylation of plasmid DNA after it circulates in the blood for several hours [21]. 

 

7.2 Viral Vectors 

Infections have the inherent capacity to convey the nucleic acids inside its own genome to explicit cell types, including 

malignant growth cells. These appealing and well-liked gene-delivery vehicles are the result of this capability. In the 

treatment of cancer, baculoviruses, retroviruses, adenoviruses, adeno-associated viruses, herpes simplex virus, 

poxviruses, and poxviruses are frequently modified and utilized as gene therapy vectors. Chimeric viral-vector systems 

that combine the characteristics of two or more distinct virus types are also being developed. A lipid envelope and a 

linear single-stranded RNA of approximately 7–10 kb make up retroviral vectors derived from retroviruses. Retrovirus-

specific receptors are expressed when the viral particles enter mammalian cells [22]. The viral reverse transcriptase 

converts the virus RNA into double-stranded DNA (dsDNS) once it enters the cell. By binding cellular proteins, the 

dsDNA transcribed in the cytoplasm creates a nucleoprotein preintegration complex (PIC) [23]. The PIC moves to the 

core and accordingly incorporates the host genome. Retroviral vectors for cancer gene therapy have the advantage of 

only allowing transgene expression in cells that are dividing, preventing unwanted expression in nondividing tissues. 

Transgene expression over time is made possible by retroviral genes being incorporated into the host genome. Although 

this is advantageous, a nonspecific incorporation of viral DNA may cause host gene function to be compromised or 

cellular oncogene expression to be abnormal [24]. The risk of insertional oncogenesis seen in the trial of X-SCID 

infants in 2003 has limited the use of retroviral gene transfer systems in humans [25] despite the fact that retroviral 
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vectors have been the most widely used vehicle for gene transfer in the clinic. Another safety concern regarding the 

clinical use of those vectors is the possibility of producing retroviruses capable of replication [26]. Long-term gene 

expression can be achieved with stable integration of the transgene into the host genome by lentiviral vectors derived 

from retroviruses. Compared to retroviruses, these vectors are a better and more effective vehicle for gene transfer 

because they can transduce both dividing and nondividing cells. Focusing on methodologies of vectors at the degree of 

cell section and transgene record worked on the utilization of lentiviral vectors in quality treatment preliminaries [27]. 

However, these vectors are constrained by the biosafety concerns posed by random integration into the host genome, as 

in retroviruses. The therapeutic genes are frequently introduced into the tumor cells using adenoviral vectors. They can 

taint an expansive scope of cell types, move the qualities being not subject to cell division, and have high titers and 

elevated degree of quality articulation [28]. Type 5 (Ad5) and type 2 (Ad2) of adenoviruses are the most frequently 

used serotypes for developing vectors in human cancer gene therapy research. They have the limit of around 8-10 kb of 

helpful qualities with original vectors and up to 36 kbp with gutless third era adenoviral vectors [29]. Notwithstanding, 

alongside the immunogenic potential, the expansive scope of host cells by adenovirus restricts its fundamental use in 

human disease quality treatment preliminaries [30]. In human gene therapy trials, the utilization of adenoviral vectors 

has been made possible by targeting strategies. Adenoviral vectors can't incorporate to cell genome and express the 

transgene episomally. They are unable to cause random mutations. However, expression of the transgene is restricted to 

7–10 days after infection [31]. Thusly, rehashed organizations of the vector are expected to accomplish economical 

reactions in disease treatment. By deleting the immediate early genes of the E1 region, adenoviruses could be 

engineered to be either replication-deficient or replication-competent. Oncolytic viruses will provide a more in-depth 

discussion of replication-capable adenoviral vectors. Simple viruses known as adeno-associated viruses (AAVs) have 

approximately 4.7 kilobases of single-stranded DNA [32]. They are a member of the parvovirus family and require a 

helper virus like adenovirus or herpes virus for lytic replication and cell release [33]. They are able to infect a wide 

range of cells without interrupting the cell cycle. This property makes AAV as appropriate vectors for malignant growth 

quality treatment. Moreover, not at all like adenoviruses, they get minimal resistant reaction when taint the ordinary 

host cells. The ability of AAV to integrate the transgene into a specific location on the 19th chromosome of human cells 

is another advantage that sets them apart from adenoviruses [34]. Dissimilar to retroviruses, AAV can't incite 

transformations. However, the main disadvantage of AAV is that it can only carry about 4 kilobytes of therapeutic 

genes in its cargo. AAV was able to transduce some kinds of cells. Subsequently, focusing on methodologies like 

adjustment of viral capsid proteins, restricting monoclonal antibodies, or bispecific proteins have been created to work 

on the proficiency of AAV frameworks in disease quality treatment [35,36,37,38]. Baculoviruses are wrapped viral 

particles with a huge dsDNA of roughly 80-180 kb. They naturally infect the cells of insects. There have been no 

sicknesses connected with baculoviruses in people. Alongside their profoundly security profile in people, they appear to 

be exceptionally valuable quality treatment vehicles with their exceptionally huge freight limit of around 40 kb with 

conceivable various 

embeds, simple control, and creation [39]. The Autographa californica multiple nucleopolyhedrovirus (AcMNPV) is the 

type of baculovirus that is utilized in gene therapy research the most frequently. It has a 135 kb circular dsDNA genome 

[38]. They easily induce high transgene expression in the host cell and can easily transduce mammalian cells, including 

many types of cancer cells.l [40,41]. They have already received approval to manufacture human vaccine components, 

such as Cervarix (GlaxoSmithKline) for the treatment of prostatic cancer and Provenge (Dendreon) for the treatment of 

cervical cancer [42,43]. Herpes simplex infection (HSV) is a huge DNA infection with roughly 152 kb of dsDNA 

genome. It cannot integrate into the host genome and has a natural affinity for nerve tissues [44]. There are three 

distinct designs for HSV vectors: replication-competent, replication-defective, and amplicons [446]. In studies on 

cancer gene therapy, replication-competent HSV vectors are typically utilized as oncolytic agents [45]. The first viruses 

to be utilized as gene therapy vectors were poxviruses. They have been utilized in the in vitro creation of proteins and 

as live antibodies. Poxviruses in their attenuated forms have been developed and utilized in the creation of genetic 

cancer vaccine trials [47]. Poxviruses are ideal agents for inducing immunity against tumors due to their 

immunostimulatory properties. The attenuated MVA virus derived from the Turkish smallpox vaccine strain 

chorioallantoid vaccinia Ankara (CVA) has been extensively utilized in cancer vaccine development strategies [48]. 
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VIII. GENETIC MATERIAL TO BE TRANSFERRED 

The majority of nucleotide sequences are genes, which are the sequences that a cell will use to make a protein. The 

therapeutic gene must perform a function that aids in disease treatment. On account of infection brought about by a 

damaged (transformed) quality the expectation is to present a typical quality. A growth factor gene is added in order to 

create new tissue. In the case of cancer, the objective is to either stop the growth of neoplastic cells or get rid of them. 

Coming up next are the most well-known adjusted elements of carcinogenic cells: 1) uncontrolled rapid growth, 2) 

invasion of vital organs, 3) rapid angiogenesis, and 4) evasion of the immune system to avoid being eliminated [49]. 

Anticancer therapeutic genes will need to either produce cytotoxic effects that directly cause malignant cell death or 

block these capabilities of cancer cells. In human gene therapy trials, more than 220 different genes have been 

introduced into cells. Anti-angiogenic genes, tumor-suppressor genes (pro-apoptotic), suicide genes (that produce a 

direct toxic effect), anti-angiogenic genes, and, to a much lesser extent, antisense or short interfering RNA are the ones 

that are most frequently used to combat cancer. The latter two are capable of interfering with and preventing the 

production of a selected gene. Other much of the time utilized qualities are the development factor qualities. They are 

almost all being used to combat cardiovascular diseases, not cancer. Before therapeutic proteins or interfering RNA 

molecules can be produced, the genes or therapeutic sequences inside the cell need to be activated. This is made 

possible by regulating sequences known as promoters, which control genes. A therapeutic gene will always have a 

promoter that controls its "activation" or expression (see the section titled "Targeting Gene Therapy for Cancer")[50]. 

 

IX. DISCUSSION AND RESULT 

Currently, chemotherapy is the most common treatment for cancer. There are an assortment of short-and long haul 

incidental effects that can result from chemotherapy. While long-term incidental effects cause more serious and 

extremely long-lasting harm, transient aftereffects are secondary effects that are present during the treatment hour and 

frequently reversible. Short-term effects include baldness, illness, and vomiting, all of which have the potential to 

disrupt patient compliance at times. Some patients do experience long-term side effects like arthritis, appendicitis, and 

thyroid damage, though this is less common. These are only a few of the more typical adverse effects; However, the 

unique circumstances of each patient may pose additional dangers. Patients would tolerate chemotherapy better if they 

were assured that it would completely eradicate the disease. Chemotherapy, on the other hand, is frequently not the best 

option because it frequently fails to remove the cancer from the body. This paper will examine gene therapy to 

determine whether it is an improved treatment for cancer patients or simply another partial treatment. Other questions 

that need to be answered include how well it works and what side effects it causes. 

 

X. CONCLUSION 

Gene therapy for cancer treatment is a real possibility with bright prospects. The concepts that underpin gene therapy 

evoke a sense of hope for a miraculous cancer cure, but its implementation is still years away. It is atherapeutic region 

that has basically quite recently started and this makes the main business vectors costly. Vectors are valuable in 

unmistakable tumors and patients and despite the fact that they don't yet give a fix, they truly do work on persistent 

personal satisfaction and will keep on doing so to an ever increasing extent. To combat malignant tumors with success, 

it appears that this type of treatment is sufficient. However, before the ideal vector is found, there is still a considerable 

distance to travel. 
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