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Abstract 

Oncolytic viruses (OVs) are a promising cancer-fighting agent that has gained widespread attention due to recent 

advances in virology and molecular biology. These viruses selectively infect and multiply inside tumor cells, causing 

them to rupture and release newly synthesized viruses that stimulate the body's immune system to target the tumor cells. 

Clinical investigations have shown that OVs can effectively eliminate cancer cells that are resistant to traditional 

treatments, which is why over 100 clinical trials are currently exploring the possibility of combining them with other 

therapies for better efficacy. Although OVs have demonstrated enormous potential, their effectiveness in treating solid 

tumors is still limited. Therefore, researchers are continuously developing new viral families that can exclusively 

replicate in tumor cells. Currently, T-VEC is the only FDA-approved oncolytic virus, but with ongoing phase I-III clinical 

studies, more promising treatments are on the horizon. Furthermore, this review article provides a comprehensive 

overview of OVs, including their mechanism of action delivery routes, challenges in oncolytic virotherapy, current 

developments, the efficacy of OVs when combined with other cancer treatments, and prospects for future research. 
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Introduction 

Genetic and epigenetic changes transform normal cells 

into abnormal ones, which results in cancer. Increasing 

numbers of cancer cases and deaths make cancer the 

second leading cause of death worldwide. A WHO 

study estimates that there will be a 60% increase in 

cancer cases worldwide in the next 20 years (1). Cancer 

has been recognized as a serious threat to human health 

and welfare. Chemotherapy, radiotherapy, and surgical 

procedures could improve the survival rate in cancer 

patients, but many patients with advanced cancer do 

not have access to these treatments due to their high 

costs, especially in low- and middle-income countries 

(LMICs). Studies have shown that significant 

disparities can occur in treatment and outcomes due to 

the financial burden associated with cancer treatment 

(2). Additionally, advanced tumors often create an 

immunosuppressive environment that reduces the 

effectiveness of traditional therapies (3). In this 

context, oncolytic virotherapy offers a novel and 

potentially more affordable treatment modality by 

leveraging viruses that can specifically target and 

destroy cancer cells while activating the immune 

system. The particular oncolytic viruses modulate 

immunological processes. These are viruses that target 

specific types of cancer cells. They may be naturally 

occurring or genetically modified. By incorporating a 

tumor-specific promoter element within their genomes 

or by deleting essential portions of their genomes, so 

they selectively replicate within cancer cells (4). In the 

19th century, researchers observed that viruses could 

selectively lyse cancer cells rather than healthy cells, 

which led to the development of oncolytic virology, the 

study of viruses that kill cancer cells. Various viral 

families have been examined to use them as an 

oncolytic agent; several viruses have been in 

preclinical studies during the past decade, and some 

have already been tested in clinical trials (5). It's truly 

remarkable how much progress has been made in the 

field of oncolytic virotherapy. The advances in viral 

retargeting, viral delivery systems, gene editing, 

tracking strategies, OV-based gene therapy, and 

combination approaches have all contributed to 

expanding the potential applications of this therapy in 

oncology. The possibilities for using these cutting-edge 

technologies to treat and even cure cancer are truly 

exciting to consider. However, due to the challenges 

associated with genetic engineering and safety 

concerns, oncolytic virology has made little progress 

over the previous 20 years (4). The review likely 

incorporates recent breakthroughs in virology and 

molecular biology that have contributed to the 

understanding and development of oncolytic viruses. 

This could include advancements in viral retargeting, 

and viral delivery systems. Given the dynamic nature 

of research in this field, there may have been 

discoveries of new viral families or innovative 

therapeutic approaches for oncolytic virotherapy. The 

review likely discusses any new viruses that have 

shown promise as oncolytic agents or novel strategies 

for enhancing the efficacy of existing viruses. Overall, 

the review aims to highlight the evolving landscape of 

oncolytic virotherapy and its potential in addressing the 

challenges posed by cancer, showcasing the progress 

made in the field over the past years and outlining 

avenues for future research. 

 History 

Long before the first official clinical trial using an OV 

was published in 1949, several cases reported from the 

mid-1800s revealed that spontaneous microbial 

infections could sometimes occasionally regress 

tumour burden in cancer patients (6). A leukemic 

patient in the late 1890s developed a "flu-like" illness 

that was accompanied by generalized inflammation and 

a reduction in tumour cells, providing additional proof 

of the therapeutic potential of viruses. In 1949, the 

results of these studies led to the launch of several 

clinical trials at Memorial Sloan-Kettering, treating 

more than 150 patients with wild-type RNA viruses 

Bunyamwera (bunyaviridae), Ilheus (flaviviridae), 

Semliki Forest (togaviridae), Newcastle disease 

(paramyxoviridae) West Nile (flaviviridae), and 

Dengue (flaviviridae) (7, 8). In addition, RIGVIR and 

Oncorine have received approval for use as OVs in 

various nations as cancer treatments. In 2004, the 

Latvian government legalized the use of the non-

genetically virus strain RIGVIR, also known as enteric 

cytopathic human orphan type 7, to cure melanoma (9, 

10). In November 2005, the Chinese Food and Drug 

Administration approved the use of genetically altered 

oncolytic adenovirus, known as H101 (Oncorine), in 

combination with chemotherapy to treat 

nasopharyngeal cancer (11, 12). The oncolytic virus T-

VEC (Imlygic) also known as OncoVEXGM-CSF, a 
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modified version of the HSV-1, had been approved by 

the FDA in 2015 to treat melanoma (13, 14). The 

deletion of particular genes in the virus increases 

antigen presentation and promotes selective replication 

within cancer cells (15). The approval of T-VEC in 

2015 gained the attention of researchers to work further 

on oncolytic virotherapy to make them a powerful 

weapon against cancer in the future.  

Candidates for the oncolytic virus 

Currently, extensive research suggests that DNA and 

RNA viruses, HSV, measles virus, and many other 

viruses mentioned in (Table 1), are major candidates 

for cancer therapy (16, 17). In particular, adenoviruses 

and herpesviruses have been developed to precisely 

detect and target cells expressing fetoprotein or 

prostate-specific antigen, which is the cancer marker. 

Also, the surface proteins of the measles and 

polioviruses were modified to alter their specificity to 

target only the cancerous cells, not the healthy cells (18, 

19). 

Table 1. key oncolytic virotherapy candidates during the past 20 years are listed below. 

Genome Family Strain Genus References 

DNA 

Herpesviridae 

HSV 1 

HSV 2 

Simplexvirus 

(20, 21) 

(22, 23) 

Bovine herpesvirus 1 

Suid herpesvirus 1 

Varicellovirus 

(24) 

 

Adenoviridae 

Human adenovirus C serotype 5 

Human adenovirus B serotype3 

Mastadenovirus 

 

(25) 

Parvoviridae 

H-1PV 

Minute virus of mice 

Parvovirus 

 

(26) 

RNA 

Picornaviridae Encephalomyocarditis virus Cardiovirus (27, 28) 

 

Echovirus 1 

Coxsackievirus A13, A15, A18 

Poliovirus 

Enterovirus 

(29, 30) 

(31) 

(32) 

Orthomyxoviridae Influenza A Influenzavirus (33) 

Paramyxoviridae Newcastle disease virus Avulavirus  
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 Measles virus Morbillivirus (34) 

 Rubululavirus Mumps virus (35) 

Reoviridae 

 

Bluetongue virus-10 Orbivirus (36) 

 Reovirus serotype 3 Orthoreovirus (20, 37) 

Mechanisms of oncolytic virotherapy 

The immune system is suppressed in tumours, which 

are referred to as immunosuppressive environments. 

Various mechanisms are employed by tumors to evade 

detection and destruction by the immune system in this 

immunosuppressive environment. There is evidence 

that tumors can produce immunosuppressive cytokines 

such as TGF-ß and interleukin-10 (IL-10), which can 

inhibit the activity of immune cells. In addition, tumors 

can produce immune checkpoint proteins like PD-L1, 

which bind to PD-1 receptors on T cells, effectively 

deactivating these cells and preventing them from 

attacking cancer. A tumor microenvironment may also 

recruit regulatory T cells (Tregs) and myeloid-derived 

suppressor cells (MDSCs), both of which suppress 

immune activity. This immunosuppressive mechanism 

prevents the immune system from recognizing or 

fighting cancer cells effectively (38). In this context, 

the immunotherapeutic technique of oncolytic viruses 

(OVs) holds promise for promoting antitumour 

immunity. Consequently, both innate and adaptive 

immune responses facilitate this process (39, 40). OVs, 

either naturally or after genetic alterations selectively 

replicate inside cancer cells. Normal cells are left 

unaffected. It is believed that cancer cells are thought 

to differ from normal cells due to a number of changes 

in their physiology, such as the inability of cancer cells 

to undergo apoptosis, sustained angiogenesis, tissue 

invasion, the ability to replicate indefinitely, and 

metastasis. Consequently, these characteristics make 

cancer cells a generous host for viruses, which can 

promote selective replication of OVs in cancer cells. 

These viral cancer-targeting strategies can be broadly 

accomplished by removing viral genes that are 

involved in replication in normal cells but not in 

tumour cells and utilizing tumor-specific promoters for 

viral genes essential for replication (7). It is possible to 

target specific tumours by targeting molecular 

steps/regulators during the cell cycle (41). Here, it is 

crucial to understand how the immune system 

functions during oncolytic viral therapy. Basically, 

OVs destroy cancer by two main mechanisms: direct 

cell lysis and induction of antitumor immunity. The 

lysis of tumour cells is the initial reaction that follows 

a viral infection. Lysing tumour cells cause the release 

of cytokines, viral pathogen-associated molecules, 

PAMPs and DAMPs which support immune system 

responses (4, 42-44). Accumulating evidence suggests 

that T cell-attracting chemokines are released due to 

viral infection and replication, which causes an 

inflammatory reaction. These chemokines attract 

tumour-and virus-specific T cells, which migrate 

towards the tumour to perform their function. New 

virions are released during the lysis of an infected cell 

and will infect nearby cancer cells. Viruses can release 

tumour antigens that can act as immunomodulators or 

tumour vaccines by inducing an immune response (45). 

An antigen-presenting cell (APC), specifically a 

dendritic cell (DC), can display foreign antigens on the 

major histocompatibility complex (MHC) during the 

immune response (46). Infection with the oncolytic 

reovirus increased the expression of transporter 

associated with antigen processing  (TAP-1, TAP-2) 

and MHC class I,  in a mouse model but not in control 

cells (47). Additionally, these immune responses will 

begin to form tumour antigen-specific memories that 

will also act on distant metastases. Moreover, 
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engineered OVs have further enhanced the immune 

response (48). This strategy changes the 

immunosuppressive tumour microenvironment by 

incorporating immune-stimulating molecules into OV 

genomes. There is a new immune stimulatory factor 

known as GM-CSF added into OV to mature and attract 

APCs, particularly DCs, and to induce tumour-specific 

T cells.(49) OVs, including adenovirus and vaccinia 

virus, can be altered to encode transgenes (armed 

oncolytic viruses), such as cytokines or antibodies (50, 

51). This ensures targeted delivery to the tumour 

microenvironment and further stimulates an anticancer 

immune response. To improve intracellular antigen 

delivery and presentation, the oncolytic adenovirus 

genome was altered to overexpress the HSP70 protein 

(52). More CD4+, NK cells and CD8+ T cells were 

produced when the modified oncolytic adenovirus was 

administered (Figure 1) (44, 53). 

 

Figure 1. The figure shows oncolytic viruses selectively 

replicating in cancer cells, not healthy cells. It also depicts 

immune responses against tumors induced by viral infection 

and transgene expression in Ovs. 

PAMPS: Pathogen associated molecular pattern; Damp’s: 

Damage associated molecular pattern; DCs: Dendritic cells. 

Clinical trials 

Researchers have investigated a wide range of viral 

families, including the poxviridae, herpesviridae, 

rhabdoviridae, reoviridae, adenoviridae, 

paramyxoviridae, and parvoviridae, for their potential 

as oncolytic agents over the past 20 years (5, 54). 

Despite being in the preclinical stages of testing, some 

have already completed clinical trials at different 

stages. Several clinical studies are being conducted 

currently for DNA (153 trials) and RNA viruses (70 

trials) (55). All clinical studies using oncolytic viruses 

that are indexed in PubMed were analyzed. The type of 

oncolytic virus utilized, the delivery route, the research 

design, the type of disease, the primary outcome, and 

the side effects were all evaluated in the trials (56). We 

found 226 trials; Phase I trials accounted for 124, phase 

I/II combined trials for 47, phase II trials for 48, and 

phase III trials for five till 2021 (Figure 2a) (55). In 

these trials almost 30 are completed, 30 are active and 

85 are recruiting (Figure 2b). Some key findings from 

these trials include: Many trials have demonstrated that 

oncolytic viruses reduce tumor size and improve 

survival rates, especially when combined with other 

treatments. There is evidence that combination 

therapies can improve the immune response against 

tumors. In trials, oncolytic viruses have generally been 

well tolerated by patients, with manageable side 

effects. Injection site reactions and mild flu-like 

symptoms are common side effects, which are related 

to the viral nature of the treatment (57). Typically, 

intratumoral injections provide direct access to tumors 

while minimizing adverse effects on the system. A few 

studies have investigated intravenous administration as 

a more effective way of treating metastatic cancers 

(58). The three oncolytic viral therapies RIGVIR, 

Oncorine, and T-VEC, are currently licensed for use in 

some clinical cancer treatments (11). Until now, the 

FDA and several countries including Europe, Australia, 

Switzerland, and Israel have only approved one 

oncolytic virus therapy, T-VEC (59). Recently, in June 

2021 a modified HSV-1 for malignant gliomas called 

teserpaturev (DELYTACTR) has acquired a 

conditional and temporary approval in Japan (60, 61). 

Recent approvals and ongoing clinical trials indicate 

that oncolytic viruses are becoming increasingly 

accepted as a viable cancer treatment option. Our 

understanding of immunomodulation and 

developments in bioengineering techniques suggest 

that more therapies may be developed in the near future 

as a result of new viral vectors, combination therapies, 

and improved delivery methods (48). 
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Figure 2a. In Clinical trials, Phase I trials accounted 

for 124, phase I/II combined trials for 47, phase II 

trials for 48, and phase III trials for five . Data were 

analyzed from clinical trial. 

 

 

Figure 2b. The status of these clinical phases. Data 

were analyzed from clinical trials.gov. 

Below are the examples of some of the studies in 

clinical trials. It mentions the viral vector, 

modification/changes to OVs that promote direct 

infection and killing activities, route of 

administration, and its status. These are 

summarized in Table 2 (4, 5, 37, 44, 55, 62, 63). 

Table 2. A summary of the clinical trials of key oncolytic viruses that have been published. Not all oncolytic viruses 

are present. Data were analyzed from clinicaltrials.gov.
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dsDNA: double-stranded DNA, dsRNA: double-stranded RNA, ssRNA: single-strand RNA, NSCLC: Non-small cell 

lung cancer, RGD: arginine-glycine-aspartic acid, US11: unique short 11 glycoprotein.
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Combination of cancer treatment strategies with 

OV's 

In general, monotherapies alone are ineffective for 

treating cancer, especially in metastatic or advanced 

stages. Certain types of cancer have already seen 

significant improvements with the combination of 

numerous therapies. OVs are using in combination with 

other anticancer treatments, such as immunotherapy, 

drugs, and radiation. These can improve therapeutic 

outcomes, increase therapeutic effectiveness, and focus 

on a larger variety of tumour types (64). Scientists are 

just beginning to understand how oncolytic viruses 

work in conjunction with chemotherapy and 

radiotherapy. A further benefit that makes OVs a 

desirably combined platform is their engineering 

feasibility and confirmed safety profiles (65). These 

OV-drug combinations are clearly effective if they are 

chosen correctly, along with properly chosen 

medications and the type of cancer attacked. Several 

combination strategies have been tested for natural or 

synthetic OVs in recent decades, both in the lab and in 

clinical trials. The majority of cancer patients are still 

treated with chemotherapy. Combining chemotherapy 

with oncolytic virotherapy causes a significant 

apoptotic induction in a number of preclinical tumour 

models. For example, patients with advanced 

melanoma who received T-VEC plus the immune 

checkpoint inhibitor ipilimumab showed improved 

response rates compared to ipilimumab alone (66). 

Another study demonstrated that patients with solid 

tumors who received an oncolytic adenovirus along 

with pembrolizumab, another immune checkpoint 

inhibitor, had durable responses (67). Likewise, Ad-

H101was approved for the treatment of cancer by 

China, particularly for the neck and head cancer in 

2005 following phase III clinical trials that revealed 

that, when Ad-H101 combined with chemotherapy 

with 5-FU which shows its effectiveness upto 79-72 

percent vs. 40 percent with chemotherapy alone (64, 

68). Moreover, one of the most prevalent cancer 

treatments is radiotherapy, which kills the cancer cells, 

shrinks the tumour, and damages normal tissues and 

cells in the surrounding area. When the human body is 

exposed to radiation, radionuclides enter it. By 

promoting the accumulation of radionuclides in tumor 

cells, the selective replicative capacity of OV can be 

enhanced to improve the precision and safety of 

radiation therapies. The OVs can increase the 

susceptibility of tumor cells to radiation, causing them 

to be more vulnerable to radiation-induced damage 

(69). By disrupting cellular repair mechanisms, viral 

infections enhance radiation treatment effectiveness at 

lower doses, resulting in improved safety since healthy 

tissues are not exposed to radiation (70). Additionally, 

OVs can deliver radionuclides directly to tumor cells. 

It is possible to deliver radiation to tumors specifically 

by engineering OVs to express or carry radionuclide-

conjugated proteins. In this way, radionuclide therapy 

is more targeted, targeting cancer cells while limiting 

exposure to normal tissues. Furthermore, combining 

OVs with radionuclide therapy could further broaden 

the therapeutic window because of the dosage range 

within which the treatment is effective and safe. The 

selective targeting and synergistic effects of OVs can 

allow for lower doses of radiation to achieve the desired 

therapeutic effect, improving overall safety and 

reducing side effects (66). Likewise, there have been 

many studies conducted on the interaction between 

radionuclide therapy and among those viruses that have 

been genetically modified to express membrane 

protein, which is sodium iodide symporter (NIS) that 

facilitates the cellular uptake of radionuclides such as 
131I (71-73). When vaccinia viruses that express NIS 

are administrated prior to 131I treatment, intramural 

production of NIS proteins raises the cellular content of 

radioiodine, and the combined therapy is more 

effective in case of prostate cancer cells as compare to 

use either OVs or 131I alone (74, 75). The results of 

these studies suggest that OV-drug combinations can 

improve clinical outcomes and enhance the immune 

response against tumors. 

Delivery of oncolytic viruses 

When conducting research, selecting the appropriate 

delivery method is crucial. Researchers consider their 

research goals and the resources available to determine 

the most effective approach. Oncolytic viruses are 

delivered to the host via three routes: intravenous, 

intratumoral, and intraperitoneally. Intrathecal and 

subcutaneous methods are utilized by researchers as 

supplementary delivery routes, in addition to the three 

primary ones mentioned above. There are some 
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advantages and disadvantages of all these three routes. 

In intravenous delivery, oncolytic viruses move 

throughout the circulatory system when injected into a 

peripheral vein, reaching tumour lesions in nonspecific 

organs and systems. It's an effective option when it is 

difficult to directly introduce the oncolytic virus into 

tumour (76). In preclinical and clinical settings, 

intravenous (IV) delivery are commonly used. IV 

delivery allows the virus to circulate systemically and 

potentially reach metastatic or deep-seated tumors. 

However, this method can face hurdles such as the 

immune system neutralizing the virus before it reaches 

the tumor, and limited virus penetration into the tumor 

microenvironment (77). The second technique involves 

delivering oncolytic viruses directly to tumors for 

treatment. This approach, known as intratumoral 

delivery, has a direct therapeutic effect on the 

malignancy. This method delivers a concentrated dose 

of oncolytic virus in vitro directly to the targeted tissue, 

allowing for a clear and significant impact to be 

observed (78, 79).However,  its application in vivo, 

particularly in deep or inaccessible lesions, is 

challenging. Additionally, intraperitoneal injection of 

the oncolytic virus into the peritoneum is the third 

delivery route. Once absorbed, it either diffuses 

directly into tumour lesions within the peritoneal cavity 

or into the peritoneum veins, where it reaches tumour 

lesions via the circulatory system. The main benefit of 

this approach it's simple to administer and requires few 

specialization skills. Compared to subcutaneous 

injections, intraperitoneal injections are quickly 

absorbed (80). The intraperitoneal is the best choice for 

treating abdominal organs, but it is slowly absorbed 

compared to intravenous injection (Figure 3) (81, 82). 

 

Figure 3. Main delivery route of oncolytic viruses. 

Challenges and their solutions in oncolytic 

virotherapy 

Even though oncolytic virotherapy has great potential, 

it still faces many challenges that need to be addressed 

for it to be more effective and safe. There are several 

types of challenges that can be categorized as follows: 

Immune-related challenges 

There are many challenges and drawbacks of cancer-

specific oncolytic virotherapy, which include antiviral 

immune responses, antibodies frequently inactivating 

circulating viruses, off-target infection, adverse 

conditions in the tumor microenvironment, insufficient 

immunogenicity, and a number of barriers inhibiting 

systemic delivery of oncolytic viruses (44, 83, 84). 

Host defense system prevent the majority of oncolytic 

viruses from infecting tumours following systemic 

delivery.  When delivering oncolytic viruses to the 

body, there are several obstacles that must be 

overcome. These include blood cells, neutralizing 

antibodies, antiviral cytokines, nonspecific uptake by 

other tissues, tissue-resident macrophages, and 

difficulty in virus escape from the vascular 

compartment (85-87). This technique needs a virus that 

preferentially infects tumour cells while remain in the 

circulation without depleting or degrading.  

Safety concerns 

Oncolytic viruses have the potential to cause extensive 

organ damage and inflammation when a significant 

volume of them are circulated throughout the body. For 

replication-competent viruses, it may even be risky to 

assume that a few mutations will modify these profiles 

entirely for scientific and clinical purposes, but still it 

could be dangerous. For this reason, to assure safety, 

preclinical assessments are necessary. Due to these 

restrictions, there may be some discrepancies in the 

efficacy and safety margins between research on 

animals and humans (88). The effects of animal-

derived oncolytic viruses can be studied in a variety of 

methods, but it cannot be expected that the results 

gained in animal models would be reproducible in 

people (84). The use of oncolytic virotherapy may 

worsen comorbid conditions such as coagulopathies, 

heart disease, liver disease, and lung disease (18). 

Antiviral medication may already being administered 

to some individuals with chronic viral infections, which 
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could prevent viral oncolysis. Early clinical trials 

revealed a phenomenon known as pseudoprogression, 

in which the treated tumours grew larger and displayed 

more heterogeneity, likely as a result of infections that 

caused inflammation or edema (89). Careful 

consideration will also be given to the choice of 

patients. There is a possibility that 

immunocompromised patients will not be suitable 

candidates due to their weakened oncolytic virus-

mediated antitumor immunity.  

Research and development challenges 

Numerous problems have arisen and will continue to 

arise in the field of virotherapy and oncolytic research. 

Despite this, some efforts have been made to avoid or 

at least mitigate the worst effects of viral infections and 

to improve the effectiveness, safety, and usefulness of 

virotherapy (90). Making an accurate diagnosis may 

require the development of novel molecular markers. 

For example, human telomerase reverse transcriptase 

exhibits elevated expression level in tumour cells but 

not in normal cells, which increases the effectiveness 

of telomerase in targeting tumours and modifies the 

tropism of viruses, allowing them to bind only to 

specific receptors on tumour cells, such as the 

adenovirus Delta-24RGD (39, 91).  

Delivery challenges 

The main difficulty with this therapy is properly 

delivering the virus to the tumour. Systemic 

administration rarely works because of preexisting 

immunity. An off-target infection may occur where 

oncolytic viruses infect healthy cells instead of tumor 

cells, causing unwanted side effects. As an example, a 

virus that targets cancer cells in the liver might also 

infect healthy liver cells or other tissues if it lacks 

sufficient specificity. A patient may experience adverse 

effects due to this off-target infection causing damage 

to healthy organs and tissues. A key to minimizing 

these risks is ensuring that the virus only infects tumor 

cells and not healthy tissues. Since intratumoral 

injection is costly and challenging, especially in cases 

of malignant gliomas, it is necessary to optimize virus 

delivery in order to improve systemic delivery. The use 

of complex viral particle ligands, nanoparticles, and 

immunomodulatory drugs are a few of the novel 

strategies being studied (92). The technically 

challenging image-guided delivery approach is used to 

introduce viruses into tumours using nanoparticles. 

Conclusion and future prospect 

OVs have become promising immunotherapeutic 

treatments for advanced malignancies over the past 20 

years. Interest in oncolytic virotherapy increased after 

the US-FDA approved T-VEC in 2015. Several viruses 

have been evaluated as prospective candidates for 

oncolytic virotherapy, including vaccinia, reovirus, 

parvovirus, and picornavirus. Oncolytic virotherapy 

has not become a common practice in medicine due to 

a number of biological and technical obstacles. 

However, there are numerous OVs being tested in 

clinical trials right now, and several aspects, such as the 

optimum way to administer and their optimal 

combinations, are still being taken into consideration. 

Several natural and genetically modified oncolytic 

viruses are now being evaluated for monotherapy or 

combination therapy, and the majority of them seem 

safe and have few dose-limiting toxicities. Some of 

these viruses have progressed to various phases of 

clinical trials despite being in preclinical stages. A total 

of 153 trials are currently underway for DNA viruses 

and 70 trials for RNA viruses. As of 2021, 124 clinical 

studies indexed in PubMed were Phase I trials, 47 

Phase I/II trials, 48 Phase II trials, and five Phase III 

trials.  There have been numerous clinical trials 

demonstrating the effectiveness of OVs in reducing 

tumor size and improving patient survival rates, 

particularly when combined with other treatment 

options. Oncolytic virotherapy could have a profound 

impact on cancer treatment. In the future, new 

genetically altered OVs, new delivery techniques, and 

new combination therapies will be developed. OVs will 

be the most effective therapeutic approach for treating 

cancer once they have overcome the existing obstacles 

to oncolytic virotherapy, such as physical obstacles, 

immunosuppressive TME, and host clearing of OVs. If 

the issues mentioned above are properly resolved, 

oncolytic viruses could one day be a perfect and 

painless therapeutic choice for cancer patients. To 

effectively utilize OVs for novel approaches and 

overcome existing challenges, a collaboration between 

the fields of immunology, molecular biology, structural 

biology, genomics, and bioinformatics is necessary. In 
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the near future, oncolytic viral therapies should be 

developed further due to their continued clinical need. 
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