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Abstract

Oncolytic viruses (OVs) have emerged as promising therapeutic agents for the treatment of malignant tumors due to their
ability to selectively infect and lyse cancer cells while sparing normal tissues. In addition to their direct oncolytic activity,
OVs stimulate both innate and adaptive antitumor immune responses, making them an attractive platform for targeted
cancer therapy. The therapeutic efficacy of OVs depends primarily on their tumor selectivity and their capacity to enhance
tumor cell destruction through multiple mechanisms. Advances in molecular biotechnology and genetic engineering have
enabled the modification of wild-type viral strains to improve tumor specificity, increase therapeutic potency, reduce toxici-
ty, and enhance safety profiles, thereby facilitating their evaluation in clinical trials. This review provides a comprehensive
overview of oncolytic virotherapy, including its mechanisms of action, clinical applications, combination treatment strat-
egies, current challenges, and future prospects. Moreover, combining OVs with conventional therapies such as chemo-
therapy, radiotherapy, immune checkpoint inhibitors, and targeted therapies has shown synergistic antitumor effects and
enhanced therapeutic efficacy. Certain oncolytic viruses are also capable of inducing durable antitumor immune memory,
thereby reducing the risk of tumor recurrence and metastasis. Despite these advances, the clinical translation of oncolytic
virotherapy in veterinary medicine remains limited. Although promising results have been obtained in preclinical studies,
further research is required to establish its safety, efficacy, and practical application in veterinary oncology. One of the
major obstacles to successful virotherapy is the efficient and targeted delivery of viruses to tumor sites. Systemic admin-
istration is often hindered by pre-existing antiviral immunity, rapid viral clearance, and limited tumor penetration, whereas
intratumoral administration is invasive, technically challenging, and costy. Consequently, the development of effective
viral delivery systems capable of overcoming these barriers remains a critical research priority. Continued advances in
viral engineering, immunotherapy, and targeted delivery technologies are expected to accelerate the clinical translation of
oncolytic virotherapy, making it an increasingly important component of future cancer treatment strategies in both human
and veterinary medicine.

Keywords: Oncolytic viruses, Oncolytic virotherapy, Cancer therapy, Inmunotherapy, Clinical applications, Veterinary oncology.

Introduction

Until the early twentieth century, surgical resection was the
primary treatment modality for cancer. Subsequently, ad-
vances in oncology led to the development of radiotherapy,
chemotherapy, targeted therapy, immunotherapy, and other
multimodal treatment approaches, substantially improving
cancer management. Nevertheless, the limitations of con-

ventional therapies including nonspecific toxicity, therapeutic
resistance, tumor recurrence, and metastasis have driven
the search for more selective and effective treatment strate-
gies. Oncolytic virotherapy has emerged as one such prom-
ising approach, utilizing naturally occurring or genetically
engineered viruses that selectively infect and destroy malig-
nant cells while simultaneously stimulating robust antitumor

COVID Res. Treat. Vol. 4 Iss. 2 (020)

Page-01


https://www.mediresonline.org/

Tizazu Assefa Yiheys

immune responses. Although the concept of using viruses
to treat cancer dates back to the late nineteenth century, re-
cent advances in molecular virology, genetic engineering,
and cancer immunology have significantly accelerated the
clinical development of oncolytic viruses, leading to several
successful clinical trials and regulatory approvals for select-
ed malignancies [1,2,3].

The concept of using viruses as anticancer agents has
been explored for more than a century. Early clinical obser-
vations documented that some patients with leukemia and
lymphoma experienced transient tumor regression following
naturally acquired viral infections, suggesting that viruses
possessed the ability to selectively target malignant cells.
These observations provided the foundation for the subse-
quent development of oncolytic virotherapy [4,5]. These find-
ings prompted early clinical attempts to deliberately infect
cancer patients with wild-type viruses. Although temporary
antitumor responses were occasionally observed, these ap-
proaches were associated with significant toxicity, including
severe viral illness and, in some cases, treatment-related
mortality, owing to the lack of tumor specificity and inade-
quate understanding of viral biology. Subsequent studies
involving patients with solid tumors, including cervical can-
cer, demonstrated the ability of certain viruses to infect and
destroy tumor cells; however, these early therapies failed to
produce durable clinical responses or improve overall surviv-
al. Advances in molecular virology, genetic engineering, and
cancer immunology have since enabled the development of
genetically modified oncolytic viruses with enhanced tumor
selectivity, improved safety, and greater therapeutic efficacy,
transforming oncolytic virotherapy into a promising modality
for modern cancer treatment [5,1].

The first successes in virus cancer therapy were achieved
in the 1970s using the mumps virus. Because mumps itself
causes serious disease, use of an unaltered version of this
virus was not a good idea. Since that time, many animal and
human viruses have been investigated for their ability to Kkill
cancer cells [4,6].

The path toward the clinical approval of oncolytic viruses
(OVs) has been long and challenging. The first regulatory
approval of an oncolytic virus was granted in China for the re-
combinant adenovirus H101, marking a significant milestone
in the development of virotherapy [1]. Since then, oncolytic
virotherapy has emerged as a promising therapeutic strate-
gy for cancer treatment, with the potential to become an im-
portant component of precision oncology. The development
of OVs has not only expanded the therapeutic landscape of
cancer management but has also introduced a novel par-
adigm that combines direct tumor lysis with the activation
of systemic antitumor immunity. Consequently, oncolytic
virotherapy is increasingly recognized as a major advance-
ment in cancer treatment alongside conventional chemother-
apy, targeted therapy, and immunotherapy. Currently, sever-
al viral platforms including herpes simplex virus, adenovirus,

vaccinia virus, reovirus, picornavirus, and poxvirus are un-
der investigation in preclinical studies and human clinical tri-
als, with several candidates progressing through late-stage
clinical development [2,3]. Although clinicians first reported
spontaneous tumor regression following natural viral infec-
tions more than a century ago, only recent advances in mo-
lecular virology, genetic engineering, and tumor immunology
have enabled the successful clinical translation of oncolytic
viruses. Notably, the granulocyte-macrophage colony-stimu-
lating factor (GM-CSF)-expressing herpes simplex virus tal-
imogene laherparepvec (T-VEC) became the first oncolytic
virus approved by the U.S. Food and Drug Administration
(FDA) for the treatment of advanced melanoma, demonstrat-
ing the clinical potential of genetically engineered OVs [1,2].
This review summarizes the latest advances in the clinical
applications and ongoing clinical trials of oncolytic viruses
while highlighting current challenges and future perspectives
for their successful translation into routine cancer therapy.

Mechanisms of Oncolytic Viro Therapy

Oncolytic virus (OV) therapy is based on the selective rep-
lication of viruses within cancer cells and their subsequent
intratumoral spread, while sparing normal healthy tissues
[5,7]. These viruses are naturally occurring or can be modi-
fied to selectively infect and destroy cancer cells. In addition,
there’s evidence that OVs can stimulate the host’s immune
response to combat tumors [8]. The anticancer mechanisms
of the OVs include direct oncolysis or cytotoxicity toward
the cancer cells or indirect induction of bystander effects
(including the destruction of tumor blood vessels) [9]. The
principle of this therapy is that oncolytic virus that has been
attenuated inside the laboratory is centered for specific seek
targets to infect most cancer cells and it begin to replicate
in most cancer cells and then release the signal, activate
the immune mechanism within the body, and subsequently
perform oncolysis to kill cancer cells. Studies have shown
that oncolytic viruses can kill cancer through the two primary
mechanisms of direct cell lysis and the induction of antitumor
immune responses [10].

Tumor cell lysis

Virus replication in infected tumor cells results in apoptosis
and cell lysis (Figure 1). Following viral replication within tu-
mor cells and subsequent lysis, newly produced viral parti-
cles propagate the lytic cycle by infecting adjacent cancer
cells, thereby amplifying the therapeutic effect within the tu-
mor microenvironment [5,7,3]. The viral lytic cycle continues
until inflamed host cells are depleted, or antiviral immune re-
sponses attenuate virus replication [11]. Immune responses
can also result in the dying of tumor cells by way of breaking
the tolerance of tumor cells [12]. Non-infectious host cells
can also be affected by oncolytic viruses in need of treat-
ment. In this context, it has been disclosed that the onco-
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lytic vaccine virus can interrupt tumor angiogenesis, reduce
blood flow to most cancer cells, and in long run purpose hy-
poxia by affecting vascular cells, all of which are associated
with inhibiting tumor growth and progression (Breitbach et
al., 2007).Although lysis of tumor cells through the initiation
of the lytic cycle is one of the inherent characteristics of on-
colytic viruses, evidence suggests that in addition manipula-
tions can increase their lytic capacity (Goradel et al., 2018).

Enhancement of anti-tumor immune responses

The second mechanism of action oncolytic viruses is to en-
hance antitumor immune responses (figure 1). Studies have
shown that following infection of tumor cells with oncolytic
viruses, cell death and the liberate of tumor-related antigens
along with viral pathogen-associated molecular patterns
(PAMPs) and different cellular danger-associated molecular
patterns (DAMPs) lead to the enhancement of tumor specific
immune responses and the killing of remote and noninfec-
tious tumor cells (Pol et al., 2012). Tumor cell lysis can also
induce the production and secretion of infammatory media-
tors, including type | interferons, interferon-gamma (IFN-y),
interleukin-12 (IL-12) and tumor necrosis factor-a (TNF-a)
[13,3].

The philosophy of the use of engineered oncolytic viruses
is to beautify immune responses similarly. In this strategy,
the insertion of an immune-stimulating molecule into the on-
cological genome of viruses could change the immune-sup-
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Figure1: Anticancer mechanisms of oncolytic viruses (OVs)

Sources (Freytag et al., 2002,5,Guo et al., 2022)

pressive tumor microenvironment in favor of treatment. As
formerly referred to, GM-CSF is the most obvious example
of this type of genetic engineering. After incorporating the
GM-CSF gene into the oncolytic genome, viruses can act as
an immune responses stimulator, leading to the maturation
and recruitment of antigenpresenting cells (APCs), particu-
larly DCs, inducing antitumor effector T cells and NK cells
which are specific for tumor antigens (Jhawar et al., 2017).
In order to enhance and increase the delivery of intracellu-
lar antigen to the proteasome and antigen presentation, the
oncolytic adenovirus genome was modified for competitive
inhibition of deoxyguanosine by means of conversion to mo-
nophosphates, which can also disrupt and terminate DNA
synthesis by interfering with proliferating cell DNA, resulting
in cell death [5,14]. Another well-studied suicide gene is cyto-
sine deaminase (CD), which converts the non-toxic prodrug
5-fluorocytosine into the highly cytotoxic 5-fluorouracil with
strong antitumor activity (Freytag et al., 2002,5]. The inser-
tion of the adenovirus death protein (ADP) gene into the ade-
noviral genome enhances viral replication and increases the
lytic activity of the virus, thereby improving tumor cell killing
efficiency [15]. Oncolytic viruses selectively infect and rep-
licate within tumor cells, leading to cancer cell lysis and re-
lease of tumor-associated antigens, cytokines, chemokines,
and damage-associated molecular patterns (DAMPs), which
stimulate systemic antitumor immune responses and may
contribute to elimination of distant metastases (Figure 1).
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Applications Of Oncolytic Viruses: An Over-
view of Current Clinical Trials

One of OV’s applications in precise tumor imaging was flu-
orescence imaging (L. Quillien et al., 2021). The green flu-
orescent protein, which is derived from marine invertebrate
organisms, may be used to reveal tumor behaviors. Oncolyt-
ic viruses, primarily based on developing frame of preclinical
and medical proof, might be a particularly successful new
cancer therapy (Zheng et al., 2019). Nowadays, herpes vi-
ruses, adenoviruses, coxsackie viruses, poxviruses, poliovi-
ruses, measles viruses, reoviruses, and Newcastle disease
viruses are some of the OVs under observe for most cancer
therapy [13].

Oncolytic viruses (OVs) exert their anticancer effects through
multiple complementary mechanisms. The primary mecha-
nism is direct oncolysis of tumor cells following selective viral
replication, which leads to various forms of programmed and
non-programmed cell death, including apoptosis, necrosis,
pyroptosis, and autophagic cell death. Notably, the dominant
mode of cell death may vary depending on the specific onco-
lytic virus and tumor microenvironment. In addition to direct
cytolysis, OVs can disrupt tumor-associated vasculature and
inhibit angiogenesis, thereby compromising tumor blood sup-
ply and inducing secondary apoptotic and necrotic death in
both infected and neighboring uninfected cells. Furthermore,
OVs promote robust antitumor immunity by activating innate
immune responses and enhancing tumor-specific adaptive
immune effector functions, resulting in immune-mediated cy-
totoxicity against both malignant and stromal components of
the tumor microenvironment [16,17,18].

Cancer has always been an enormous threat to human
health and survival. In recent years, accurate tumor imaging
using OV has attracted more and more attention. OVs with
precise genes can selectively infect tumor cells and replicate
within them or express genes of interest such as luciferase
reporter gene and human Na+/I- symporter (hNIS) gene. The
emergence of oncolytic viruses provided a new strategy for
us to alleviate or even cure malignant tumors. An oncolytic
virus can be described as a genetically engineered or nat-
urally existing virus that can selectively replicate in cancer
cells and then kill them without damaging the healthy cells
[9].

Pancreatic cancer

Worldwide, the occurrence of pancreatic cancer is low, and
the disease is not recommended for screening by the World
Health Organization (Capurso et al., 2015). The survival rate
of pancreatic ductal adenocarcinoma, responsible for 95%
of pancreatic cancers is 6% in 5 year and the only potential
cure for pancreatic ductal adeno - carcinoma (duodeno-pan-
createctomy) does not offer a big change in mortality (Becker
et al., 2014). Pancreatic cancer has been known as a ma-
lignant form of cancer with a poor prognosis and treatments

that in the majority of patients ends with death. Pancreatic
cancer is very resistant to treatment and its survival rate is
one of the lowest among all cancers [19]. One idea is to use
viruses as oncolytic agents to create the least side effects in
the patient along with recovery from this disease [20].

Breast cancer

Breast cancer is a heterogeneous disease where the ma-
jority of tumors are immunologically “cold,” and therefore
using immune therapeutics within breast cancer appeals to
be much less compelling than those of melanoma or lung
cancer. However, OV has a capacity to make “cold” tumors
“hot” by reprogramming the TME in patients whose tumors
are cold. OV has been shown to modulate the tumor micro-
environment (TME), causing an increase in pro-inflamma-
tory cells (e.g., cytotoxic T cells, macrophages) that could
potentially turn a “cold” tumor into a “hot” one (Samson et al.,
2018). In breast cancer, there are some preclinical studies
using oncolytic virotherapy as well as a few early-phase clin-
ical studies with promising early markers of response (Zama-
rin et al., 2014).

Melanoma

Metastatic melanoma continues to be one of the most diffi-
cult to treat cancers because it is often insensitive to chemo-
therapy, can be highly aggressive, and can require several
different types of treatment depending on the stage and lo-
cation of the disease and health status of the patient. Despite
new therapeutic options, additional treatments are needed,
particularly for patients with metastatic disease [21]. In 2015,
the first oncolytic viro therapeutic agent, talimogenelaher-
parepvec (T-vec), was approved by the FDA for use in met-
astatic melanoma. T-vec is a modified oncolytic HSV that
expresses the granulocyte—macrophage colony-stimulating
factor (GM-CSF). This virus contains mutations in infectious
cell proteins 34.5 and 47, which allow the virus to selectively
infect tumor cells and inhibit tumor cell expression of major
histocompatibility complex class | antigens. This serves to
initiate a specific immune response against only tumor cells
infected by the virus [22].

Combination therapy

Radiotherapy combined with oncolytic virotherapy exhibits
synergistic antitumor activity in multiple tumor models due
to enhanced viral spread, immunogenic cell death, and in-
creased tumor sensitivity to radiation [16,17]. In one case,
the synergistic impact between radiotherapy and virotherapy
was observed with oncolytic HSV (AdusumilliPS et al., 2017).
Radiotherapy enhances oncolytic virotherapy through multi-
ple complementary molecular and cellular mechanisms. Re-
cent studies suggest that radiation-induced stress respons-
es can upregulate viral gene expression and promote tumor
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susceptibility, including modulation of host DNA damage re-
sponse pathways such as GADD34 signaling and activation
of stress-related kinases (e.g., p38 MAPK), which enhance
viral promoter activity and replication efficiency within tumor
cells. In addition, oncolytic herpes simplex virus (0HSV) has
been shown to interfere with DNA repair mechanisms, there-
by increasing radiation-induced cytotoxicity and tumor cell
vulnerability. These effects collectively contribute to improved
viral spread and enhanced tumor control. Furthermore, ra-
diotherapy has demonstrated synergistic interactions with
oncolytic vaccinia virus, leading to increased therapeutic ef-
ficacy. Across preclinical and translational studies, combined
oncolytic virotherapy and radiotherapy consistently results in
significant tumor growth delay and improved survival com-
pared with monotherapy, supporting its potential as a prom-
ising combinational cancer treatment strategy [18,17,23,24].
These findings suggest that virus-mediated downregulation
of anti-apoptotic proteins may enhance the sensitivity of tu-
mor cells to the cytotoxic effects of ionizing radiation, thereby
increasing radiation-induced cell death and therapeutic effi-
cacy. Preclinical and translational evidence further indicates
that combining oncolytic virotherapy with radiotherapy pro-
duces additive or synergistic antitumor effects in both in vitro
and in vivo models, mediated through enhanced immuno-
genic cell death, modulation of tumor survival signaling, and
improved tumor microenvironment reprogramming [24-27].

Oncolytic Viriotherapy in Veterinary Medicine

The traditional methods used for the treatment of cancer
in companion animals mainly include surgery, chemother-
apy, radiation therapy, and hyperthermia. However, ad-
vanced-stage cancers in dogs and cats are often associated
with a poor prognosis. Many naturally occurring cancers in
companion animals closely resemble their human counter-
parts with respect to histopathological characteristics, bio-
logical behavior, genetic alterations, risk factors, molecular
pathogenesis, and therapeutic response, making them valu-
able translational models for comparative oncology (Paolo-
ni & Khanna, 2008; 28). Although numerous clinical trials of
oncolytic viruses have been conducted in humans, clinical
studies in companion animals remain limited. For example,
intravenous and intratumoral administration of the Lasota
strain of Newcastle disease virus in dogs with cutaneous
lymphoma resulted in regression of existing lesions and no
development of new lesions during a four-week follow-up
[29]. Recent reviews emphasize that veterinary clinical eval-
uation of oncolytic virotherapy is still in its early stages de-
spite its considerable potential for treating naturally occurring
cancers in dogs and cats [1,30].

Oncolytic Virio therapy in Canine Cancer
Adenoviruses are also being investigated as therapeutic
agents for canine cancers. Human adenovirus serotype 5

(HAdV-5) has been shown to productively replicate in canine
osteosarcoma and canine mammary carcinoma cells [31].
Recent studies in comparative and veterinary oncology con-
tinue to demonstrate the feasibility of adenovirus-based plat-
forms for treating spontaneous tumors in dogs, highlighting
their translational relevance and tumor-selective replication
potential (Hoffman et al., 2022; Cekanova et al., 2023; 30).
Furthermore, canine adenovirus type 2 (CAV-2), transcrip-
tionally targeted to canine osteosarcoma cells through the
insertion of the osteocalcin promoter, has been evaluated
as a potential therapeutic agent for canine osteosarcoma.
Recent studies have highlighted the growing potential of ad-
enovirus-based oncolytic virotherapy in veterinary oncology,
particularly for the treatment of canine solid tumors, although
clinical translation remains in its early stages [30,1].

Challenges Associated with Oncolytic Virio
Therapy and Post Delivery Strategies

The major challenge in this therapy is the targeted delivery
of the virus into the tumor. In most cases, systemic admin-
istration does not work well due to preexisting immunity.
Therefore, virus delivery needs to be improved for effective
systemic administration since intratumoral administration
is expensive and difficult especially in cases of malignant
gliomas. Some of the novel approaches involve the use of
nano particles, complex viral particle ligands, and immu-
no-modulatory agents. Delivery of the virus into the tumor via
nano particles uses a technologically complex image-guid-
ed delivery system. Alternatively, to secure the delivery of
the oncolytic viruses via the blood stream, carrier cells that
possess inherent tumor tropism have also been considered
(Roy et al., 2013) Another challenge is the optimization of
combination therapies using oncolytic viruses along with the
chemotherapeutic or immunotherapeutic drugs to get better
and stable results. Immune response induction by oncolytic
viruses after infection suppresses the replication of the virus
thereby posing a hindrance to the effective functioning of the
biotherapy intended to treat cancer [32].

Oncolytic viruses (OVs) are not a “magic bullet” for cancer
therapy, as the antitumor activity of most OV monotherapies
remains modest. One of the major challenges in oncolytic
virotherapy is achieving efficient and accurate delivery of the
virus to tumor sites. Systemic administration, particularly via
the intravenous (IV) route, is considered the most clinical-
ly desirable approach; however, intravenously administered
OVs must overcome several biological barriers, including se-
questration by the liver and clearance by the mononuclear
phagocyte system, before reaching tumor tissue. Additional
limitations affecting therapeutic efficacy include viral tropism,
delivery platforms, biodistribution, dosing strategies, antiviral
immune responses, and the optimization of virus-mediated
oncolysis [1,30].

In solid tumors, there is a range of hurdles that the OV need
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to stay away from to attain the tumor site. First, physical barri-
ers post a big challenge to delivery because viruses must get
past the endothelial layer to reach the target cells [33]. In ad-
dition, the abnormal lymphatic networks and vascular hyper
permeability inside tumors and the dense extracellular matrix
(ECM) of solid tumors leading to interstitial hypertension [8]
which can impair viral infiltration. Furthermore, OVs can re-
sult in a strong innate immune response due to interactions
among them and antigen-presenting cells (APCs), together
with enormous antiviral immunity, preexisting circulating an-
tibodies, and blood factors such as the coagulation factors
FIX, FX, and complement protein C4BP. Subsequently, OVs
are more likely to be cleared by the host’s immune system,
and it is difficult to make sure whether sufficient numbers
reach the tumor site [34].

Hypoxic Effects

Hypoxia is a hallmark of solid tumors that develops during
tumor progression and has complex and sometimes contra-
dictory effects on the efficacy of oncolytic viruses (OVs). In
many cases, hypoxic conditions impair the replication and
lytic activity of adenoviruses without significantly altering the
expression of viral entry receptors. Moreover, because hy-
poxia can induce cell-cycle arrest and extensive metabolic
reprogramming, it may reduce the replication efficiency of
adenoviruses and other oncolytic viruses that depend on ac-
tively proliferating host cells for productive infection [1,30,16].

Immune Responses

Another challenge in the use of OVs is preexisting immuni-
ty because of previous immunization or infection leading to
short half-life following intravenous delivery. Coating onco-
lytic adenoviruses with polymers are referred to as “stealth-
ing”, can protect adenoviruses during delivery [35]. The most
commonly utilized polymers include N-(2-hydroxypropyl)
methacrylamide (HPMA), polyethylene glycol (PEG), and
polyamidoamine (PAMAM). In addition to prolonging viral cir-

culation time, polymer modification of oncolytic adenoviruses
can enhance tumor targeting and improve delivery efficiency
through altered biodistribution and reduced immune recog-
nition [30].

Choosing Patients

Assuming that all other challenges are addressed, a critical
question remains: which patients are most suitable for onco-
Iytic virotherapy? To date, no validated predictive biomarkers
have been established to reliably identify patients who are
likely to respond to oncolytic virus (OV) treatment. Further-
more, because most OVs remain under clinical investiga-
tion, patients receiving oncolytic virotherapy have often un-
dergone multiple lines of conventional treatments, including
chemotherapy, radiotherapy, targeted therapy, or immuno-
therapy. These prior treatments can profoundly alter both the
tumor microenvironment and the patient's immune system,
potentially influencing the therapeutic efficacy of OVs [36].

Spread and Penetration

In carcinomas, intercellular junctions between epithelial cells,
particularly tight junctions, constitute a significant barrier to
the penetration of high-molecular-weight therapeutic agents,
thereby limiting drug delivery and contributing to therapeutic
resistance [37,38]. Furthermore, phenotype shifts for dura-
tion of metastasis through epithelial-to-mesenchymal tran-
sition and then mesenchymal to epithelial transition tighten
epithelial junctions and makes treatment complicated. Epi-
thelial junctions also act as a barrier to intracellular penetra-
tion of OVs, especially adenoviruses [39]. Some types of ad-
enovirus including HAdV-B3, B14, and B14p may overcome
the junctions by liberating penton-dodecahedra (Pt-Dd) in
the early phase of infection and before cell lysis, while non-
Pt-Dd generating adenoviruses generate an excess of the
fiber protein at the same stage. Table 1 show challenges as-
sociated intravenous and intratumoral administration of OVs
and their possible strategies.

circulation of immune cells)

Intravenous Intratumoral
Challenges Strategy Challenges Strategy
Immune surveillance (constant | Viral shielding Tumor microenvironment structure | Exercise

(immunosuppressive environment)

Viral antibodies (rapid neutral-
ization)

Extracellular matrix (ECM) (reduced
viral propagation)

Drugs to alter ECM
and TME architectural

Lack of guided delivery system
(small payload to target site)

Magnetic guided deliv-
ery system

Inaccessible tumors (poor and pain-
ful drug delivery)

Tumor penetration (collapsed
vasculature)

Increased penetration
via ultrasound

Alternative routes of
administration

Invasive (spread beyond primary
tissue)

Source [40]

Table1: Challenges and strategies in overcoming restricted delivery of oncolytic viruse
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Conclusion And Future Perspective

Oncolytic virotherapy has emerged as a promising and in-
novative approach to cancer treatment, offering selective
tumor cell destruction while simultaneously stimulating an-
titumor immune responses. The clinical success of several
oncolytic virus (OV) based therapies, including regulatory
approval of selected agents, has demonstrated the feasibil-
ity and therapeutic potential of this strategy. Compared with
conventional treatment modalities, oncolytic viruses provide
a unigue mechanism of action that combines direct oncol-
ysis with immune activation, making them attractive candi-
dates for the treatment of a broad range of malignancies.
Despite these advances, several challenges remain before
oncolytic virotherapy can be widely adopted as a standard
treatment. Current research is focused on improving viral
delivery, enhancing tumor specificity, overcoming antiviral
immune responses, and increasing therapeutic efficacy. One
promising strategy involves combining OVs with immune
checkpoint inhibitors, chemotherapy, radiotherapy, targeted
therapies, or genetically engineered therapeutic transgenes
to achieve synergistic antitumor effects. Although the results
of preclinical studies and clinical trials have been encourag-
ing, additional large-scale clinical investigations are required
to establish the long-term safety, efficacy, and optimal ther-
apeutic regimens of different OV platforms across diverse
cancer types. Continued advances in virology, immunology,
synthetic biology, and precision medicine are expected to fa-
cilitate the development of next-generation oncolytic viruses
with enhanced therapeutic properties. In conclusion, onco-
lytic virotherapy represents a rapidly evolving field with con-
siderable potential to transform cancer management. As our
understanding of tumor biology and virus-host interactions
continues to expand, and as ongoing clinical trials provide
further evidence of safety and efficacy, oncolytic viruses are
expected to become an integral component of multimodal
cancer therapy. Future research aimed at overcoming cur-
rent limitations and optimizing combination strategies will be
critical for maximizing the clinical benefits of this promising
therapeutic approach and improving patient outcomes.
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