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A B S T R A C T

Oncolytic viruses (OVs) are natural or genetically recombinant viruses that selectively infect and kill tumor cells
without affecting normal cell growth. As a novel type of immunotherapy, OVs have been shown to activate
antitumor immune responses, regulate the tumor microenvironment, and enhance the efficacy of immune
checkpoint inhibitors. In this review article, we discuss the latest research on the characteristics, antitumor
mechanisms, and status of OV research. In terms of mechanism of action, after targeting tumor cells, OVs not only
directly lyse tumor cells but also exert antitumor effects through indirect approaches. As an emerging cancer
treatment, OVs face challenges that need to be overcome. Finally, we summarize the challenges and prospects for
the future application of OVs.
1. Introduction

Malignant tumors pose a serious threat to human health [1]. Tradi-
tional clinical treatments for tumors primarily include surgical resection,
chemotherapy, and radiotherapy [2]. However, these methods are
associated with certain intractable limitations owing to the complicated
and diverse tumor microenvironment (TME). In addition, conventional
therapies occasionally induce severe damage to normal tissues, resulting
in treatment discontinuation and an increased rate of tumor recurrence.
Therefore, it is crucial to develop better therapeutic strategies.

Immunotherapy, a revolutionary treatment strategy in the field of
tumor therapy, utilizes the patient's immune system to kill tumors and
prevent their recurrence, eliciting high specificity, high killing efficiency,
and low toxicity. Owing to the complex immunosuppressive mechanisms
of tumors, the progress of tumor immunotherapy has been excessively
slow throughout the 1900s. More than 20 years ago, the discovery of the
tumor immune escape mechanism mediated by programmed death-
ligand 1 (PD-L1) and programmed death 1 (PD-1) sparked a new era in
this field [3]. Currently, most immune checkpoint inhibitors (ICIs)
approved by the US Food and Drug Administration (FDA) target T cells to
reactivate or enhance the antitumor immune response. Adoptive cell
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therapy, represented by chimeric antigen receptor T-cell immunotherapy
(CAR-T), has gradually become a major pillar of tumor immunotherapy
in recent years, affording remarkable clinical efficacy in B-cell lymphoma
and leukemia [4]. With the evolution of tumor immunotherapy, there are
increasingly diverse methods available for treating tumors, and addi-
tional treatment strategies are under investigation to identify optimal
solutions [5–8].

As a novel tumor immunotherapeutic approach, oncolytic virother-
apy utilizes dual mechanisms, i.e., direct and indirect, to achieve onco-
lytic effects [9–11]. Most oncolytic viruses (OVs) used clinically are
modified from attenuated or nonpathogenic strains that can selectively
infect tumor cells and exert their oncolytic effects without inducing
serious side effects. Despite minimal evidence suggesting the potential of
oncolytic virotherapy to induce serious medical accidents [12], its limi-
tations in terms of addressing urgent malignant tumors need to be
resolved [13,14].

In this review article, we combined the classification and structure of
common oncolytic drugs, both domestically and internationally, in
recent years, emphasizing the dual oncolytic mechanisms of OVs and
evaluating the challenges and prospects faced by existing oncolytic drug
applications. Importantly, this review highlights the clinical value of
OVs.
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List of abbreviations

PD-L1 Programmed Death-Ligand 1
PD-1 Programmed Death 1
(US)FDA (United State)Food and Drug Administration
CAR-T Chimeric Antigen Receptor T-Cell Immunotherapy
NDV Newcastle Disease Virus
OVs Oncolytic viruses
AdV Adenovirus
PPE endothelin precursor promoter
Fas-c Fas chimera
Rb protein Retinoblastoma protein
E2F-1 Early 2 transcription factor-1
GM-CSF Granulocyte Macrophage Colony-Stimulating Factor
HSV Herpes simplex virus
eIF-2α eukaryotic initiation factor 2α
IFN interferon
RR ribonucleotide reductase
TNFα tumor necrosis factor α
TNFR1 tumor necrosis factor receptor 1
FasL Fas ligand
MHC I Major Histocompatibility Complex I
TAP transporter associated with antigen presentation
TAA tumor associated antigen
HSV-1 Herpes simplex virus type 1
T-VEC Talimogene laherparepvec
APCs Antigen Presenting Cells
CXCR4 C-X-C motif receptor 4
CEA carcinoembryonic antigen
TTDR transcription and translation dual regulation
IL Intermediate Language
VV vaccinia virus
IMV intracellular mature virus
EEV extracellular enveloped virus
CRP complement regulatory protein
TK thymidine kinase
hNIS human sodium iodide co-transporter
PV Parvovirus
H–1PV H-1 protoparvovirus
BBB blood-brain barrier
APMV-1 avian paramyxovirus serotype 1
L large polymerase protein
HN hemagglutinin-neuraminidase protein
F fusion protein
M matrix protein
P phosphoprotein
NP nucleoprotein
MV Measles virus
H hemagglutinin protein
KRAS kirsten rat sarcoma viral oncogene
BRAF B-Raf proto-oncogene

EGFR epidermal growth factor receptor
CV Coxsackievirus
CVA21 Coxsackievirus A21
ICAM-1 Intercellular Adhesion Molecule-1
DAF Decay-Accelerating Factor
E1B55K human adenovirus E1B gene encodes a 55 kDa protein
CRAd conditionally replicative adenovirus
MUC16 Mucin 16
PKR protein kinase R
HRE hypoxia response elements
HRPs hypoxia response promoters
MSCs mesenchymal stem cells
ER endoplasmic reticulum
Cyt c Cytochrome C
Apaf-1 apoptotic protease activating factor-1
DISC death induced signaling complex
PARP poly ADP ribose polymerase
ORFV Orf virus
TRAIL TNF-related apoptosis-inducing ligand
FADD Fas-associated with death domain protein
IRE1 resident protein Inosital Requiring Enzyme 1
PERK Protein kinase R-like endoplasmic reticulum kinase
ATF6 Activating Transcription Factor 6
CHOP C/EBP homologous protein
Atg autophagy-associated genes
3-MA 3-methyladenine
TGF- β transforming growth factor-β
TME tumor micro-environment
DAMP danger-associated molecular patterns
PAMP pathogen-associated molecular patterns
DCs Dendritic cells
CTLs cytotoxic T lymphocytes
dsRNA Double-stranded RNA
PRRs Pattern Recognition Receptor System
MDA5 melanoma differentiation-associated gene 5
RIG-I retinoic acid induced gene I
NK Natural killer cell
VSV Vesicular Stomatitis Virus
ESIA Endovascular selective intra-arterial administration
T-VEC Talimogene laherparepvec
ECM extracellular matrix
ICIs immune checkpoint inhibitors
CTLA4 Cytotoxic T lymphocyte associate protein-4
mAb monoclonal antibody
EVs extracellular vehicle-wrapped
ZAP Zinc finger Antiviral Protein
Rho Ras homolog gene family
IRE1 inositol-requiring enzyme 1
MXRA8 Recombinant HumanMatrix-remodeling-associated protein
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OVM oncolytic virus M1
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2. The characteristics and classification of OVs

OV are natural or artificially modified viruses that can utilize their
own characteristics to achieve oncolytic effects. It is well-recognized that
OVs exert their effect through two mechanisms: direct and indirect
oncolysis. In direct oncolysis, OVs utilize tumor surface markers to target
tumor cells and replicate within cells, directly mediating cell lysis or
apoptosis [10]. During indirect oncolysis, OVs activate the immune
response by releasing tumor-related antigens, progeny viral particles, and
other cytokines through tumor cell lysis [9,11,15]. Based on differences
2

in genetic material, OVs can be divided into DNA viruses (such as
adenovirus [AdV], herpesvirus, poxvirus, and parvovirus) and RNA vi-
ruses (such as paramyxovirus, ortho-reovirus, and picornavirus RNA
virus). To date, most clinical studies have focused on DNA OVs as
experimental subjects owing to their stable double-helical structure,
numerous conserved sequences, and large genomic manipulation spaces.
Although RNA OVs have an unstable genome and are difficult to modify,
their oncolytic efficiency and effects are stronger than those of DNA OVs,
and the clinical research exploring RNA OVs is gradually increasing [16].
This section provides a detailed introduction to the characteristics and
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applications of several commonly used DNA and RNA OVs in clinical
research, and briefly explains their mechanisms of action based on their
structural components.
2.1. DNA OVs

2.1.1. AdV
AdV is a non-enveloped virus containing a 26–48 kb double-stranded

linear DNA genome, which includes four early genes (E1-E4) and five late
genes (L1-L5). Early gene replication initiates viral DNA replication and
transcription [17], whereas late genes encode the structural proteins of
the virus. Mutation or deletion of E1A, the most important transcriptional
activator of viral gene expression, frequently induces viral replication
disorders in host cells and is often used as a point of modification.

VB-111 is a vascular-targeted therapeutic drug that can be used to
treat recurrent tumors. Based on the type 5 AdV genome with E1A
deficiency, VB-111 carries a modified mouse endothelin precursor pro-
moter and Fas chimeric (Fas-c) genes. Notably, E1A deficiency allows VB-
111 to specifically infect tumor cells, and the Fas-c gene enables VB-111
to mediate apoptosis of tumor angiogenic endothelial cells through the
Fas pathway, thereby inhibiting tumor angiogenesis and destroying
tumor blood vessels [18,19].

DNX-2401 (Delta-24-RGD) is a modified oncolytic AdV used to treat
high-grade malignant gliomas. Based on the type 5 Adv genome, DNX-
2401 was obtained by deleting a partial base in the E1A region respon-
sible for binding to the Rb protein and inserting the RGD-4C sequence
(ACDCRGDCFC) into the genome. Incomplete deletion of the E1A gene
allows DNX-2401 to replicate only in Rb-deficient tumor cells. The RGD-
4C gene enhances the infectivity of DNX-2401 and enables it to target
integrins on the surface of tumor cell membranes, thus facilitating cell
entry for replication and production of offspring particles [20].
DNX-2401 lyses cells and promotes tumor immune cell infiltration to
release tumor-related antigens.

H101 (oncoline) is a recombinant type 5 AdV injection used to treat
refractory advanced nasopharyngeal carcinoma. H101 was obtained by
knocking out an 827 bp sequence in the E1B–55K region and introducing
several point mutations to produce a premature stop-coding region.
Partial E1B deletion causes H101 to proliferate in tumor cells specifically.
Relevant viral proteins can affect cell cycle progression and mediate
apoptosis. In addition, H101 could mediate cellular autophagy to
enhance tumor immune cell infiltration and promote an oncolytic effect
[21].

CG0070 is a modified conditionally replicating type 5 AdV driven by
the human E2F-1 (Early 2 transcription factor-1) promoter to express the
E1 virus gene. In addition, the expression of granulocyte-macrophage
colony-stimulating factor (GM-CSF) enables CG0070 to induce specific
long-term antitumor responses. Lysis of infected tumor cells releases viral
particles and the tumor-associated antigen GM-CSF, stimulating and
enhancing antitumor immune response [22].

2.1.2. Herpesvirus
Herpes viruses are a large group of ubiquitous viruses that infect

humans and animals, and herpes simplex virus (HSV) is the most studied
herpes virus. HSV is an enveloped, double-stranded, linear DNA virus
with a genome size of 152 kb, with most of its genes, including RL1,
UL39, and US12, capable of endowing HSV with characteristics of im-
mune escape [23]. RL1 is the main neuroviral gene of HSV, and its
product ICP34.5 can dephosphorylate eukaryotic initiation factor 2α
(eIF-2α) to reverse the blockade of protein synthesis by inhibiting
Beclin-1 or the interferon (IFN) signaling pathway [24]. UL39 is
responsible for encoding the main subunit of HSV ribonucleotide
reductase (RR); its product ICP6 can inhibit apoptosis caused by tumor
necrosis factor (TNF) α/TNF receptor 1 (TNFR1) and necroptosis induced
by FasL (Fas ligand)/Fas by interacting with caspase 8 [25]. The product
ICP47 of US12 can induce immune escape by downregulating the
3

expression of major histocompatibility complex I (MHC I) and blocking
transporters associated with antigen presentation (TAP) in host cells
[26–28].

G207 is a modified HSV-1 therapeutic drug clinically used to treat
malignant tumors of the central nervous system, including neuroblas-
toma or malignant glioma. Researchers deleted two copies of the RL1
gene and inserted the Escherichia coli lacZ gene into UL39 cells. Mutations
in RL1 and UL39 allow G207 to specifically replicate in tumor cells,
producing viral particles and tumor-associated antigens (TAA) that
strongly enhance the body's immune response [29].

G47Δ is a modified oncolytic HSV-1 developed for treating glioblas-
toma or other neurocentral malignancies. Based on G207, researchers
additionally knocked out the US12 gene to further weaken the replica-
tion ability of G47Δ in normal cells and the inhibitory effect on the
synthesis of MHC I in tumor cells [30,31].

Talimogene laherparepvec (T-Vec) is the first commercially available
genetically modified HSV-1 approved by the US FDA to treat melanomas
that cannot be comprehensively cured surgically [32]. T-Vec was ob-
tained by deleting RL1 and US12 genes, followed by the insertion of the
GM-CSF gene. Deletion of the RL1 gene inhibits the neurotoxicity of
T-Vec in normal cells, while deletion of the US12 gene and insertion of
the GM-CSF gene promotes the antigen presentation ability of infected
tumor cells and recruitment of antigen-presenting cells (APCs) to the
TME [33].

VG2025 is a modified HSV-1 drug used to treat malignant tumors.
VG2025 was obtained by combining a chemokine C-X-C motif receptor 4
(CXCR4) promoter with immunomodulatory cytokine genes (IL-12, IL-
15, and IL-15Rα) to enhance the oncolytic efficacy and promote the
immune response of the host [34]. To enhance the selective expression of
the IE gene in tumor cells, a tumor-specific carcinoembryonic antigen
promoter was inserted at the transcription regulatory control. At the
translational level, repeated binding sites for microRNA-124 and
microRNA-143 were added into the 3’ untranslated region of the RL1
gene to confine virus replication in normal cells, eliciting good safety.
Genetic modification of VG2025 is based on transcription and translation
dual regulation, which can enhance its oncolytic effect and therapeutic
level without damaging normal tissues [35]. In addition, the glycoprotein
B gene was deleted to promote intercellular fusion in tumor cells, thereby
further improving the virulence, persistence, and tumor-killing abilities
of VG2025.

2.1.3. Poxvirus
Poxviruses are enveloped viruses with a 130–330 kb double-stranded

linear DNA. In the family of poxviruses, vaccinia virus (VV) is one of the
most extensively investigated OVs owing to its unique extranuclear
replication. VV has two antigenically different viral particles: an intra-
cellular mature virus (IMV) and an extracellular enveloped virus (EEV)
[36]. Infected cells generate only a small portion of EEV in progeny VV,
and the envelope surface of the EEV is distributed with the host com-
plement regulatory protein (CRP), which can evade the complement
system and prolong survival. However, most progeny viruses are
CRP-free IMVs, which are easily cleared by the host immune system,
weakening their oncolytic effect [37].

JX-594 (Pexavec) is a replicable modified VVwith three alterations in
its genome. Jx-594 was obtained by inserting Lac-Z into the thymidine
kinase (TK) gene to enable specific replication in tumor cells with high
TK expression, along with the addition of GM-CSF genes to mediate a
stronger immune response [38].

Lee et al. designed another oncolytic drug, SJ-607, based on JX-594,
capable of exerting a better therapeutic effect on tumors than JX-594. SJ-
607 was obtained by fusing human CD55 protein to the transmembrane
domains of type I membrane proteins, which can produce IMV-
containing human CD55 protein in infected cells to evade complement
attacks and achieve prolonged survival, thereby eliciting superior onco-
lytic effects [37].
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CF33hNIS (VAXINIA) is a novel chimeric smallpox virus developed
for injection into solid tumors. CF33 was obtained via the homologous
recombination of nine types of smallpox viruses and insertion of the
human sodium iodide cotransporter (hNIS) gene into the J2R gene,
enabling CF33 to image, track, and mediate targeted radiotherapy in vivo
[39,40].

2.1.4. Parvovirus
Parvoviruses (PV) are single-stranded DNA non-enveloped viruses

whose genome naturally undergoes small deletions and mutations to
adapt to the physiological cellular environment. The rat PV, H–1PV (also
known as ParvOryx), a type of OV, has been extensively studied. The
H–1PV genome comprises two transcriptional components, NS and VP,
regulated by the early P4 and late P38 promoters, respectively [41].
Given that the natural host of H–1PV is rats, it is nonpathogenic to
humans. Reportedly, H–1PV cannot replicate in normal human tissues,
although it can effectively infect various human cancer cell lines and
induce an oncolytic effect. Notably, the efficacy of H–1PV has been
demonstrated in several preclinical animal experiments [42,43].

Although DNA OVs possess characteristics such as stability, safety,
and ease of modification, their large genetic composition complicates the
treatment of central nervous system tumors across the blood-brain bar-
rier (BBB). RNA OVs have a smaller structure and are more likely to cross
the BBB to treat central nervous system tumors, rendering them more
suitable for systemic administration. In addition, RNA OVs have higher
oncolytic efficiency than DNA OVs and can reduce the viral dose for
treatment without impairing efficacy, given their smaller genome and
cytoplasmic replication mechanism [44,45]. Therefore, RNA OVs have
great application value and are worth exploring as promising
antitumor-specific drug candidates. Current clinical research on RNA
OVs primarily focuses on Paramyxoviridae, orthoreoviruses, and picor-
navirus RNA viruses [46].

2.2. RNA OVs

2.2.1. Paramyxoviridae
Newcastle Disease virus (NDV) is a single-stranded negative RNA-

enveloped avian paramyxovirus serotype 1 (APMV-1) whose genome
encodes six types of structural proteins: large polymerase (L), hemag-
glutinin neuraminidase (HN), fusion (F), matrix (M), phosphoprotein (P),
and nucleoprote@@ (NP). Among these, the F protein is the key factor
present on the NDV surface that enables selective invasion. Upon binding
of the F protein to the cell surface marker, the NDV can specifically infect
target cells through membrane fusion or endocytosis. NDV reportedly
exerts its immunostimulatory and oncolytic effects through the following
methods [47]: 1) specific targeting of tumor cells, 2) promoting the
spread of the virus via exosomes and syncytia, and 3) suppressing
glycolytic pathways and mediating autophagy in tumor cells [48].

Measles virus (MV) is a highly contagious single-stranded RNA-
enveloped virus. Compared with other single-stranded RNA viruses, the
MV genome is non-segmental, which makes its genes more stable,
thereby resulting in a lower mutation rate. Most clinical studies on
oncolytic MV currently employ an attenuated vaccine strain derived from
the MV-EDM vaccine lineage as the object of renovation, demonstrating
good safety and efficacy in both in vitro and in vivo experiments. MV
utilizes hemagglutinin protein (H) on the envelope surface to recognize
and bind to the host cell biomarkers CD46, CD150, or lectin-4R, entering
cells through F to replicate in the cytoplasm [49]. Although these targets
are expressed at low levels in normal cells, they are overexpressed in
tumor cells. In addition to directly using the original MV as an oncolytic
drug, researchers have also inserted different therapeutic genes into the
MV, such as the BNiP3 gene, to enhance its antitumor effect and
apoptosis-inducing capacity [50].

2.2.2. Orthoreovirus
Reoviruses are double-stranded RNA-non-enveloped viruses with a
4

genome encompassing 10 fragments. Mutations in the KRAS, BRAF, and
EGFR genes allow reoviruses to proliferate preferentially in tumor cells
with abnormal Ras signaling pathways [51]. Currently, four types of
reovirus have been identified, i.e., type 1 Lang, type 2 Jones, type 3
Dearing, and type 4 Ndelle, all of which exhibit distinct antisera
capabilities.

Reolysin is an unmodified OV isolated from type 3 nonpathogenic
reovirus strains and is suitable to treat advanced malignant tumors, such
as glioma, melanoma, ovarian cancer, and pancreatic cancer [52].

Pelareorep is an intravenous reovirus injection based on reolysin,
deemed suitable for most solid and hematological malignancies. Pelar-
eorep selectively replicates in tumor cells, releasing viral particles and
TAAs from lysed cells, potentially activating the innate and adaptive
immune responses and reversing the immune escape induced by tumor
cells [51,53].

2.2.3. Picornaviruses RNA virus
Rigvir is a wild-type ECHO-7 strain without an envelope used to treat

melanoma. As an immunomodulatory agent, rigvir exhibits characteris-
tics of tumor affinity and oncolysis and has been widely used in clinical
treatment in Latvia [54,55].

Coxsackievirus (CV) is a nonenveloped, single-stranded, positive RNA
(ss þ RNA) virus considered a promising oncolytic drug candidate.
Cavatak (CVA21) is an OV isolated from the wild-type Kuykendall strain,
which has shown efficacy in treating various malignant tumors. CVA21
typically interacts with intercellular adhesion molecule 1 and decay
accelerating factor receptors that are overexpressed on the tumor cell
surface, entering tumor cells to exert oncolytic effects [56,57].

In summary, these natural or modified OVs selectively proliferate in
tumor cells and are involved in cell lysis through their unique gene
products. Following tumor cell lysis, viral particles and TAAs are released
to activate the immune system to further kill tumors. In addition, OVs do
not induce serious damage to normal tissues and afford better efficacy
than traditional methods employed to clinically treat malignant tumors.
Currently, most OVs are in the research stage; however, several products
have been approved. Table 1 summarizes the details of OVs discussed,
and their structures are displayed in Fig. 1.

3. Targeting mechanisms of OVs

Intratumoral injection is the most commonly used method for OV
administration. However, the low diffusion of OVs in tumors limits their
area of action and results in uneven drug concentrations. For large and
multiple tumors, multi-site injection is often required, increasing the
number of operations, and direct intratumoral viral injection is inap-
propriate in these conditions. The use of viruses with high specificity to
achieve systemic targeted drug delivery via intravenous channels can
avoid the drawbacks of intratumoral injection and ensure the effective
killing of tumor cells without damaging normal cells. Natural OVs lack
the ability for accurate targeting; therefore, modified OVs are typically
designed via genetic engineering to maximize their function [58]. Nat-
ural or modified viruses can replicate in tumor cells specifically via the
following pathways: (1) Gene mutations cause OVs to replicate in tumor
cells. For example, the human AdV E1B gene encodes a 55 kDa protein
(E1B55K) that binds and inactivates p53, following which the AdV pro-
liferates in cells. Bischoff et al. [59] remodeled mutant AdVs that do not
express this viral protein owing to the loss of ability to inactivate p53,
thereby suppressing their ability to replicate and lyse in functional
p53 cells while selectively replicating and lysing in p53 deficient human
tumor cells. (2) Tumor-specific promoters drive the expression of OV
genes that are crucial for robust replication [60]. For instance, Yue et al.
[61] constructed a conditionally replicative AdV (CRAd), in which the
E1A promoter was replaced by another promoter, MUC16. MUC16 en-
codes CA-125, one of the largest, hyperglycosylated human proteins
expressed in and shed from ovarian cancer cells, and is expressed at a low
level in most other patients with cancer, as well as individuals without



Table 1
Characteristics of different OVs.

Type Virus Advantages Disadvantages Representative

DNA
virus

Adenovirus 1. Easy to culture and purify;
2. High transformation efficiency;
3. High infective ranges of tissues;
4. High expression level;
5. Safety.

1. Unstable;
2. Low repetitiveness;
3. Strong immunogenicity.

1. Oncorine (marketed by
Shangai Sunway Bio);

2. CG0070 (developed by CG
Oncology);

3. VB-111 (clinical trial III);
4. DNX-2401 (marketed by

DNAtrix).
Herpesvirus 1. Large capacity;

2. Easy to obtain;
3. Neurophilic.

1. Ambiguous of molecular biological
characteristics;

2. Neurotoxicity;
3. Auto immunogenicity.

1. T-Vec (marketed by Amgen);
2. VG201 (clinical trial I);
3. G47Δ (marketed by Daiichi

Sankyo);
4. G207 (clinical trail I).

Poxvirus 1. Large capacity;
2. Safety;
3. Conduces strong and systemic anti-

tumor immune response.

1. Auto immunogenicity;
2. High sterility requirement.

1. JX-594 (clinical trial III);
2. CF33-hNIS (clinical trialI).

Parvovirus 1. Natural oncolytic effect;
2. Tumor selectivity;
3. Various types of viruses.

1. Limited capacity;
2. Difficult to infect humans.

1. ParvOryx (clinical trial II).

Paramyxoviridae Newcastle disease
virus

1.High tumor selectivity;
2.Various oncolytic methods.

1.NDV (clinical trial II);
2.MV (clinical trial).

RNA
virus

Measles virus 1.High infective ranges;
2.Stable than other RNA virus;
3.Low risk of mutation.

Orthoreovirus Reovirus 1.Replication and lysis selectivity;
2.High infect efficiently;
2.Wide range of infection.

1.Little capacity;
2.Poor safety;
3.Risk of gene mutation and tumor
induction.

1.Reolysin (clinical trial III);
2.Pelareorep (clinical trial II).

Picornaviruses ECHO-7 1.Good anti-tumor effect. 1.Rigvir (marketed by Latima);
2.CVA21 (waiting for further
research).

Coxsackieviruses 1.Tumor selectivity;
2.Wide range of infection.

Fig. 1. Schematic diagram illustrating the structure of DNA OVs and RNA OVs. Abbreviation: OVs, oncolytic viruses.
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cancer. The modified virus has been shown to selectively inhibit
CA-125þhuman ovarian cancer cells. (3) A deficiency in the antiviral
response of tumor cells is conducive to OV infection and replication. In
this context, the tumor specificity of several OVs largely depends on the
inability of cancer cells to produce an effective antiviral response and
abnormal conditions, such as the absence of the type I IFN signaling
pathway or protein kinase R (PKR) activity, allowing the virus to infect
5

cells [62]. (4) Selective expression of certain molecules in the TME
promotes OV gene expression. For instance, hypoxia-inducible factor
(HIF)-1 mediates transcriptional activation of target genes by binding to
hypoxia response elements (HRE) and hypoxia response promoters
(HRPs) located in its regulatory region under hypoxic conditions. The
POST team [63] constructed a hypoxia/HIF-dependent replicating AdV
with viral replication genes regulated by HRE or HRP. This type of OV
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can replicate only in an environment where HIF exists (e.g., hypoxic
environments). Unlike tumor cells, conventional cells cannot survive in
hypoxic environments; therefore, AdVs are used to target tumor cells. (5)
Tumor-targeting viral vectors deliver OV. For example, mesenchymal
stem cells (MSCs) exhibit several advantages as an OV vector. MSCs can
specifically target tumor cells and are relatively easy to isolate, amplify,
and modify in vitro [64]. Fig. 2 summarizes the specific mechanisms of
OV targeting in tumor cells.

4. Mechanisms of OV-mediated killing

OVs can effectively kill infected cancer cells via multiple pathways,
which can be divided into three categories: direct oncolysis of cancer
cells, indirect killing of uninfected cancer cells, and others [65]. Direct
killing utilizes the characteristics of the OV and tumor cells and does not
rely on extracellular factors to kill tumor cells. OVs selectively replicate
in tumor cells and induce cell death through apoptosis, necrosis, or
autophagy (Fig. 3). In addition to directly lysing tumor cells, OV can also
exert an indirect antitumor action, which is manifested by activating the
immune system of the body to fight against tumor cells. Long-term
immunological memory [66,67] can be generated through an indirect
mechanism and is crucial for preventing tumor recurrence andmetastasis
(Fig. 4).
4.1. Induction of tumor cell apoptosis through multiple pathways

Apoptosis, also known as programmed cell death, is an initial cell
death process controlled by genes and is mainly divided into the
endogenous (mitochondrial pathway), exogenous (death receptor
pathway), and endoplasmic reticulum (ER) stress-induced apoptosis
pathways [68,69]. However, tumor cells can resist apoptosis at different
levels, complicating the treatment of malignant tumors. The ability of OV
to induce apoptosis can facilitate the elimination of tumor cells.

Upon stimulation by oxidative stress, calcium ions, and certain pro-
teases, the mitochondria release Cyt C, which binds to Apaf-1 and ATP
and subsequently to pro-caspase 9 to form the protein complex apopto-
some. This is followed by the cleavage of pro-caspase 9, releasing active
cleaved caspase 9. Subsequently, Caspase 3 is activated, leading to
mitochondrial apoptosis [69,70]. Tian et al. [71] infected cancer cells
with oncolytic AdV ZD55-VEGI-251 and revealed that ZD55-VEGI-251
induced the cleavage of caspase 9. By measuring the mitochondrial
membrane potential, the authors reported that ZD55-VEGI-251 could
6

substantially reduce the mitochondrial membrane potential, causing
mitochondria to release Cyt C to the cytoplasm. These results indicate
that ZD55-VEGI-251 enhances apoptosis in tumor cells via the
mitochondria-mediated apoptotic pathway. Reportedly, NDV markedly
upregulates the expression levels of Caspase-3 and -9 genes in infected
breast cancer cells, thereby indicating that OV can induce apoptosis in
tumor cells via the mitochondrial pathway [72].

Death receptors from the TNF receptor family, such as Fas and TRAIL,
recruit Caspase 8 to form a death-induced signaling complex (DISC) upon
activation. DISC activates Caspase 8, which directly activates Caspase 3
and 7 and ultimately induces cell apoptosis. A previous study found that
ORFV can activate Caspase 3 and cleave poly ADP ribose polymerase
(PARP), eventually leading to apoptosis [73]. Elankumaran et al. [74]
found that NDV infection triggered the upregulation of soluble TRAIL in
CF1 cells. These findings suggested that TRAIL-mediated apoptosis of the
death receptor pathway occurred in tumor cells in the advanced stages of
NDV infection. Additionally, the binding of the NDV strain AF2240 HN
surface protein to the sialic acid receptor was found to trigger the
extrinsic apoptotic pathway via the release of inflammatory TNF-α and
TRAIL cytokines. The binding of these cytokines to their respective death
receptors induces downstream apoptotic signaling through the
Fas-associated death domain [75]. In addition, recombinant oncolytic
AdVs carrying TRAIL exhibited better efficacy than unmodified oncolytic
AdVs in lung cancer models [76]. Using recombinant oncolytic AdV
infection of triple-negative breast cancer cells carrying the TRAIL gene,
Zhu et al. [77] demonstrated the same phenomenon of increased TRAIL
and apoptosis in infected tumor cells. Accordingly, these results indicate
that OV can induce apoptotic pathways triggered by death-inducible
receptors, such as TRAIL, to exert an antitumor role, suggesting that
TRAIL expression increases the potency of oncolytic AdV by enhancing
apoptotic cell death.

During prolonged ER stress, IRE1, PERK, and ATF6 can induce pro-
apoptotic signaling by activating C/EBP homologous proteins (CHOP),
subsequently leading to the initiation of ER stress-mediated apoptosis
[78]. Simultaneously, the Caspase 12 proenzyme can be activated and
transported to the cytoplasm, thus activating Caspase 9 and 3, leading to
cell apoptosis. According to Jia et al. infection with the VV reduced the
expression of anti-apoptotic proteins in hepatoma cells; activated caspase
12, 9, 7, and 3 and PARP; and dramatically downregulated the expression
of ER stress-related proteins BiP and CHOP. These findings indicate that
VV could induce tumor cell apoptosis via the ER pathway [79].
Fig. 2. Schematic diagram illustrating the targeting
mechanism of OVs. The five main approaches of OV-
mediated targeting of tumor cells are as follows: (1)
Gene modification of tumor cells affords a replicative
advantage in tumor cells. (2) Proteins that are highly
expressed in tumor cells (e.g., tumor-specific re-
ceptors) drive viral replication and infection. (3) The
abnormal antiviral response (such as the abnormal
IFN-1 signaling pathway) renders tumor cells suscep-
tible to viral infection. (4) The special tumor micro-
environment causes tumor cells to produce molecules
(e.g., HIF-1) that promote viral expression (5) Tar-
geted viral vectors (e.g., MSC). deliver OVs to tumor
cells. Abbreviations: OVs, oncolytic viruses; IFN-1,
type I interferon; HIF-1, hypoxia-inducible factor-1;
MSC, mesenchymal stem cell.



Fig. 3. Schematic diagram illustrating the direct antitumor mechanism of OVs. The direct antitumor mechanisms of oncolytic viruses include (1) the induction of cell
shrinkage, formation of apoptotic bodies, and promotion of cell apoptosis. (2) Promotes cell membrane rupture, releases cell content, and induces cell necrosis. (3)
Formation of autophagosomes that fuse with lysosomes to promote autophagy. Abbreviation: OVs, oncolytic viruses.

Fig. 4. Schematic diagram illustrating the indirect antitumor mechanism of OVs. OVs infect and cleave tumor cells via virus self-replication. Once the original host cell
swells and ruptures, new OVs are released, which infect other tumor cells. OV-mediated tumor cell death releases DAMPs and PAMPs. These molecules activate NK
cells, APCs, and CD8þ T cells to reverse the immunosuppressive TME. Tumor cells are lysed by OVs to release TAAs and induce antitumor immune responses. APCs
then process TAAs and present these antigens via MHC molecules to CD8þ and CD4þ T cells, thereby promoting the release of cytokines by T cells. CD8þ T cells secrete
cytotoxic granules that destroy tumor cells. IL-2 secreted by CD4þ T cells binds to its high-affinity receptor, IL-2R, on CD8þ T cells, which promotes CD8þ T cell
function. CD4þ T cells release TNF-α and IL-12 to promote APC maturation. In addition, IL-12 contributes to the inhibition of tumor microangiogenesis.
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4.2. Tumor cell lysis via necrosis

Necrosis is characterized by cell lysis owing to the loss of cell mem-
brane integrity, which can be attributed to pathological factors, resulting
in morphological characteristics such as organelle swelling, plasma
membrane rupture, and subsequent loss of intracellular substances. After
the virus selectively replicates in tumor cells, OV inhibits protein syn-
thesis and consumes energy from cancer cells, rendering tumor cells
unable to meet their own growth needs and destroying the normal
physiological balance of tumor cells. Numerous viruses are also capable
of lysing cells, releasing more OV, and infecting more tumor cells,
thereby resulting in a cascade reaction. Although the necrosis mechanism
underlying the effects of OVs is yet to be comprehensively elucidated, it is
clear that OVs can lyse tumor cells after infection [80]. In theory, OVs can
destroy all cancer cells unless the virus is cleared by the immune system
prior to cancer cell elimination [81]. In addition to directly eliminating
viable tumors, necrosis is an immunogenic form of cell death that is
beneficial for initiating a systemic immune response [82].

4.3. Autophagy-mediated inhibition of tumor cell growth

Autophagy-associated genes (ATG) are activated when cells are
placed in a nutrient-deficient environment or stimulated by relevant
stimuli. The expression level of p62, an auxiliary indicator of autophagy,
is known to be inversely proportional to autophagy activity [83]. Beciln1,
an autophagy precursor factor involved in regulating autophagosome
formation to induce autophagy, is not expressed in several tumor cells. In
a study by Zhang et al. [84], hepatocellular carcinoma infected with a
novel oncolytic AdV demonstrated a marked tendency to downregulate
P62 protein expression and upregulate Beclin 1 expression, whereas
chloroquine-mediated inhibition of autophagy enhanced the survival
rate of hepatocarcinoma stem cells; these findings indicated that OV
inhibited cell growth by increasing autophagy levels. Atg 5 participates
in autophagosome formation and is a marker of autophagy initiation
[85]. Jiang et al. [86] observed that after adenoviral infection of brain
cancer stem cells, the expression of the Atg12-Atg5 complex began
increasing, leading to considerable autophagy and inhibition of tumor
cell growth. ORFV reportedly downregulates AKT phosphorylation and
mediates autophagy by inhibiting the AKT-mTOR pathway [87]. More
importantly, certain viruses can adapt to cellular environments and
promote viral replication through autophagy. The addition of 3-methyl-
adenine (3-MA) to inhibit autophagy reduces the synthesis of AdV
structural proteins, whereas rapamycin can promote autophagy, result-
ing in increased AdV production, thereby reflecting a positive correlation
between viral replication and AdV-induced autophagy, which may
generate nutrients that can be used to construct viral progeny particles
[88]. An increase in the OV content can promote the further death of
tumor cells.

4.4. Altering the immune status of the TME

Cancer cells secrete various factors, such as IL-10 and transforming
growth factor-β, that inhibit the body's immune system to promote tumor
development andmetastasis. These cytokines recruit immunosuppressive
cells to the tumor site [89], resulting in a complex TME [90], maintaining
the body in an immunosuppressive state [91]. OVs can reverse the
immunosuppressive TME [92]. OVs transform the immunosuppressive
environment into an antitumor immune response environment via the
local release of IFN, Toll-like receptor agonists, danger-associated mo-
lecular pattern (DAMP), and pathogen-associated molecular pattern
(PAMP) factors [93–100].

4.5. Induction of antitumor immune response

OVs lyse tumor cells to release tumor-specific antigens, which, in
turn, induce immune cells to produce type I IFNs and immunostimulatory
8

molecules and activate the antigen presentation signaling pathway,
thereby enhancing the antigen presentation ability of APCs. Reportedly,
VV can enhance the activity of dendritic cells and macrophages and
induce macrophage polarization toward the M1 subtype [101], which is
responsible for antigen presentation and immune surveillance and has
antitumor ability. Moreover, VV has been shown to promote the
expression of MHCI molecules and the recruitment of BATF3þ dendritic
cells. BATF3þ dendritic cells can phagocytose soluble tumor antigens
andmigrate to regional lymph nodes, triggering adaptive T cell responses
to tumors [102] and promoting the infiltration of innate and cytotoxic T
lymphocytes (CTLs) into tumor infection sites. CTL can recognize and kill
tumor cells, as well as target distant tumor cells. This involves the “in situ
vaccine” and “abscopal effect” in antitumor immunity [103]. Addition-
ally, some lysogenic viruses can exert antitumor effects against their own
components. The HN protein of the NDV was found to remove sialic acid
from the surface of tumor cells, exposing tumor cell surface antigens and
promoting recognition by T cells [104]. Long and short gene fragments of
the reovirus dsRNA reportedly activate two pattern recognition receptors
(PRRs), MDA5 and RIG-I. PRRs activate IFN-I secretion by immune cells,
which contributes to the recruitment of dendritic and natural killer cells
[105].

4.6. Destruction of tumor blood vessels

Tumor growth depends on the nutrients provided by tumor blood
vessels [106–108]; therefore, the destruction of tumor blood vessels
could inhibit tumor growth [109]. OVs can destroy tumor blood vessels
[110]. Studies [111] have shown that intravenously administered ve-
sicular stomatitis virus (VSV)-type OVs can directly infect and destroy
tumor blood vessels in vivo without affecting normal blood vessels. After
entering the body, VSV-type OVs specifically destroy tumor blood ves-
sels, further facilitating extensive viral replication in tumor cells. Sub-
sequently, the virus recruits neutrophils and other immune cells to the
infected tumor site, initiating neutrophil-mediated inflammation in the
body and eventually leading to microthrombi formation in tumor blood
vessels. Microthrombi can affect the nutrient supply of tumor blood
vessels, thereby killing tumor cells.

5. Challenge and prospects

Based on multiple iterative improvements, the design and develop-
ment of OVs have advanced substantially, with great prospects. However,
several challenges need to be addressed prior to the broad application of
oncolytic virotherapy, mainly due to the following three reasons.

5.1. Limited administration approaches

Most currently approved oncolytic viral drugs are used to treat ma-
lignant gliomas, nasopharyngeal carcinomas, and melanomas. Moreover,
intratumoral injection is the most common approach for OV administra-
tion. Previous preclinical and clinical studies have shown that intra-
tumoral injection of OVs is effective, although the efficacy against
disseminated and metastatic tumors remains insufficient. Systemic
administration (e.g., intravenous injection), a notable method for second-
generation oncolytic viral drug delivery, has obvious advantages for
metastatic tumors. Upon injecting viruses intravenously, OVs must cross
the endothelial cell and tumor envelope layers to exert their antitumor
effects effectively. For intracranial tumors, intravenous administration
must overcome the BBB to reach the tumor bed and exert its effects. As
another method of local delivery, intracavity administration can be
adapted for angiosarcomas [112] and epithelioid sarcomas [113]. How-
ever, most of these studies are in the preclinical animal experimental stage.

Therefore, exploring new, safe delivery methods to improve the
effectiveness of OVs is urgently required to expand the clinical in-
dications for oncolytic drugs. To address this issue, Srinivasan et al. [114]
employed selective intra-arterial administration technology with
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high-permeability fluid to cross the BBB, promoting the local aggregation
of MSC-carrying OV Delta-24-RGD (MSC-D24) in gliomas. This method
was found to effectively dissolve animal tumors. Cell-based delivery
carriers are among the most promising carriers for OV delivery. When
hidden in cell vectors, OVs can evade recognition by the host immune
system. MSCs and neural stem cells have been shown to possess
tumor-homing properties and have been exploited to deliver OVs to tu-
mors [115,116]. In the future, the intravascular delivery of OVs may be
achieved via encapsulation within new materials, such as exosomes, li-
posomes, or other new materials that do not damage the blood vessel
endothelium. A new drug delivery system will undoubtedly further
expand the scope of OV applications.

5.2. Potential risk of viral infection

Although accumulated data s does not indicate substantial safety is-
sues, the risk of OV infection remains inevitable. OVs rely on infections to
activate the immune response of patients, thereby killing tumors. Given
that most OV drugs are yet to be established as mainstream cancer
therapies, patients receiving OV treatment may have already received
multiple traditional cancer treatments. Therefore, patients with
compromised immune systems are at higher risk of viral infection [117].
In addition, most OV drugs are administered via intratumoral injection,
which poses the risk of tissue damage and local infection. Therefore, the
safety of OVs must be rigorously evaluated and further optimized before
their clinical application.

The activation and secretion of cytokines by T cells are crucial for
mediating immunotherapy [118,119]. In clinical applications, emphasis
should be placed on monitoring and recording changes in indicators
related to T-cell activity and immune target organ pathology, such as
lymphocyte phenotype detection and determination of the proportion of
CD4þ and CD8þ T-cells. These indicators effectively reflect the immune
status of patients with tumors, allowing physicians to better determine
the OV timing and dosage [120]. Based on clinical experience with OVs,
immunosuppressed patients typically exhibit better responses than those
with intact immune systems. However, this higher anticancer effect is
frequently associated with unacceptable toxicity. Therefore, combining
OVs with immunosuppressive drugs to delay viral immune clearancemay
elicit superior antitumor efficacy [121]. The superior antitumor effects of
OVs can be anticipated as long as the immune system of patients with
tumors is strictly evaluated and immune support is well-provided during
clinical applications.

5.3. Intratumoral antiviral response

5.3.1. Limited intratumoral infiltration of OVs
Tight junctions between epithelial cells in tumors have been impli-

cated as a mechanism underlying drug resistance in tumor cells, espe-
cially in AdV 1. During tumor metastasis, tumor cells transit from the
epithelial-to-mesenchymal transition to the mesenchymal-epithelial
transition state, forming tight junctions between cells again, thus pre-
venting drug penetration from damaging cells within the tumor and
triggering the formation of cancer cells with stem cell characteristics,
which is also an important factor leading to cancer recurrence. Further-
more, the extracellular matrix (ECM) composed of proteoglycans can
hinder the spread of OVs in tumors [122]. Therefore, achieving OV
infiltration into tumors and the subsequent killing effects presents
considerable challenges.

To address this issue, scientists have found that the combination of
OVs and cytotoxic drugs can induce tumor cell apoptosis by activation of
Caspase-8, leading to the formation of channel-like structures and spaces
between tumor cells, which is beneficial for the transmission of OVs,
especially HSVs [117].

5.3.2. Limited viral replication of OVs
To a certain extent, the antiviral immunity of tumor cells can limit
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virus replication in infected tumors. When OVs infect cells during early
stages, certain gene products that help resist viral infection in tumor cells
are cleared or inactivated, which may promote viral self-replication.
However, once the OV activates the host immune system, in addition
to killing tumor cells, the immune system may hinder OV replication. In
addition, apoptosis induced by OVs infecting tumor cells is detrimental to
OV replication. Early apoptosis in tumor cells lacking antiviral activity
can be harmful to the subsequent development of the virus.

To resolve this issue, OVs were modified via the application of genetic
technologies. Preventing OV-induced cell apoptosis during the early
stages of infection was found to substantially promote virus replication,
with cells ultimately “stretched to death” by the virus [123] or “starved
to death” owing to a large amount of intracellular virus “plundering”
energy [124].

Second, the hypoxic effect is a characteristic of solid tumors, known
to occur during the development and growth of tumors and can lead to
cell cycle arrest, thereby inhibiting the replication of viruses within cells.
To overcome the hypoxia-mediated inhibition of adenoviral replication,
Zhang et al. successfully constructed a recombinant oncolytic AdV with a
chimeric HRE sequence by gene editing, thereby targeting tumors under
hypoxic conditions. The virus had a stronger replication ability under
hypoxic conditions, thus exerting a stronger killing effect on renal cell
carcinoma cells.

5.3.3. Maintenance of TME-mediated immune tolerance
Although OVs activate immune responses, such as cytokine release,

lymphocyte recruitment, and activation, other factors also participate in
immune tolerance in the TME, such as lack of co-stimulatory signals,
negative regulation of immune checkpoints, and inflammatory and
metabolic microenvironments. These factors are not conducive for im-
mune cell activation [125,126]. Therefore, TME-mediated immune
tolerance greatly limits the OV-activated antitumor immunity in solid
tumors.

This issue can be effectively addressed through combination therapy,
for example, OVs combined with immunotherapy and OVs combined
with chemotherapy. Two main options are available to combine OVs
with immune therapy: OVs combined with ICIs [127] and OVs combined
with CAR-T. During ICI therapy, PD-1/PD-L1 antibodies alone fail to
comprehensively overcome tumor-specific immune responses mediated
by immune tolerance [128]. However, the combination of monoclonal
antibodies (mAbs) and ICIs (such as PD-1/PD-LLC and CTLA4 mAb) was
found to elicit clinical efficacy in the treatment of various refractory tu-
mors [129]. Blake et al. reported that a patient with diffuse metastatic
melanoma who received a combination of immunotherapy and OV
therapy achieved a complete central nervous system response and partial
systemic response, thereby highlighting the enormous potential of OVs in
combination with immunotherapies. In addition, in patients with
advanced melanoma, intratumoral injection of modified OVs was shown
to enhance immune recognition and achieve a high response rate [130].
To avoid the immunosuppressive effects of the TME, reverse T-cell fail-
ure, and prevent antigen escape, OV therapy has been proposed in
combination with CAR-T cells [131]. Considering OVs combined with
chemotherapy, a phase II trial of ONYX-015 combined with cisplatin and
5-fluorouracil revealed that the effective rate of the combination therapy
group increased by 50%, along with a reduction in tumor volume. The
mechanism of action of ONYX-015 in combination with cisplatin and
5-fluorouracil suggests that following pretreatment with cisplatin and
5-fluorouracil, OVs are more likely to enter and kill tumor cells [132].

Therefore, in the future, apart from genetic engineering, combining
OVs with traditional chemotherapy or ICIs can be explored to exert better
synergistic antitumor effects for the application of OVs.

5.3.4. Immune memory
Pre-existing immune memory of OVs due to previous infections pre-

sents a major challenge in the clinical application of OVs. Following
intravenous injection, OVs are neutralized by pre-stored antibodies, such
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as anti-reovirus and anti-measles virus antibodies [133,134], before
reaching the target cancer cells and quickly activating the body's memory
immune response. Accordingly, the half-life of OVs in the host is short-
ened, which makes it difficult to reach the “viral infection threshold”
[135], thereby resulting in a modest therapeutic effect.

To facilitate the OV evasion of immune attacks, several delivery
strategies have been developed, including stem cell-, cell membrane-,
and serum albumin-mediated OVs [136]. Membrane-mediated systemic
OV drug delivery includes extracellular vehicle-wrapped OVs and tumor
membrane-based hybrid vector systems [137]. Rojas et al. discovered
that the binding of serum albumin to the Adv surface, along with albumin
aggregation on the OV surface, could effectively prevent the
antibody-mediated destruction of AdV [138]. In summary, these vehicles
can deliver OVs intravenously to facilitate effective tumor enrichment
with OVs through blood circulation, thereby improving the efficacy and
safety of drug delivery. More importantly, these delivery systems can
improve biocompatibility by ensuring the antitumor efficacy of OVs and
avoiding rapid OV elimination by neutralizing antibodies, which is
crucial for the clinical treatment of deep tumors and metastases.

5.4. Limited therapeutic targets and patient selection

The modest efficacy of wild-type OVs has been attributed to their low
tumor specificity. Owing to the limited therapeutic and evaluative targets
for tumors, OVs may fail to exert their anticipated effects. For clinical
treatment, wild-type OVs have been genetically modified to improve the
targeting of OVs to specific tumors. Undoubtedly, newly modified OVs
are associatedwith prolonged timelines and higher economic costs, along
with unknown risks, such as changes in virus virulence. Nevertheless,
genetic engineering has resulted in breakthroughs in a growing number
of oncolytic viral drugs. For example, T-VEC, an OV drug marketed in the
United States, is a genetically modified HSV-1. Accordingly, identifying
additional tumor-specific targets for the design and modification of OVs
is an important future research direction.

Considering OV evaluation, the lack of reliable predictive biomarkers
hinders the selection of appropriate patient categories that could benefit
from OVs, as well as efficacy prediction. This reduces the desire of pa-
tients to receive oncolytic drug therapy. Given that most OVs are still in
the experimental stage, patients undergoing treatment with OVs have
already received various traditional cancer treatments, which results in
alter tumor cells when compared with the initial state [139]. This leads to
substantial differences in the effectiveness of OVs among patients.
Typically, patients with tumors who have received traditional antitumor
treatment have an incomplete immune system and are less likely to
produce an immune response to OVs.

Based on the life history traits of the virus, Yan et al. successively
discovered four intracellular biomarkers capable of predicting the effi-
cacy of the M1 virus; these biomarkers included zinc finger antiviral
protein ZAP, cholesterol path-related protein RHOQ, ER stress pathway
protein IRE1α, and KRASmutant protein. In 2022, MXRA8 was identified
as a receptor for the novel OV M1 (OVM), and a dual biomarker system
was discovered to predict the efficacy of the M1 virus [140].

It must be acknowledged that as a widely used clinical anticancer
drug, reliable biomarkers for therapy and therapeutic efficiency evalua-
tion are still lacking. Currently, numerous studies are engaged in iden-
tifying therapeutic and evaluation targets for various tumors, which can
provide directions for further modification of OVs.

6. Conclusions

With the development of biotechnology, our understanding of the
molecular biology and mechanisms of OVs has improved dramatically.
Genetic engineering can achieve OV modification with marked accuracy
and diversification. To date, four oncolytic drugs have been launched
globally and have achieved satisfactory clinical trial results. Moreover,
combining OVs and other treatments was shown to elicit an antitumor
10
phenomenon of “1þ 1>200, which indicates that OVwill gain momentum
for tumor therapy and offer new hope to additional patients.
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