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Oncolytic virus therapy has advanced rapidly in recent years. Natural or transgenic viruses
can target tumor cells and inhibit tumor growth and metastasis in various ways without
interfering with normal cell and tissue function. Oncolytic viruses have a high level of
specificity and are relatively safe. Malignant tumors in the digestive system continue to
have a high incidence and mortality rate. Although existing treatment methods have
achieved some curative effects, they still require further improvement due to side effects
and a lack of specificity. Many studies have shown that oncolytic viruses can kill various
tumor cells, including malignant tumors in the digestive system. This review discusses
how oncolytic virus therapy improves malignant tumors in the digestive system from the
point-of-view of basic and clinical studies. Also, the oncolytic virus anti-tumor mechanisms
underpinning the therapeutic potential of oncolytic viruses are expounded. In all, we argue
that oncolytic viruses might eventually provide therapeutic solutions to malignant tumors in
the digestive system.
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1 INTRODUCTION

Gastrointestinal malignancies’ mortality rate remains high, with gastric and colorectal tumors
among the top five cancers with high incidence rates worldwide (Sung et al., 2021). For decades, a
growing list of different treatment options to control gastrointestinal cancers has been emerging.
The main treatment choices are chemotherapy, radiotherapy, radiofrequency ablation, and surgical
resection. However, these treatment options have a number of drawbacks, including severe side
effects, inability to complete resection, and resistance to long-term use of drugs. This shows that
effective treatments with profound tumor-carnage properties and low adverse and side effects
are needed.

Oncolytic viruses are usually natural or modified viruses that target and kill tumor cells. These
viruses regulate key intracellular processes and anti-viral responses such as apoptosis, inflammation,
angiogenesis, and the cell cycle (Chen et al., 2021). Also, oncolytic viruses can enhance the host’s
anti-tumor immunity through multiple mechanisms (Ramelyte et al., 2021). The ability of oncolytic
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viruses to regulate the above-stated intracellular processes and
anti-viral events, as well as their capacity to be transformed to
express tumor-destructive factors, makes them an effective anti-
tumor agent of great clinical potential. In addition, compared to
other anti-tumor agents, oncolytic viruses generally have
outstanding characteristics, such as being non-pathogenic,
having a relatively good safety profile, and the ability to be
engineered to destroy tumor cells but not healthy cells, as well as
the ability to deliver therapeutic payloads and produce immune-
boosting molecules specific to the tumor cells they infect (Lawler
et al., 2017). Because of these unique features, oncolytic
virotherapy–generally defined as a treatment option that uses
oncolytic viruses to kill cancer cells–has emerged as a promising
therapeutic approach to treat cancers, including malignant
tumors of the digestive system (Cook and Chauhan, 2020).

On the therapeutic front, critical breakthrough lenses that have
emerged are the need to optimize oncolytic virotherapy to modulate
the tumor immune microenvironment and combine oncolytic
virotherapy with other immunotherapies or anticancer treatment
options to derive maximal clinical benefit. Therefore, this mini-
review provides a comprehensive overview of the development and
application of oncolytic virus immunotherapy alone and/or in
combination with other therapies to treat malignant tumors of
the digestive system. We also discuss preclinical and clinical studies
supporting oncolytic viruses’ role in gastrointestinal malignant
tumor therapy and detail the unique therapeutic mechanisms
modulated by oncolytic viruses against cancers.
2 ANTI-TUMOR MECHANISM OF
ONCOLYTIC VIRUS

2.1 Direct Oncolysis
When an oncolytic virus infects and replicates in tumor cells, it
affects the synthesis of nucleic acid and protein in cells and
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 2
damages organelles such as lysosomes, endoplasmic reticulum,
and mitochondria, leading to alterations in cell function and,
finally, killing tumor cells (Figure 1). For example, the
recombinant Newcastle disease virus R2B-GFP virus causes the
loss of mitochondrial membrane permeability in 4T1 and B16-
F10 cells, resulting in cell death (Ramamurthy et al., 2021). The
M1 virus kills cancer cells by inducing endoplasmic reticulum
stress-mediated apoptosis (Lin et al., 2014). In addition, the
capsid protein of an oncolytic virus can also play a direct role in
oncolysis (Yang et al., 2021). Engineered A4 virus carrying the
TRAIL gene expresses TRAIL protein on the viral surface by
linking to the Leu zipper of capsid protein IX (Wang et al., 2016),
which can bind to its receptor TRAILR1 (also known as DR4) or
TRAILR2 (also known as DR5) to specifically induce apoptosis
in cancer cells (Johnstone et al., 2008).

2.2 Inhibition of Intra-Tumor Angiogenesis
Angiogenesis plays an important role in tumor growth and
development (Lugano et al., 2020). Many studies have shown
that an oncolytic virus can effectively inhibit tumor angiogenesis
and limit the supply of oxygen and nutrients to tumor cells. As a
result, tumor cells are eliminated (Gholami et al., 2016), while at
the same time, tumor cell proliferation is prevented (Qian and
Pezzella, 2018).

Tumor angiogenesis can be influenced by oncogene-mediated
protein expression and cellular stress factors such as hypoxia, low
pH, nutrient deficiency, or reactive oxygen species induction (Al-
Ostoot et al., 2021). An oncolytic virus can play an anti-
angiogenesis role in many ways (Angarita et al., 2013)
(Figure 2): (1) Direct infection of tumor vascular cells leads to
the lysis of vascular endothelial cells; (2) Induce virus-mediated
immune response, resulting in cell aggregation and reduced
tumor blood flow; (3) Express viral proteins with anti-
angiogenesis properties or inhibit the synthesis of angiogenesis
promoting factors.
FIGURE 1 | Direct oncolysis. (A) Oncolytic virus acts on the mitochondria of tumor cells, resulting in the loss of mitochondrial permeability, resulting in abnormal cell
metabolism and death. (B) Oncolytic viruses replicate abundantly and cause lysosomes to become damaged, triggering cell lysis (Yang et al., 2021). (C) Oncolytic virus
infection causes endoplasmic reticulum stress response and cell lysis by activating the JNK pathway and caspase-12 cascades. (D) Virus surface capsid protein binds to
TRAILR1 or TRAILR2 and causes apoptosis through the molecular mechanism of trail-mediated apoptosis.
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A recent study demonstrates the ability of an oncolytic virus
to lyse vascular endothelial cells. The iNDV3a-LP binds to
tumor neovascularization in-vivo and promotes endothelial cell
lysis (Wang et al., 2022). And the effect on blood flow is mainly
through the recruitment of neutrophils. VSV infection of tumors
causes massive neutrophil infiltration, resulting in loss of
perfusion due to ischemia, which leads to increased apoptosis
of tumor cells (Breitbach et al., 2007). When cancer progresses,
the concentration of anti-angiogenic factors decreases.
Endothelial cell growth and migration are stimulated by
vascular endothelial growth factor (VEGF), epidermal growth
factor (EGF), fibroblast growth factor (FGF), and interleukin-8
(IL-8) (Jośko et al., 2000). For example, an oncolytic adenovirus
impairs IL-8-induced angiogenesis in pancreatic cancer (Passaro
et al., 2016). Furthermore, several oncolytic herpesviruses are
engineered to produce angiostatin, which has anti-angiogenic
properties in a range of tumor models (Ye et al., 2006; Nair et al.,
2021). However, some oncolytic viruses, such as herpesvirus C-
REV, enhance tumor angiogenesis rather than inhibit it (Aghi
et al., 2007; Kurozumi et al., 2008; Sahin et al., 2012). Therefore,
caution should be exercised concerning their use in oncolytic
virotherapy. However, combining pro-angiogenic oncolytic
viruses with anti-angiogenic strategies can improve their efficacy.

2.3 Regulation of Anti-Tumor Immunity
The expression of immunosuppressive cytokines in tumor cells
and tumor immune microenvironment is linked to the
inactivation of effector immune cells and even recruitment of
immunosuppressive cells, resulting in the body’s inability to clear
tumor cells in this immunosuppressive state (Borsig, 2018;
Axelrod et al., 2019). Therefore, changing the suppressed state
of the tumor immune microenvironment has an essential role in
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
clearing tumor cells. Oncolytic viruses can alter the cytokine
milieu and enhance immune cell maturation and activation,
restoring and increasing the body’s function in tumor cell
clearance (Raja et al., 2018; Galon and Bruni, 2019) (Figure 3).

An oncolytic virus can play an anti-tumor role by reversing the
immune silencing state of the tumor immune microenvironment.
For example, OHSV2 can effectively reduce the levels of bone
marrow-derived suppressor cells (MDSCs) and regulatory T cells
(Tregs) in the spleen, thus achieving reversal of the
immunosuppressed state (Zhang et al., 2020). In addition,
FIGURE 3 | Regulation of anti-tumor immunity. On the one hand, the virus
activates IRF3 or NF-kB through the TLR3 pathway and inhibits the proliferation
of MDSCs (Katayama et al., 2018) to recruit T cells to play an immune role. On
the other hand, the virus activates the anti-viral pathway, induces the production
of type I IFN and other cytokines, acts on DCs, NK cells, and T cells through
cytokine and antigen presentation, and finally activates the body’s immune
response and kills tumor cells.
FIGURE 2 | Inhibition of intra-tumor angiogenesis. (A) Binding of iRGD liposome-encapsulated oncolytic virus to avb3 receptor directly induces lysis of HUVECs.
(B) Oncolytic virus infection causes the recruitment of a large number of neutrophils and the formation of microthrombosis, resulting in the loss of blood perfusion
and the increase of tumor cell apoptosis caused by ischemia. (C) Oncolytic virus dl922-947 treatment reduces IL-8 production in ATC cell lines by displacing the
transcription factor NF-kB p65 from the IL8 promoter, thereby inhibiting tumor angiogenesis. (D) Adenovirus can express E1A protein, which can downregulate
VEGF by interacting with angiogenic proteins, thereby affecting neointima in the tumor microenvironment and ultimately achieving tumor lysis.
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treatment of homozygous mice bearing 4T1 TNBC tumors with
G47D-mIL12 was able to reduce MDSCs, leading to CD8 T cell-
dependent inhibition of 4T1 tumor growth, inhibition of tumor
angiogenesis, and prevention of lung metastasis, while increasing
intra-tumor CD8 T cell infiltration, with local and systemic anti-
cancer effects (Ghouse et al., 2020).

Tumor killing is aided by natural killer cells (NK), CD8 T cells,
and dendritic cells (DC). Oncolytic viruses have been proven in
numerous investigations to activate or recruit these immune cells
to have an anti-tumor effect. The levels of NK cells, CD8 T cells,
and DC increased dramatically after OHSV2 treatment (Ghouse
et al., 2020). This treatment response was equated to being the
mechanism by which OHSV2 exerts its oncolytic activity. In
addition, oncolytic herpes simplex virus (T-VEC) can recruit
tumor antigen-specific CD8 T cells and induce anti-
inflammatory gene characteristics in injected and non-injected
tumors (Ye et al., 2018). Furthermore, Newcastle disease virus
(NDV) infection stimulates type I interferon (IFN) production via
other tumor-infiltrating immune cells (Garcıá-Romero et al.,
2020), as well as type I IFN signaling for antigen presentation,
DC maturation, memory cytotoxic T lymphocyte activation and
survival, NK cell activation, and neutrophil recruitment (Zitvogel
et al., 2015; Parker et al., 2016). Engineered lysing virus and
Semliki Forest Virus (SFV) infections that express a programmed
death ligand-1 (PD-L1) inhibitor, as well as a granulocyte-
macrophage colony-stimulating factor (GM-CSF), have been
shown to activate antigen-specific T cell (Ma et al., 2020; Wang
et al., 2020).

Oncolytic virus therapy can establish long-term anti-tumor
immunity in immune regulation and prevent tumor recurrence.
For example, the M1 virus can destroy the immune tolerance
of the tumor immune microenvironment, change the
immunosuppressive state, trigger an effective CD8 T cell-
dependent treatment effect, and establish long-term anti-tumor
immune memory in a tumor model with poor immunogenicity
(Liu et al., 2020). A study of the oncolytic vaccinia virus also
illustrates this mechanism. The use of tumor-selective oncolytic
vaccinia viruses encoding interleukin-7 (IL-7) and interleukin-12
(IL-12) can make mice with complete tumor regression resist the
re-attack by the same tumor cells (Nakao et al., 2020).
3 ONCOLYTIC VIRUS IMMUNOTHERAPY
IN GASTROINTESTINAL MALIGNANT
TUMORS

3.1 Oncolytic Virus (Including Transgenic)
Monotherapy
In this new era of innovative medicine, oncolytic viruses have
become a promising primary treatment essential to fighting
cancer. Various natural viruses have been found to have an
effective oncolytic effect throughout many years of research.
Natural viruses, on the other hand, have low specificity and
pathogenicity, so researchers have been continuously optimizing
them through transgenic technology to enhance their tumor
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 4
specificity and selectivity. This section aims to focus on the latest
advances in clinical applications of various oncolytic virus
immunotherapies in the treatment of malignant tumors of the
digestive system, especially when coupled with other cancer
treatment strategies (Table 1).

3.1.1 Colorectal Cancer (CRC)
Coxsackievirus is a single-stranded RNA virus that belongs to the
small ribonucleic acid family of human enteroviruses (Simmonds
et al., 2020), among which coxsackievirus B3 (CVB3) has much
great potential in the fight against colorectal cancer. However,
wild-type (WT) CVB3 treatment leads to cardiac and pancreatic
damage (Deng et al., 2019; Jia et al., 2019; Hazini et al., 2021b).
As a result, strategies to improve its safety while also improving
its therapeutic efficacy are required. First, one way is to select
from numerous strains preferentially. Also, PD uses N- and 6-O-
sulfonated acetylated heparin sulfate (HS) to enter host cells. It
infects colorectal cancer cell lines with the highest efficiency in-
vitro when compared to Nancy and 31-1-93 (Zautner et al.,
2003). In addition to the good safety profile, in-vivo, PD
application in a mouse colorectal cancer transplant tumor
model showed significant tumor growth inhibition (Hazini
et al., 2018). Second, another effective strategy is targeting the
damage produced by CVB3 in the pancreas with transgenic
modification of coxsackieviruses. For instance, researchers
inserted miR-375TS into CVB3’s 3′UTR, a multi-protein
coding sequence of CVB3, that reduced viral infection of
pancreatic cells while maintaining CVB3’s tumor lytic function
in an in-vitro experiment (Pryshliak et al., 2020). Of course, viral
toxicity to the heart is non-negligible. In this case, combining the
basal pancreas-specific expression of miR-375 with the heart-
specific expression of miR-TS would enhance CVB3 virus
effectiveness in preventing virus replication in the pancreas
and heart while retaining the anti-tumor effect. This strategy
further improves the specificity of CVB3 in animal experiments
(Hazini et al., 2021b). It is worth noting that coxsackieviruses’
safety is tightly linked to the virus’s route of administration, and a
recent study indicated that intratumoral injection of recombinant
CVB3 variant PD-H caused no side effects. In immunocompetent
mice, however, intraperitoneal administration resulted in weak
pancreatitis and myocarditis (Hazini et al., 2021a).

In addition to CVB3, the herpes simplex virus (HSV) has
shown tumor lysis potential. In 2015, the U.S. Food and Drug
Administration (FDA) approved genetically modified T-VEC
to treat advanced melanoma patients (Guo et al., 2019). In
recent years, the herpes simplex virus has demonstrated
therapeutic potential against various tumors (Hamada and
Yura, 2020; Mondal et al., 2020; Bernstock et al., 2021). For
example, HSV-2 expressing GM-CSF showed potent anti-
tumor effects in multiple CRC cell lines and mouse CRC
models, as well as the ability to modulate the immune
response to enhance the therapeutic effect further. According
to a recent animal study, HSV-2 expressing GM-CSF-induced
immune response was effective against metastatic tumors,
resulting in lasting anti-tumor effects and efficient prevention
of tumor recurrence (Zhang W. et al., 2021). Furthermore,
June 2022 | Volume 12 | Article 921534
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vesicular stomatitis virus (VSV) and its DM51 mutant exhibited
a destructive effect on SW480 colorectal cancer cells in an in-
vitro cellular study (Gray et al., 2019). VVLDTKDN1L-mIL-21,
a novel lysing virus-containing IL-21, effectively induced
adaptive T-cell responses that eliminated primary tumors and
prevented tumor recurrence in an animal study (Wang et al.,
2021). These studies, taken together, provide new viral options
for the treatment of colorectal cancer. Aside from the anti-
tumor effects, genetic modification of the virus can help us
determine the appropriate dose for treatment. In complete and
EEV forms, the recombinant virus CF33Fluc, which was
obtained by substituting the thymidine kinase gene with
firefly luciferase (Fluc), is more effective than the parental
virus in another animal study. Real-time non-invasive
imaging of viral replication can be used to assess viral
replication in real-time (Warner et al., 2019).
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5
3.1.2 Liver Cancer
Hepatitis C virus (HCV) infection is common in people with
liver cancer, and IFN is frequently used to treat it. As a result,
treating liver cancer patients with an oncolytic virus will present
two challenges: the first is determining whether the oncolytic
virus can play a role in HCV-infected cells, and the second is
determining whether interferon can inhibit the replication of the
oncolytic virus. Researchers have recently looked into the two
issues mentioned above. Studies have shown that avian reovirus
ARV-PB1 can kill various liver cancer cell lines in-vitro (Kozak
et al., 2017). In liver cancer cell lines infected with HCV, ARV-
PB1 can still replicate normally and play a typical role in tumor
lysis. Another study discovered that IFNa could activate IFN
stimulating genes (ISGs), inhibit M1 virus replication, and
prevent cell apoptosis. Thus, IFN treatment antagonizes the
M1 virus’s oncolytic action. Other anti-hepatitis drugs, such as
TABLE 1 | Oncolytic virus (including transgenic) monotherapy.

Type of cancer Virus Virus name Route of virus
administration

Effect Reference

Colorectal
cancer

CV PD Intratumoral
injection.

Strongly inhibit tumor growth (Hazini et al., 2018)

PD-H Intratumoral
injection

Strongly inhibit tumor growth (Hazini et al., 2021a)

CVB3-375TS (3+) Intratumoral
injection

Reduced toxicity to pancreas (Pryshliak et al., 2020)

H3N-375TS Intratumoral
injection

Significantly slow down tumor growth (Hazini et al., 2021b)

H3N-375/1TS Intratumoral
injection

Significantly slow down tumor growth (Hazini et al., 2021b)

HSV oHSV2 Intratumoral
injection

Significantly slow down tumor growth (Ying et al., 2017)

oHSV2 Intratumoral
injection

Effectively kill primary tumors and attack distal and
metastatic tumors

(Zhang W. et al., 2021)

VSV DM51 mutant Cell experiment Significant cytotoxicity (Gray et al., 2019)
VV VVLDTKDN1L-mIL-21 Intratumoral

injection
Reduced toxicity to pancreas (Wang et al., 2021)

Liver cancer ARV ARV-PB1 Cell experiment Replicate normal and induce intense cytopathy (Kozak et al., 2017)
Influenza A
virus

M1 i.v. Reduced toxicity to pancreas (Ying et al., 2017)

AdV Ad-VT Intratumoral
injection

Reduced toxicity to pancreas (Tian et al., 2020)

CV NOV Intratumoral
injection

Reduced toxicity to pancreas (Jeong and Yoo, 2020)

CVV i.p. Effectively reduce cancer cell metastasis (Yoo et al., 2017)
Chimeric
virus

rVSV-NDV I.v. Reduced toxicity to pancreas (Abdullahi et al., 2018)

Pancreatic
cancer

AdV Ad5/3-E2F-d24-vIL2 Intratumoral
injection

Significantly prolonged survival (Quixabeira et al., 2021)

LOAd703 i.p. Significantly slow down tumor growth (Eriksson et al., 2017)
OBP-702 Intratumoral

injection
Significantly inhibit the growth and invasion of cancer
cells

(Koujima et al., 2020)

OV CF33-hNIS-antiPDL1 i.v. Reduced toxicity to pancreas (Woo et al., 2020)
VSV VSV-p53OV Cell experiment Normal replication and stable inheritance (Steinhauer et al., 1992)

Gastric cancer HSV T-SOCS3 Cell experiment Significant cytotoxicity (Matsumura et al., 2021)
G47D Intratumoral

injection /i.v.
Reduced toxicity to pancreas (Sugawara et al., 2020)

AdV Ad-Surp-mK5/Ad-Surp-
MnSOD 296

unknown Reduced toxicity to pancreas (Liu et al., 2022)

Oesophageal
cancer

HSV G47D Intratumoral
injection

Reduced toxicity to pancreas (Yajima et al., 2021)
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direct anti-viral small molecule drugs (DAA) and ribavirin
(RBV) for chronic hepatitis C, do not inhibit M1’s oncolytic
activity. As a result, the patient’s conditions must be evaluated
before beginning IFNa and M1 virus combined therapy in
patients with hepatocellular carcinoma complicated by
hepatitis B virus or hepatitis B virus infection. When the
expression of ISGs is abundant in the tumors of patients with
liver cancer, coadministration of IFNa with M1 virus is not
recommended. The standard chemical-based anti-hepatitis
regimens should be selected in this case (Ying et al., 2017).

Various recombinant viruses have better tumor specificity,
less toxicity to normal cells, and can inhibit tumors from
metastasizing. In a tumor-bearing nude mouse model assay,
the dual cancer-specific anti-tumor recombinant adenovirus
Ad-apoptin-hTERTp-E1a (Ad-VT) showed tumor-specific
replication and specific tumor-killing. In addition, in
hepatocellular carcinoma QGY-7703 cells, it effectively
inhibited tumor growth and promoted apoptosis (Tian et al.,
2020). The NOV, which was obtained by inserting TRAIL and
Ang1 into the engineered VV, also had anti-tumor effects via the
apoptotic pathway in CRC homologous mouse models (Jeong
and Yoo, 2020). The treatment of mice with in-situ
hepatocellular carcinoma with the novel hybrid virus rVSV-
NDV significantly prolonged the mice’s survival time. In
addition, it had a reduced cytotoxic effect on healthy
hepatocytes and neurons while retaining its benefits (Abdullahi
et al., 2018). Furthermore, more than half of hepatocellular
carcinoma patients develop metastases (Yoo et al., 2017), and
oncolytic viruses have shown promise in the treatment of
metastatic liver cancer. For instance, in an animal model of
metastatic liver cancer established with a high CD44-expressing
Sk-Hep-1 cell line, CVV, an engineered poxvirus produced by
repeated selective replication in cancer tissue and deletion of the
viral thymidine kinase gene, attenuates cell migration. Therefore,
they reverse the metastasis of highly metastatic Sk-Hep-1 cells by
inducing low CD44 to reduce the expression of EMT markers.
This study provides a new avenue for treating metastatic liver
cancer (Yoo et al., 2017).

3.1.3 Pancreatic Cancer (PC)
Pancreatic cancer has an extremely poor prognosis. Due to its
aggressive nature, pancreatic cancer has a 5-year survival rate of
less than 10% (Mcguigan et al., 2018), and only 15% of patients
are suitable for surgical resection treatment, with the majority of
patients progressing to locally advanced stages or developing into
metastatic disease (Strobel et al., 2019). Adenovirus and
orthopoxvirus effectively suppress tumor metastasis and
prolong the survival rate. An animal study has shown that
recombinant adenovirus Ad5/3-E2F-d24-vIL2 can counteract
immunosuppression and coordinate lymphocyte-mediated
immunity (Quixabeira et al., 2021). Adenovirus also aids
oncolysis by modulating several signaling pathways, including
the CD40, 4-1BB, and ERK signaling pathways. One adenovirus,
LOAd703, that carries trimers CD40L and 4-1BBL can initiate
and regulate multiple signaling pathways, kill cancer cells, and
affect the immune microenvironment (Eriksson et al., 2017).
Another recombinant adenovirus, OBP-702, can effectively
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
inhibit the migration of pancreatic ductal adenocarcinoma
(PDAC) cells induced by neurosecretory factors by suppressing
extracellular regulated protein kinase (ERK) signal transduction
in a preclinical, experimental study (Koujima et al., 2020). The
application of orthopoxvirus shows that the route of
administration impacts oncolytic viruses’ therapeutic effects.
An artificially designed immunolytic agent, CF33-hNIS-
antiPDL1, had a better curative effect when administered
intraperitoneally than intravenous. Early IP treatment has been
shown in animal studies to significantly reduce tumor burden,
delay disease development, and increase the likelihood of
survival (Woo et al., 2020).

VSV is also one of the oncolytic viruses used in pancreatic
cancer therapy. However, pancreatic ductal adenocarcinoma
cells have a wide range of sensitivity and tolerance to VSV-
based oncolytic viruses like VCV-DM51 (Felt and Grdzelishvili,
2017). A novel VSV (called VSV-p53OV) derived from the
original VSV-p53wt and VSV-p53-CC inhibited PDAC cells
from multiplying. However, like other RNA viruses, VSV lacks
the proofreading function of the virally encoded RNA-dependent
RNA polymerase (RdRp) and is prone to gene mutation [65].
Thus, the genetic stability of the advantageous transgenic
fragments carried by VSV is essential. Surprisingly, after 33
generations of virus passages, all viruses retained the original
virus-carried p53 (p53wt or p53-CC) and red fluorescent protein
(RFP) sequences without any mutations in the transgenic
fragment in a basic research study (Seegers et al., 2020).

3.1.4 Gastric Cancer
The herpes simplex virus is the most frequently studied in gastric
cancer investigations. However, not all gastric cancer cell lines
will respond to the herpes simplex virus transformation. MKN1
is resistant to OHSV expressing platelet lectin-1 (TSP-1) (Tsuji
et al., 2013). For MKN1, researchers have developed a new
herpes simplex virus called T-SOCS3 that expresses cell signal
transduction inhibitor 3 (SOCS-3). In MKN1 cells with low
SOCS3 expression after T-01 infection, T-SOCS3 showed a more
efficient oncolytic effect in a basic research (Matsumura et al.,
2021). In addition, the fourth-generation oncolytic herpes
simplex virus (T-hTERT) containing the ICP6 gene, which is
regulated by the hTERT promoter, was more toxic to MKN1 cells
in an in-vitro cellular study (Kato et al., 2021). These studies
provide a new strategy for treating drug-resistant gastric cancer
cell lines.

Due to the lack of reliable screening strategies and apparent
specific clinical manifestations, many patients with gastric cancer
present in advanced stages (Smyth et al., 2020). Gastric cancer
has a 5-year survival rate of 25-30% (Tirino et al., 2018) and is
the third leading cause of cancer-related mortality (Seidlitz et al.,
2021). Even in the late stages of gastric cancer, the third-
generation herpes simplex virus type 1 (HSV-1) G47D can
replicate in gastric cancer cell lines, including sclerosing gastric
cancer cell lines, and induce cytopathic effects. In addition, G47D
significantly inhibited tumor growth in an in-vivo subcutaneous
tumor model, and when administered intratumorally, G47D
demonstrated good anti-tumor effects regardless of the dose
regimen. In a peritoneal dissemination model, intraperitoneal
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injection of G47D also showed significant effectiveness, probably
because G47D could rapidly penetrate disseminated tumors and
selectively replicate therein without the need to inject the virus
into each tumor node (Sugawara et al., 2020).

Development of oncolytic adenoviruses to tackle gastric
malignancies remain a hot research topic in cancer
therapeutics. Rigvir® was the first non-genetically modified
gastric cancer virotherapy agent to be approved (Alberts et al.,
2016). However, Rigvir®’s therapeutic scope is not limited to
gastric cancer only. For instance, in-vitro experiments–in-vivo
confirmation is lacking–have shown an inhibitory effect on the
viability of multiple tumor cells of human origin, including
pancreatic cancer cells (Tilgase et al., 2018). A recent in-vitro
experiment found that the combination of adenoviruses carrying
mK5 and MnSOD genes showed stronger cytotoxicity than a
single virus therapy. In addition, no significant differences in
body weight were found between the combination treatment
mice and the normal mice, demonstrating that this unique
combination therapy is plausibly safe (Liu et al., 2022). This
strategy of combining two viruses differs from the traditional
combination therapies, and it points to a new direction for
oncolytic viral research.

3.1.5 Esophageal Cancer
The third-generation oncolytic herpes simplex virus type 1
(HSV-1) g47d might be used to treat a variety of human
malignancies, including esophageal cancer (Wang et al., 2014;
Wang et al., 2015; Sugawara et al., 2020; Uchihashi et al., 2021).
G47d administered intratumorally has been found to have an
effective oncolytic effect on subcutaneous and in-situ EC tumors
in mice. Furthermore, g47d was safe when given orally and
intraesophageally in high doses (Yajima et al., 2021). In a tumor-
bearing animal model, VSV reduces the development of a variety
of cancers when administered intratumorally or intravenously
(Felt and Grdzelishvili, 2017), indicating that it might be used to
treat esophageal cancer. Although the mechanism by which VSV
induces autophagy activity via MPS remains unknown, a study
found that VSV has oncolytic activity in the esophageal cancer
cell line KYSE-30, suggesting that M51R mutant matrix protein
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 7
(M51R mMP) may promote oncolysis (Douzandegan
et al., 2019).

3.2 Oncolytic Virus Combined
With Chemotherapy
Chemotherapy is one of the most commonly used treatments for
cancer. On the other hand, long-term chemotherapy use causes
drug resistance, which is accompanied by increasingly severe side
effects (Phillips and Mousa, 2022), such as hepatotoxicity and
nephrotoxicity, which cause a slew of issues and lower the
patient’s quality of life. In recent years, oncolytic viruses paired
with chemotherapy have demonstrated many benefits, including
reduced toxicity, increased specificity, and improved
chemotherapy’s curative efficacy (Table 2).

3.3 Colorectal Cancer
One of the most pressing issues in oncolytic viral treatment for
colorectal cancer is overcoming chemotherapeutic drug
resistance. Although oxaliplatin is one of the first-line
chemotherapy drugs for stage III and IV colorectal cancer,
patients who are resistant to it have a poor prognosis.
Coxsackievirus A11 (CVA11) has a potential oncolytic effect
on the sensitivity of the caco-2 cell line to oxaliplatin treatment.
However, it has little effect on the oxaliplatin-resistant cell line
WiDr. Moreover, the oncolytic activity of CVA11 is enhanced
after oxaliplatin pretreatment, but the combination treatment’s
cytotoxicity is stronger than either oxaliplatin or CVA11
monotherapy (Wang et al., 2018). It is not by chance that
oxaliplatin combined with an oncolytic virus has such a
positive impact. Combining lonidamine with the M1 virus
shows a synergistic anti-tumor effect. In a mouse colorectal
cancer model, lonidamine enhanced the infection and tumor-
killing effects of the M1 virus by inhibiting myeloproliferative
proto-oncogene (MYC), which not only reveals that lonidamine
is a potential synergist of the M1 virus but also implies that MYC
deficiency is a potential selective biomarker of M1 virus oncolytic
efficacy (Cai et al., 2020). However, it is worth noting that
targeted therapeutic combinations do not always improve
outcomes. A clinical trial, for example, found that combining
TABLE 2 | Oncolytic viruses combined with chemotherapy.

Type of
cancer

Virus Virus
name

Chemotherapeutic
drug

Route of virus
administration

Effect Reference

Colorectal
cancer

CV A11 Oxaliplatin Intratumoral
injection

Significantly enhance the efficacy of monotherapy (Wang et al., 2018)

Influenza A
virus

M1 Lonidamine i.v. Infection and tumor killing effect of M1 virus (Cai et al., 2020)

Liver cancer NDV NDV Fludarabine i.p. Synergistic inhibition of tumor growth (Meng et al., 2019)
NDV 5-FU i.p. Synergistic inhibition of tumor growth (Assayaghi et al., 2019)

Pancreatic
cancer

VV VV-ING4 Gemcitabine Intratumoral
injection

Synergistic inhibition of tumor growth (Wu et al., 2017)

HSV HF10 Erlotinib, Gemcitabine Intratumoral
injection

Safe treatment for locally advanced pancreatic
cancer

(Hirooka et al., 2018)

ARV Pelareorep Gemcitabine i.v. Improve the expected survival rate of
chemotherapy alone

(Mahalingam et al., 2018)

Pelareorep 5-FU, Irinotecan,
Irinotecan

i.v. Synergistic inhibition of tumor growth (Mahalingam et al., 2020)
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lysing euthero virus (Reolysin ™) with standard first-line
chemotherapy resulted in a shorter progression-free survival
than chemotherapy drugs alone (Jonker et al., 2018).

3.3.1 Liver Cancer
Newcastle disease virus (NDV) mediates innate and adaptive
immunity, resulting in a cross-activated anti-tumor immune
response (Schwaiger et al., 2017). In addition, its therapeutic
effects are associated with CD8 T cells, NK cells, and type I IFNs,
but not with CD4 lymphocytes (Zamarin et al., 2014; Ricca et al.,
2018). Recent studies have discovered that combining NDV with
chemotherapeutic drugs can increase NK cell infiltration and
improve anti-tumor effects. Fludarabine, a chemotherapeutic
agent for chronic myeloid leukemia, promotes viral replication
by targeting signal transducers and activator of transcription 1
(STAT1). This response promotes tumor catabolism and
increases ubiquitin proteasomal degradation by accelerating
phosphorylated cell signaling with transcriptional activator 3
(p-STAT3) and indoleamine 2,3-dioxygenase-1 (IDO1).
Through the mechanisms described above, NDV-mediated
viral immunotherapy enhances NK cell infiltration and reduces
the number of MDSCs in the tumor immune microenvironment
(Meng et al., 2019). NDV has also been demonstrated to improve
the anti-tumor action of the chemotherapeutic drug 5-
fluorouracil (5-FU) by increasing apoptosis induction. The
combination of NDV and 5-FU showed stronger anti-tumor
effects than either treatment with NDV or 5-FU alone in an
animal study (Assayaghi et al., 2019).

3.3.2 Pancreatic Cancer
Gemcitabine is one of the first-line chemotherapeutic agents for
pancreatic cancer. However, due to its increased drug resistance
and reduced therapeutic effect, new approaches are needed to
improve the efficacy of gemcitabine. Thus, combining
gemcitabine with oncolytic viruses may have great anti-tumor
therapeutic potential. For example, studies have shown that
when gemcitabine (0.01 or 0.05 mM) is combined with
oncolytic adenovirus YDC002, the anti-cancer outcomes in
pancreatic cancer are better than with a single treatment. This
indicates that oncolytic virus YDC002 can make highly resistant
pancreatic cancer cells more sensitive to gemcitabine. Besides, it
has been found that YDC002 can effectively destroy the
extracellular matrix and enhance gemcitabine-induced
apoptosis. The safety of gemcitabine and YDC002 combination
treatment has been shown to be negligible. Even when compared
to gemcitabine or YDC002 alone, this combination therapy
treatment did not apparently affect body weight and liver
function (Jung et al., 2017).

In addition, gemcitabine can penetrate cancerous cells
effectively, and when used in conjunction with other drugs or
treatment strategies, beneficial synergistic effects are often
reported (Wu et al., 2017). The efficacy and safety of
gemcitabine, when combined with other therapies against
pancreatic cancer, have also been proven in several clinical
studies. For example, a phase I clinical trial found that
combining Erlotinib and gemcitabine with direct injection of
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 8
herpes simplex virus mutant HF10 under ultrasound endoscopic
guidance had a stronger anti-tumor effect and that all
experimental doses (1×106, 3×106, or 1×107pfu/day×4 times)
during dose escalation showed good safety and efficacy (Hirooka
et al., 2018). Furthermore, in a phase II clinical trial investigating
the role of pelareorep in combination with gemcitabine for
advanced pancreatic cancer (the median OS of patients
receiving this combination was 10.2 months), the 1- and 2-
year survival rates were 45% and 24%, respectively, which were
significantly higher than the expected survival rates with
gemcitabine therapy alone. This was similar to the efficacy
obtained with FOLFIRINOX in the same experimental setting.
Pelareorep plus gemcitabine, on the other hand, demonstrated a
better safety profile than FOLFIRINOX therapy and could be
used as an adjunct to gemcitabine monotherapy (Mahalingam
et al., 2018). In a phase Ib clinical study, the combination of
pelareorep and pembrolizumab with chemotherapy (5-FU,
gemcitabine, or irinotecan) had no significant toxicity despite
the desirable efficacy (Mahalingam et al., 2020).

3.3.3 Gastric Cancer
A dual therapy of intraperitoneal injection of green fluorescent
protein (GFP)-expressing attenuated adenovirus (OBP-401) plus
paclitaxel (PTX) has been demonstrated to successfully suppress
peritoneal metastasis of gastric cancer in an in-situ xenograft
model. Synergistically, OBP-401 and PTX can inhibit the
viability of human gastric cancer cells, and PTX enhances
OBP-401’s anti-tumor effects by boosting viral replication in
cancer cells. However, further research into the combined
therapy’s clinical efficacy and tolerance is required (Ishikawa
et al., 2020).

3.4 Oncolytic Virus Combined With
Targeted Therapy
Targeted therapy is one of the most successful ways to treat
tumors by inhibiting tumor cell growth or inducing apoptosis by
acting on specific cell receptors, signaling, and other channels
that promote tumor growth and survival, neovascularization,
and cell cycle regulation. However, targeted therapy also has
drawbacks, such as drug resistance and side effects, and the use of
oncolytic viruses in combination with targeted therapy has
improved the therapeutic effect (Table 3).

3.4.1 Colorectal Cancer
EGFR signaling is important for apoptosis, angiogenesis, cell
proliferation, migration, and invasion. Cetuximab can enhance
the anti-tumor activity of the herpes simplex virus canerpaturev
(C-REV) by promoting viral distribution and inhibiting
angiogenesis while not interfering with the viral replication
process. It is noteworthy that injection of C-REV prior to
cetuximab REV has no additive effect on tumor growth
compared to C-REV alone in a preclinical study. Therefore,
the order of application should be carefully considered (Wu
et al., 2019). In addition to cetuximab, the combination therapy
of propranolol and oncolytic viruses has been shown to enhance
anti-angiogenic effects. Also, propranolol and T1012 combined
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therapy promoted vascular endothelial growth factor secretion
inhibition. However, this combined treatment does not promote
viral replication compared to that of cetuximab in an animal
study (Hu et al., 2021a).

Furthermore, dysregulation of the mitogen-activated protein
kinase (MAPK) signaling cascades occurs frequently in several
melanomas. Because of this, the RAS/RAF/MEK/ERK pathway is
one of the most studied pathways in cancer biology for the reason
that this pathway’s upregulated signaling activity promotes cell
proliferation, metastasis, angiogenesis, and others (Degirmenci
et al., 2020; Guo et al., 2020). It has been shown that the MEK
inhibitor (MEKi) trametinib in combination with OHSVwas able to
completely eradicate tumors in a CT26 (KRAS-G12D) mouse
model. Also, treatment with MEKi promoted OHSV replication
in BRAF wt/KRAS mutated tumor cells in-vitro (Zhou et al., 2021).
In addition to this pathway, IC87114, a selective inhibitor targeting
phosphatidylinositol trihydroxyl kinase (PI3K), significantly
promoted viral delivery to tumors (Ferguson et al., 2020).

3.4.2 Liver Cancer
The Newcastle disease virus may be useful in the treatment of
hepatocellular carcinoma. Unfortunately, due to lactate
accumulation, STAT3 activation, IDO1 upregulation, and
increased MDSCs infiltration, the Newcastle disease virus
causes immunosuppression. The pyruvate dehydrogenase
kinase (PDK) inhibitor dichloroacetate (DCA), on the other
hand, improves T cell anti-tumor activity by reducing lactate-
mediated immunosuppression (Ohashi et al., 2013). This shows
that DCA and the Newcastle disease virus can be combined to
overcome individual shortfalls. A study report involving DCA
and Newcastle disease virus combination treatment against
hepatocellular carcinoma indicates that the PDK inhibitor
DCA significantly reduced lactate release, STAT3 activation,
IDO1 upregulation, and MDSC infiltration in Newcastle
disease virus-treated hepatocellular carcinoma. In addition, the
presence of DCA boosted Newcastle disease virus replication in
hepatocellular carcinoma, implying that DCA improved the anti-
tumor immune response to Newcastle disease virus, culminating
in the prolonged survival time of tumor-bearing mice (Meng
et al., 2020).

3.4.3 Pancreatic Cancer
The programmed death-1 (PD-1) receptor participates in a key
pathway of tumor immune escape. Targeted PD-1 immune
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 9
checkpoint treatment has been approved to treat patients with
certain types of malignancies (Tsuruta et al., 2022). In a recent
animal study, VSV-S therapy was shown to eliminate tumors in
some cases wholly, and it had even better efficacy when
combined with anti-PD-1 therapy (Tang et al., 2022).

Phosphatidylserine (PS)-targeted antibodies have shown
good efficacy in pancreatic cancer studies and can increase the
therapeutic effects of oncolytic viruses against tumors
(Digumarti et al., 2014; Chalasani et al., 2015; Freimark et al.,
2016). In a mouse PDAC model, elta-24-RGD promotes
PS receptor exposure in infected cells, allowing for the
application of both elta-24-RGD viral therapy and PS-targeted
antibodies in hepatic metastatic pancreatic cancer cells lines. PS-
targeting antibodies in combination with elta-24-RGD
demonstrated a stronger tumor effect than treatment alone
(Dai et al., 2017).

3.4.4 Gastric Cancer
Propranolol coupled with T1012G has a synergistic lethal effect
on human and mouse colorectal cancer cells, and also,
propranolol has a comparable effect on gastric cancer.
Propranolol was discovered to improve the anti-tumor efficacy
of viral T1012G in gastric cancer cells by modulating STAT3-
PKR-dependent anti-viral responses, which were maintained
with type I IFN application, and that b-adrenergic receptor
inhibition may provide optimal survival conditions for
oncolytic viruses by enhancing intracellular viral replication
(Hu et al., 2021b).

3.5 Oncolytic Virus Combined With
Physical Therapy
3.5.1 Liver Cancer
Radiofrequency ablation (RFA) is the most effective local
treatment for early-stage hepatocellular carcinoma. However, it
is prone to recurrence when treating medium-to-large tumors.
G47D, a triple-mutated third-generation oncolytic HSV-1, can
enhance RFA efficacy by inducing systemic and specific
immunity. The sequential use of G47D, RFA, and ICI can
further improve the anti-tumor effect (Yamada et al., 2020).
Radiofrequency ablation also has a facilitative effect on oncolytic
viral therapy. When high doses of T-VEC are injected
intratumorally under the guidance of ultrasound and optical
imaging techniques, radiofrequency ablation enhances the
therapeutic effect of the G47D oncolytic virus in a preclinical
TABLE 3 | Oncolytic viruses combined with targeted therapy.

Type of cancer Virus Virus name Targeted drug Route of virus administration Effect Reference

Colorectal cancer HSV CRV Cetuximab Intratumoral injection Synergistic antitumor effect (Wu et al., 2019)
T1012G Propranolol Intratumoral injection Synergistic antitumor effect (Hu et al., 2021a)
T3855 Trametinib Intratumoral injection Synergistic antitumor effect (Zhou et al., 2021)

VV VVL15 PI3K inhibition i.v. Synergistic antitumor effect (Ferguson et al., 2020)
Liver cancer NDV NDV DCA i.p./i.v. Synergistic antitumor effect (Meng et al., 2020)
Pancreatic cancer VSV VSV-S Anti-PD-1 antibody Intratumoral injection Synergistic antitumor effect (Tang et al., 2022)

AdV Delta-24-RGD PS targeted antibody Intratumoral injection Synergistic antitumor effect (Dai et al., 2017)
Gastric cancer HSV T1012G Propranolol Intratumoral injection Synergistic antitumor effect (Hu et al., 2021b)
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study. This dual application opens up a new path for treating
larger hepatocellular carcinomas locally, while local injection of
the virus reduces the viral therapy’s systemic toxicity (Song
et al., 2019).

3.5.2 Pancreatic Cancer
Nano blade is a novel tumor ablation technique with the
benefits of protecting blood vessels and avoiding heat sink
effects. Still, inhomogeneous electric field size is common due
to the non-standard distribution of electrode needles or the
large size of tumors, therefore, tumors are frequently not
wholly resected with nano blade (Kingham et al., 2012).
This disadvantage can be avoided by combining it with the
use of an oncolytic virus. In a recent study, researchers
discovered that combining nano blade and M1 virus
inhibited tumor proliferation and significantly prolonged
the survival time of in-situ immunologically active mouse
PC models. On the other hand, the nano blade improves the
efficiency of M1 tumor lysis because the extracellular matrix
physically limits M1 viruses and immune cells from the
vicinity of tumor cells, and the nano blade reduces this
impediment by inducing electroporation and T cell immune
activation. Thus, the two complement each other and improve
tumor treatment (Sun et al., 2021).

3.6 Other Combination Therapy With
Oncolytic Virus
In addition to the four combination therapy modalities
mentioned above, numerous combined treatment strategies
have shown promising efficacy in experimental and
clinical studies.

In pancreatic cancer, oncolytic viruses paired with
chemotherapy have shown promising results, and triple
therapy combined with radiotherapy has further boosted
therapeutic efficacy. Among multiple combinations of
treatment strategies, animals treated with triple combination
therapy had the best anti-tumor effect and survival, with one
animal experiencing total tumor remission. Although there was
no statistically significant difference between the triple
combination therapy group and the OAd-hamIFN +
radiotherapy group, the significant efficacy of OAd-hamIFN
combined with radiotherapy may lead to a reduction in
chemotherapy drug dosage. It could be a lifesaver for patients
who are unable to tolerate existing chemotherapy treatments
(Salzwedel et al., 2018). Through transgenic technology, some
success has been made in combating VSV resistance. VSV was
combined with ruxolitinib, polybrene, or DEAE-dextran as a
new triple therapy to promote VSV attachment and replication
and overcome VSV resistance (Felt et al., 2017).
4 CONCLUSIONS AND CHALLENGES

With the development of research on oncolytic virus therapy
against malignant tumors of the digestive system, the
application of oncolytic viruses in clinical treatment shows
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 10
remarkable potential. Combined with traditional therapies,
oncolytic viruses can have a better anti-tumor effect and
show many advantages. First, transgenic oncolytic viruses can
assist with the clinical diagnosis of cancers and the detection of
disseminated tumor cells. Second, an oncolytic virus and its
combination therapy can act on the tumor site more accurately
and with stronger specificity. Third, the combination of
oncolytic virus therapy and ablation technology improves the
limitations of tumor ablation. Fourth, the combination of
oncolytic viruses and existing chemotherapeutic drugs can
improve the curative effect and reduce the side effects of
tumor treatment. Lastly, the application of an oncolytic virus
provides a new way to treat unresectable tumors, especially
malignant tumors in the special anatomical position of
the pancreas.

However, the best route of administration of an oncolytic
virus needs to be further studied. At present, there are three
main methods: intratumoral injection, intravenous injection,
and intraperitoneal injection. Different methods have their
own advantages and disadvantages. The intratumoral
injection can avoid blood dilution and accurately reach the
tumor location, but the limited activation of the systemic
immune response weakens tumor cells scattered in other
locations. Intravenous injection can be widely used
throughout the body and is more convenient, particularly
for clinical management (Bommareddy et al., 2018), but its
wide range of action does not mean that it can act on target
organs, and the effect is greatly reduced (Ferguson et al.,
2012). Intraperitoneal injection for tumors in the digestive
system seems to achieve more ideal results due to its special
anatomical location (Kulu et al., 2009).

In addition, oncolytic viruses and their combination
therapies present certain risks. Because of the human anti-
viral response, fatigue, fever, chills, leukopenia, and
hypotension may occur at the time of oncolytic virotherapy
(Andtbacka et al., 2015; Ribas et al., 2016; Gao et al., 2021;
Zhang B. et al., 2021), and these adverse effects, although not
seriously detrimental to patient health, require the vigilance
of researchers and maybe more serious in frail patients.
However, oncolytic viral therapy has also caused such
serious adverse reactions as grade 3 autoimmune hepatitis,
grade 3 aseptic meningitis, and grade 4 pneumonia (Ribas
et al., 2017). The treatment strategy should be changed
promptly when adverse reactogens are identified. Moreover,
the sequential order of combination therapy may affect
the treatment efficacy (Wu et al., 2019), and investigators
can unfold more research on this aspect. Also, due to
the genetic variability of the virus and the imperfect
manufacturing and preparation processes, there may be
potential risks in the application, and many studies have not
yet entered clinical trials. Its clinical efficacy and safety need to
be further evaluated.

Therefore, to solve the above problems, we should further
explore the drug delivery route of the virus, select the most
effective and safe way, optimize the virus preparation process,
ensure the stability of the virus, speed up the experimental
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progress, conduct more extensive and in-depth research, and
bring good news to tumor patients as soon as possible.
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