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Abstract

Cancer has an increasing incidence worldwide in humans and animals. In addition to tra-

ditional treatments such as surgery, radiotherapy, and chemotherapy, there is a search for

new treatment strategies for cancer treatment. Oncolytic virotherapy arouses great interest

in human medicine with the development of biotechnology and increasing knowledge about

virus-cell interactions in recent years. Many in-vivo and in-vitro studies have led to the de-

velopment of a United States Food and Drug Administration (FDA)-approved, genetically

modified oncolytic viral therapy. Based on the studies in human medicine, some clinical trials

have also been carried out with oncolytic virotherapy in veterinary medicine. But the studies

in cats and dogs are very limited. This review aims to compare the development of oncolytic

virotherapy in human and veterinary medicine with current studies and to draw attention to

the fact that virotherapy can be used as a treatment option for various tumoral diseases in

veterinary medicine in the future.
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Introduction

Cancer, which is increasing globally, is one of the most
important causes of death in both humans and ani-
mals. Traditional treatment regimens include surgery,
radiotherapy, and chemotherapy. Today, new treat-
ment strategies are being developed in addition to con-
ventional treatments. These include immunotherapy,
hormone therapy, stem cell therapy, genetically mod-
ified lymphocytes, and virotherapy applications with
oncolytic viruses (Cao et al., 2020; Rahman and Mc-
Fadden, 2020).

Oncolytic viruses selectively replicate in tumor cells
without harming normal cells (Stojdl et al., 2000;
Adair et al., 2012). Furthermore, some cellular re-
sponses such as translation suppression and apoptosis
in healthy cells are restricted in tumor cells to limit
viral infections. In addition, tumor cells have several
defense mechanisms against recognition and destruc-
tion by the immune system. These factors cause many
viruses to form a tropism against tumor cells (Russell,
2002).

In this review, we shed light on the development
of oncolytic virotherapy to emphasize the prospective
use of oncolytic viruses in the treatment of cancers in
veterinary medicine in the future.

A brief history of oncolytic virotherapy

The idea that viruses can destroy tumors dates back to
1912 when Italian clinician N. De Pace first observed
regression of cervical carcinoma in a patient treated
with Pasteur therapy for a dog bite and thought that
rabies virus might cause oncolysis (Southam, 1960).
The first in-vitro investigation on viral oncolysis took
place in 1922 when Levaditi observed that the small-
pox vaccine virus (vaccinia virus) spread and some-
times inhibited various tumor types in mice and rats
(Levaditi and Nicolau, 1922). In 1950, the tick-borne
encephalitis virus, family Flaviviridae, formerly known
as Russian Spring-Summer encephalitis virus (RSS),
was inoculated into experimentally induced lymphoid
tumors in chickens, and it was reported that the virus
had a high oncolytic effect on tumor areas (Sharpless
et al., 1950).

In 1957, a study carried out by Koprowski and col-
leagues revealed that only some virus types were ef-
fective in malignant cells. However, it was observed
that tissues that survived the oncolytic effect of the
virus were more immune to the subsequent viral inoc-
ulation (Aptekman and Lewis, 1951; Koprowski et al.,
1957). In the 1960s, the oncolytic activities of many
viruses that caused various infections in animals but
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did not affect humans were investigated in experimen-
tal animals (Hammon et al., 1963; Pond and Manue-
lidis, 1964). Viruses reported having oncolytic activ-
ities include Newcastle disease virus (family Parmyx-
oviridae), influenza virus (family Orthomyxoviridae),
Vesicular Stomatitis virus (family Rhabdoviridae), and
Bovine Enterovirus (family Picornaviridae) (Linden-
mann, 1963; Cassel and Garrett, 1965; Lindenmann,
1970; Sedmak et al., 1972).

In a clinical study in 1952, the West Nile virus
was administered to thirty-four patients with advanced
neoplastic disease. Although no curative effect was ob-
tained in the study, the virus had a transient inhibitory
effect on tumor growth in nine patients (Southam and
Moore, 1952). In a case report in 1964, in which on-
colytic virotherapy was applied in humans, various an-
imal viruses including Sendai virus (family Paramyx-
oviridae), Newcastle disease virus, influenza strains,
Semliki forest (family Togaviridae) and Sindbis virus
(family Togaviridae)] were continuously administered
intravenously to a patient with leukemia at different
times, and 95% change was observed in blastic cells
(Wheelock and Dingle, 1964). In a similar study, the
effect of the avian influenza virus on myeloblast cells
in patients with leukemia was examined, and it was
reported that significant hematological improvements
were observed (Sauter et al., 1974). Asada and cowork-
ers published many cases covering the years 1907-
1928, in which they isolated the Mumps virus (fam-
ily Paramyxoviridae) from the saliva of patients with
epidemic parotitis and administered it to patients who
had different tumor types (Asada, 1974).

While the clinical studies continued, significant
progress in DNA technology was made in 1968, with
the discovery of making changes in the viral genome
by adding polynucleotides to the Tobacco mosaic virüs
(Rogers and Pfuderer, 1968). Meanwhile, increased
knowledge about virus-cell interactions has also shed
light on the mechanisms of the natural viral tropism
of some viruses to tumor cells (Alemany et al., 2000).
The regression of the tumor after oncolytic virother-
apy and the recurrence of the disease following clinical
improvements have led to various biotechnological in-
terventions for a more effective oncolysis to date (Kelly
and Russell, 2007).

Oncolytic viruses
Only a limited number of viruses are naturally on-
colytic. They selectively infect neoplastic cells and
have a potent cytopathic effect. However, many factors
such as high pathogenic potential, insufficient tropism
to tumor cells, sensitivity to neutralization by the host
immune system, and inability to develop a tumor-
targeted immune response limit the effectiveness of
natural oncolytic viruses (Pol et al., 2016).

The general mechanisms of oncolytic viruses are il-
lustrated in Figure 1. Zeng and colleagues have sum-
marized the mechanisms of oncolytic in the follow-
ing points: i) Due to defective or suppressed antivi-
ral innate immune mechanisms pathways (e.g., IFN
pathway) in cancer cells, oncolytic viruses can selec-
tively or preferentially replicate in cancer cells lead-

ing to oncolysis (Stojdl et al., 2000; Adair et al.,
2012; Zeng et al., 2021). ii) As a result of cell
lysis, tumor-associated antigens (TAAs), cell-derived
damage-associated molecular patterns (DAMPs), and
viral pathogen-associated molecular patterns (PAMPs)
are released, which can recruit dendritic cells (DCs)
and innate lymphoid cells (e.g., NK cells) for early
clearance of virus-infected cells (Shi et al., 2020).
iii) The release of TAAs, DAMPs, PAMPs, pro-
inflammatory cytokines, and chemokines by lysed tu-
mor cells and innate immune cells can promote anti-
gen presentation and antigen-specific adaptive immune
responses (Kanerva et al., 2013; Saha et al., 2016).
iv) Oncolytic viruses can promote the recruitment of
tumor-infiltrating lymphocytes into tumor sites, mak-
ing the immunosuppressive microenvironment “hot”
and suitable for other immunotherapies (Gujar et al.,
2018).

Studies on the use of natural oncolytic viruses in
cancer treatment began to decline in the 1970s due to
insufficient data to control viral pathogenicity. With
the development of modern genetic engineering and
a better understanding of the structure and functions
of viral genes, non-pathogenic, genetically engineered
viruses have led to the advancement of oncolytic virus
technology by making various changes in the viral
genome (Fukuhara et al., 2016). In addition, fac-
tors such as the limited oncolytic effect seen in stud-
ies, dose-related toxicities, inhibition of viral replica-
tion by many cellular factors such as interferon re-
lease from healthy cells or protein kinase activation
led these viruses to be reprogrammed to make them
more cancer-specific and safer (Balachandran and Bar-
ber, 2004; Cattaneo et al., 2008). Over time, together
with the biotechnological initiatives, many advances
were made to increase the oncolytic effect of viruses.
These can be listed as redesigning viral envelope or
capsid proteins to redirect the virus through the recep-
tors on the tumor cell surface, deactivating viral genes
that counteract cellular responses, or adding additional
structural genes to the viral genome that encode pro-
teins that increase the killing potential of uninfected
tumor cells (Russell, 2002).

Among the viruses used for oncolytic purposes,
Newcastle disease virus, Vesicular Stomatitis virus,
Parvovirus, Coxsackievirus, Reovirus, Sindbis virus,
Adenovirus, Vaccinia virus, Herpes Simplex virus can
be counted (Parato et al., 2005; Huang et al., 2012;
Atherton and Lichty, 2013; Goshima et al., 2014). In
1991, a mutated herpes simplex virus was inoculated
intraneoplastically to treat malignant brain tumors in
humans, and tumor growth inhibition was observed
(Martuza et al., 1991). However, many Herpesvirus
vectors were developed to examine their effects on tu-
mors (Varghese and Rabkin, 2002).

Some recently completed clinical phase studies for
oncolytic viruses are shown in Table 1. The developed
strain Pexa-Vec (pexastimogene devacirepvec, JX-594)
belongs to the oncolytic and immunotherapeutic vac-
cinia virus designed to destroy cancer cells by viral lysis
and granulocyte-macrophage colony-stimulating factor
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Figure 1: General mechanism of oncolytic viruses. Oncolytic viruses replicate in tumor cells leading to oncolysis, which
in turn lead to the release of tumor-associated (TAAs), cell-derived damage-associated molecular patterns (DAMPs),
and viral pathogen-associated molecular patterns (PAMPs) and recruiting of inflammatory cells.

(GM-CSF). Phase 1 and phase 2 studies were done in
patients with both intratumoral and intravenous ad-
ministration, alone or combined with other treatments
(Parato et al., 2012; Cripe et al., 2015). In patients
with malignant pleural mesothelioma, the replication-
restricted oncolytic herpes simplex virus HSV1716 was
administered intrapleurally, and the application was
well tolerated in phase 1 and phase 2 studies (Dan-
son et al., 2020).

Measles virus (MV-NIS) was used in phase 1 mul-
tiple myeloma treatment study in humans. It is se-
lectively oncolytic and targets tumor cells through
CD46, a membrane regulator of complement activa-
tion, which is known to be over expressed in many hu-
man malignancies (Dispenzieri et al., 2017). A phase
1 study was done by applying the improved aden-
ovirus NSC-CRAd-S-pk7 strain to people diagnosed
with malignant glioma in 2021. The study reported
that treatment-related deaths were not observed, and
the application was safe (Fares et al., 2021). Carci-
noembryonic antigen, a marker peptide for the Measles
virus, was developed to be expressed by the virus (MV
CEA virus) for real-time monitoring of viral gene ex-
pression in tumors in the clinical setting and was in-
oculated to patients with ovarian cancer as part of a
phase 1 study (Galanis et al., 2010).

In addition, MV-NIS recombinant created by
adding the sodium-iodine symporter gene to Measles

virus was administered intrapleurally to patients with
malignant pleural mesothelioma, and its long-term po-
tential therapeutic effects were observed (Peikert et al.,
2017). A phase 1 study evaluated the maximum tol-
erable dose of oncolytic adenovirus ICOVIR-5 in pa-
tients with malignant melanoma (Garćıa et al., 2019).
In humans with glioblastoma, oncolytic parvovirus H-1
(H-1PV) was administered within the scope of phase 1
and phase 2 studies and its cytotoxic and oncosuppres-
sive effects were observed (Geletneky et al., 2012). In
patients with malignant glioma, adenovirus DNX-2401
(Delta-24-RGD) was found to be a tumor-selective and
competent replication-capable oncolytic agent (Lang
et al., 2018).

Approved oncolytic viruses for cancer treat-
ment

In humans, four oncoviruses, namely, Rigvir (picor-
navirus), Oncorine (adenovirus), Imlygic (herpes sim-
plex virus, HSV-1), and DELYTACT (HSV-1), were
approved in 2004, 2005, 2015, and 2021, respectively
(Table 2).

Rigvir

Riga virus, inartificial Enteric Cytopathogenic Human
Orphan type 7 (ECHO-7) picornavirus, has been ap-
proved to treat melanoma in Latvia, Georgia, and Ar-
menia so far (Doniņa et al., 2015). Although it has
gained regulatory approval, few articles described its
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Table 1: Current clinical phase studies on oncolytic viruses.

Virus (Recombinant) Family Type of cancer Reference

Measles virus (MV-CEA virus) Paramyxoviridae Ovarian tumor Galanis et al. (2010)

Parvovirus (H-1PV) Parvoviridae Glioma Geletneky et al. (2012)

Vaccinia virus (JX-594) Poxviridae Solid tumors Cripe et al. (2015)

Herpes simplex virus (OncoVEXGM-

CSF)

Herpesviridae Malignant melanoma, gastrointestinal

cancers, cutaneous masses

Hu et al. (2006)

Adenovirus (ONCOS-102) Adenoviridae Solid tumors Ranki et al. (2016)

Herpes simplex virus (HSV1716) Herpesviridae Brain tumor Streby et al. (2017)

Measles virus (MV-NIS) Herpesviridae Malignant pleural mesothelioma Peikert et al. (2017)

Measles virus (Edmonston) Paramyxoviridae Multiple myeloma Dispenzieri et al. (2017)

Adenovirus (CG0070) Adenoviridae Bladder tumor Packiam et al. (2018)

Adenovirus (DNX-2401) Adenoviridae Malignant glioma Lang et al. (2018)

Vaccinia virus (GL-ONC1) Poxviridae Peritoneal carcinomatosis Lauer et al. (2018)

Adenovirus (ICOVIR-5) Adenoviridae Malignant melanoma Garćıa et al. (2019)

Adenovirus (Ad5-DS) Adenoviridae Pancreas tumor Lee et al. (2020)

Herpesvirus (HSV1716) Herpesviridae Malignant pleural mesothelioma Danson et al. (2020)

Adenovirus (NSC-CRAd-S-pk7) Adenoviridae Malignant glioma Fares et al. (2021)

biological characteristics and efficacy when used to
treat malignant tumors.

Oncocrine

Oncocrine, adenovirus serotype 5, is the first recombi-
nant developed oncovirus approved in China to treat
patients with head and neck cancer (Alberts et al.,
2016; Liang, 2018; Wei et al., 2018). Oncocrine is an at-
tenuated serotype 5 adenoviral vector with a deletion in
viral E1B-55k and four deletions in viral E3. Oncorine
plus chemotherapy-treated head and neck cancer pa-
tients (78.8%) have a significantly higher response rate
compared with chemotherapy-treated head and neck
cancer patients (39.6%) (Cao et al., 2020).

Talimogene laherparepvec (T-Vec)

Talimogene laherparepvec (T-Vec) or Imlygic was ap-
proved by the United States Food and Drug Adminis-
tration (FDA) in 2015 for the treatment of melanoma
(Andtbacka et al., 2015). T-Vec is a recombinant hu-
man HSV1 with deleted ICP34.5 (neurovirulence fac-
tor) and attenuated ICP47 (Immun-evasions proteins)
(Liu et al., 2003) that replicates almost exclusively in
tumor cells. In tumor cells, the function of the cellu-
lar proteins eIF2α and Beclin-1 are impaired; thus, the
ICP34.5 is not required to compensate for their antivi-
ral functions. In non-cancer cells, replication of T-Vec
is impaired by the absence of ICP34.5 (Aita et al., 1999;
Liang et al., 1999; Farassati et al., 2001; Mohr, 2005).

An additional genetic modification of T-Vec is
the insertion of the human granulocyte-macrophage
colony-stimulating factor (hGM-CSF) gene, which is
involved in the proliferation and differentiation of gran-
ulocyte and macrophage progenitor cells and is ap-
proved as a drug in the USA under the name Leukine®

(Kaufman et al., 2014). The combination of T-VEC
and PD-1 inhibitor pembrolizumab can have better ef-
ficacy and fewer side effects at the same time (Andt-
backa et al., 2015).

DELYTACT® (teserpaturev/G47∆)

The DELYTACT® (teserpaturev/G47∆) is a genet-
ically engineered oncolytic HSV-1 developed with
triple mutations within the viral genome (Deletion
of ICP34.5, ICP6, and α47 genes). The G47∆ (De-
lytact/Teserpaturev) has a strong induction of anti-
tumor immunity, and it has been shown to kill can-
cer stem cells derived from human glioblastoma effi-
ciently (Fukuhara et al., 2016). Moreover, in June
2021, G47∆ was approved to treat malignant gliomas
in Japan (Harrington et al., 2019; Sugawara et al.,
2021).

Oncolytic virotherapy in veterinary medicine

The traditional methods used for the treatment of
cancer in pet animals are mainly surgery, chemother-
apy, radiation, and hyperthermia. Advanced cancer
patients often have a poor prognosis. Many cancer
types seen in cats and dogs are similar to humans in
many aspects, such as histological appearance, bio-
logical behavior, genetic tumoral structure, risk fac-
tors, pathological mechanism, and treatment response
(Pinho et al., 2012). Although there are many ongoing
clinical phase studies of oncolytic viruses in humans,
clinical studies in cats and dogs are very limited (De-
missie and Abda, 2020) (Table 3).

In a study in 2005, the possibility of cross-species
replication of human adenovirus type 5 (Ad5) in canine
cells was explored. As a result of the study, the canine
models were suggested for preclinical analysis of recom-
binant adenovirus agents designed for human virother-
apy (Ternovoi et al., 2005). In 2002, with the demon-
stration that Measles virus Edmonston-B strain could
infect Myeloma cells in mice (Peng et al., 2001), an in-
vitro study was performed to investigate whether the
lymphoid tissue in dogs with lymphoma could cause
apoptosis by Measles virus and Distemper virus, which
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Table 2: Approved oncolytic viruses in humans.

Oncovirus Virus References

Rigvir
- Enteric Cytopathogenic Human Orphan type 7 (ECHO-7) picornavirus

Alberts et al. (2016)
- Approved in Latvia, Georgia, and Armenia for treatment of melanoma

Oncorine

- Adenovirus serotype 5
Wei et al. (2018)

- Deleted for viral E1B-55K and with four deletions in viral E3)

- Approved in China for treatment of head and neck cancer

Imlygic
- HSV-1 (deletion of ICP34.5 and ICP47; encoding two copies of human GMCSF)

Raman et al. (2019)
- Approved in the United States and Europe for treatment Metastatic melanoma

DELYTACT
- HSV-1 (Triple mutation (Deletion of ICP34.5, ICP6, and α47 genes))

Sugawara et al. (2021)
- Approved in Japan for treatment of malignant glioma or any primary brain cancer

Table 3: Clinical studies on oncolytic virotherapy in cats and dogs.

Virus (Recombinant) Family Disease Animal Reference

Canarypoxvirus (ALVAC)
Poxviridae Fibrosarcoma Cats Jourdier et al. (2003)

Vaccinia virus (NYVAC)

Adenovirus (AdCD40L) Adenoviridae Malignant melanoma Dogs Westberg et al. (2013)

Newcastle disease virus (Lasota) Paramyxoviridae Cutaneous lymphoma Dogs Sanchez. et al. (2014)

Vesicular stomatitis virus
Rhabdoviridae

Anal adenosarcoma,
Dogs Naik et al. (2018)

(VSV-IFNb-NIS) multiple myeloma lymphoma

Myxoma virus (MYXV∆serp2) Poxviridae Soft tissue sarcoma Dogs MacNeill et al. (2018)

Herpes simplex virus (M032) Herpesviridae Glioma Dogs Chambers et al. (2021)

Herpes simplex virus (M032) Herpesviridae Glioma Dogs Omar et al. (2021)

belong to the same family (Suter et al., 2005).
Canarypoxvirus (ALVAC) and vaccinia virus (NY-

VAC) recombinants were administered intratumorally
in cats with fibrosarcoma, and it was demonstrated a
decrease in tumor recurrence rates from 61% in con-
trol animals to 39 and 28% in domestic cats receiving
NYVAC or ALVAC, respectively, in addition to con-
ventional therapy (Jourdier et al., 2003). Due to the
limited in-vivo replication of human adenoviruses in
animals, conditional replicative adenoviruses (CRAds)
targeting osteosarcoma cells in dogs were developed
and administered to healthy dogs and no toxicity was
reported (Smith et al., 2006). To evaluate the effi-
cacy of the oncolytic vaccinia virus strain GLV-1h68
as a therapeutic agent for treating mammary tumors
in dogs, when administered to mice, the tumor size
was significantly reduced with tumor growth restric-
tion (Gentschev et al., 2009). In dogs, the effects of
the oncolytic vaccinia virus GLV-1h109 strain on soft
tissue sarcomas and prostate carcinomas were studied
in-vitro (Patil et al., 2012).

The activities of reoviruses in mast cell tumors in
dogs were investigated in-vitro; these viruses may have
significant therapeutic potential in oncolytic virother-
apy in the future (Hwang et al., 2013). Different Vac-
cina virus recombinants such as STSA-1 for soft tissue
sarcoma, CHAS for melanoma, D-17 for osteosarcoma,
and DT08/40 for prostate carcinoma developed against
many types of cancer in dogs (Gentschev et al., 2013).
While in-vitro studies on oncolytic viruses in cats and

dogs continue, clinical studies on the oncolytic effect of
viruses in dogs started in 2013. adenovirus AdCD40L
was administered intratumorally to dogs with malig-
nant melanoma, and the application was safe and ef-
fective with mild side effects after treatment (Westberg
et al., 2013).

The Lasota strain of the Newcastle disease virus
was administered intravenously and intratumorally to
dogs with cutaneous lymphoma. Although new le-
sions were not observed in four-week follow-up, com-
plete flattening and a decrease in the diameter of all
lesions were observed (Sanchez. et al., 2014). Cy-
topathic effects of Semliki Forest virus strain VA7-
EGFP on osteosarcoma cells in Beagle dogs were re-
ported. In addition, a single dose of intravenous vi-
ral strain infusion was administered to two female
dogs, and no side effects were reported (Autio et al.,
2015). In another similar study, healthy Beagle dogs
were safely injected with vaccinia virus TG6002 intra-
venously (Béguin et al., 2021).

A comprehensive study evaluating the intravenous
administration of oncolytic virotherapy in animals was
done in 2018. Accordingly, it was emphasized that
both the application was safe after intravenous admin-
istration of the vesicular stomatitis virus VSV-IFNb-
NIS to dogs diagnosed with anal adenosarcoma, mul-
tiple myeloma, and lymphoma lesions regressed (Naik
et al., 2018). Similarly, the developed Myxoma virus
strain MYXV∆serp2 was found safe after intratumor
administration in dogs with soft tissue sarcoma (Mac-
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Figure 2: Ideal oncolytic viruses for veterinary use (Patil et al., 2012).

Neill et al., 2018). More recently, an oncolytic herpes
simplex virus M032 was administered intratumorally
in dogs with glioma, and 83% tumor-specific immune
responses were observed, including interferon signaling,
lymphoid and myeloid cell activation, and T and B cell
activation (Chambers et al., 2021). In another recent
study in 2021, herpes simplex virus strain M032 was
inoculated intracranially to dogs with glioma, and the
application did not have any harmful effects, and the
oncolytic virotherapy with surgery could prolong the
survival time (Omar et al., 2021).

Challenges and opportunities of oncolytic
viruses in animals

The properties of the ideal oncolytic virus for canines
are summarized by Patil and colleagues in 2012 (Fig-
ure 2). Although several oncolytic viruses provided
promising results in preclinical trials, it is unlikely that
the viruses will possess all the criteria of an ‘ideal’ on-
colytic agent. Despite promising results of some on-
colytic viruses, several limitations hinder the efficacy
of oncolytic virotherapy. The delivery challenges and
the upregulation of checkpoints following oncolytic vi-
rotherapy also mediate resistance to oncolytic viruses
by diminishing immune responses.

Additionally, the localization of receptors of viruses
in the tight junctions, interferon responses, and the
aberrant expression of genes involved in the cell cycle of

the virus, including their infection and replication, re-
duce the efficacy of oncolytic viruses (Blackham et al.,
2014; Goradel et al., 2022). Factors such as viruses
having to cross the endothelial barrier to reach the tar-
get cells, abnormal lymphatic networks and vascular
hyperpermeability in tumors, interstitial hypertension
caused by the dense extracellular matrix of solid tu-
mors, weaken viral infiltration. In addition, oncolytic
viruses induce a strong immune response because of the
interaction between themselves and antigen presenting
cells (Zheng et al., 2019). The heterogeneity of the tu-
mor population due to the high mutation potential and
rapid proliferation of cancer cells contributes to poor
virion uptake and poor viral spread during virotherapy
administration (Hong and Yun, 2019).

To minimize these limitations, many challenges and
solutions such as production of formulations based on
cationic liposomes capable of encapsulating the virus
to avoid antibodies, modifying host range, improv-
ing the therapeutic effect of other oncolytic viruses
with polymer-based delivery system, enhancing viral
replication and gene transfer, enhancing tumor-specific
accumulations have been proposed (Davis and Fang,
2005; Hong and Yun, 2019).

Patil et al. (2012) reported that some vaccinia virus
and adenovirus strains possess several criteria of an
ideal oncovirus and show the most promising results in
preclinical studies. Many of the treatment options used
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in veterinary medicine resemble protocols used to treat
human cancer patients. Combining of recombinant on-
colytic viruses with conventional anti-cancer therapies
like chemotherapy and radiotherapy might be a promis-
ing strategy to improve the efficacy of viral oncolysis.
Some in-vitro and in-vivo, either preclinical or clinical
trials have indicated that combining oncolytic viruses
with radiotherapy might yield extra or synergistic anti-
tumor effects (Wennier et al., 2012; Touchefeu et al.,
2011). Radiotherapy enhanced the replication and on-
colysis within irradiated tumors. For instance, combin-
ing oncolytic virotherapy with chemotherapy has had
synergistic effects in dogs (Patil et al., 2012).

Conclusions

Oncolytic virotherapy has attracted attention in both
human and veterinary medicine as a new treatment
strategy for many types of cancer in recent years. Vari-
ous recombinant virus strains have been developed, and
their efficacy has been observed for many years with
many preclinical and clinical studies. With studies in
human medicine, oncolytic virotherapy drugs were de-
veloped, and their safety and therapeutic effect were
approved by the FDA, e.g., Imlygic®. In addition,
many ongoing studies have pointed out new oncolytic
agents such as Reolysin® for human cancers. How-
ever, most studies with oncolytic virotherapy in veteri-
nary medicine are at the preclinical stages.

There are no studies of clinical evaluation of the ef-
ficacy of oncolytic virotherapy against cancer in horses,
livestock, and poultry. The limited in-vivo clinical
studies in cats and dogs primarily aimed at evaluat-
ing the safety of virotherapy applications. Considering
the recent biotechnological developments, oncolytic vi-
rotherapy is extremely promising against various types
of cancer. Therefore, we believe that oncolytic vi-
rotherapy can be used as an effective treatment strat-
egy in the future against many cancer types with poor
prognosis in cats and dogs. However, more clinical
studies are needed to evaluate treatment efficacy in
veterinary medicine.
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2012. Canine tumors: A spontaneous animal model of hu-

man carcinogenesis. Translational Research 159, 165–172.

10.1016/j.trsl.2011.11.005.

Pol, J., Kroemer, G., Galluzzi, L., 2016. First oncolytic virus

approved for melanoma immunotherapy. Oncoimmunology 5,

e1115641. 10.1080/2162402X.2015.1115641.

Pond, A.R., Manuelidis, E.E., 1964. Oncolytic effect of Po-

liomyelitis virus on human epidermoid carcinoma (Hela tu-

mor) heterologously transplanted to guinea pigs. The Amer-

ican Journal of Pathology 45, 233–249. URL: https://www.

ncbi.nlm.nih.gov/pubmed/14202523.

Rahman, M.M., McFadden, G., 2020. Oncolytic virother-

apy with Myxoma virus. Journal of Clinical Medicine 9.

10.3390/jcm9010171.

Raman, S.S., Hecht, J.R., Chan, E., 2019. Talimogene laher-

parepvec: Review of its mechanism of action and clinical ef-

ficacy and safety. Immunotherapy 11, 705–723. 10.2217/

imt-2019-0033.

Ranki, T., Pesonen, S., Hemminki, A., Partanen, K., Kairemo,

K., Alanko, T., Lundin, J., Linder, N., Turkki, R., Ristimäki,
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