
Introduction
	 Improvised therapeutic strategies for cancer are highly desired. 
Other than genetic alterations, there are several different causes of 
this illness like physical carcinogens that include excessive exposure 
to the ultraviolet rays, radiation, chemical carcinogens that include 
aflatoxins, asbestos, tobacco and biological carcinogens like parasites 
and bacterias [1].
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	 Some other reasons that contribute to the death by cancer are; can-
cer causing viruses like epstein barr virus that are also known to cause 
burkitt’s lymphoma and cervical cancer caused as a result of human 
papillomavirus.

	 Although chemotherapy and radiotherapy are directed towards the 
prevention and cure, they have a low impact comparatively due to 
their low therapeutic index and numerous side effects. Thereby, call-
ing for a high necessity for greater efficacious modalities.

What are oncolytic viruses?

	 Viruses that are known to have the potential to eliminate cancer 
cells are known as oncolytic viruses. Viruses attain this via a selective 
replication mechanism and do not impose any threat to normal cells 
due to the increased sensitivity towards innate anti-viral signals. A 
distinct set of activities can be manipulated due to their mechanism 
of action, which is very similar to the viruses at the biological level 
from which they are acquired [2]. These oncolytic viruses control the 
cancerous cellular death at a molecular level.

A typical oncolytic virus

	 Viruses can infect the functioning cells as well as the malignant 
cells, thus safety of an oncolytic viral-therapy is a major concern. 
Improvising it further is extremely challenging. Potential oncolytic 
viruses are tested and compared with ideal oncolytic viruses to con-
firm its use. Some characteristics that are ideal to oncolytic viruses 
include the potential to only replicate in tumor cells rapidly but not in 
normal cells. A potential oncolytic virus should also be stable genet-
ically so as to reduce the ability of any mutations with other viruses. 
Another attribute of a typical oncolytic virus would be the ability to 
be inactivated with antiviral drugs or pathways. An oncolytic virus 
should also be commercially obtainable. These features are necessary 
and should be fulfilled by a potential oncolytic virus. An example 
of quintessential oncolytic viruses is adenovirus and herpes simplex 
virus, as they both possess high specificity and replication rate in the 
tumor cells. Apart from these characteristics, they have the capability 
of discontinuing their anti-viral therapy of self-limiting and treatment 
with acyclovir respectively [3].

General mechanism of action

	 Few oncolytic viruses are engineered to manipulate frequently 
occurring tumor-specific mutations, some are modified for targeting 
signaling pathways and transcriptional mechanisms that are active in 
tumors and some are also aimed towards antigens that are overex-
pressed or unique to tumor cells.

	 Cancer cells destruction takes place via several distinct mecha-
nisms inclusive of virus mediated cytotoxicity through their cytotoxic 
immune effector, by lysing the cell directly, toxic protein expression, 
protein synthesis inhibition, induction of antitumoral immunity as 
well as cell receptor targeting, apoptosis and virus replication [4,5].

	 Viruses, after a deeper understanding of the pathways has 
shown improvements in the treatment of many human diseases, and 
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	 Cell death by oncolytic viruses occurs through direct or indirect 
mechanisms such as amplification of anti-cancer immune response, 
tumor blood vessels destruction or through transgene-encoded pro-
teins manifested from modified viruses. Despite the different mode of 
action, the ultimate function of the oncolytic viruses is to disrupt the 
cancer cells’ transcriptional or translational mechanism and cause 
apoptosis without causing harm to normal healthy cells.

	 Oncolytic viruses are versatile and work via several different 
mechanisms depending on their clinical indication as well as their 
platform. With a closer understanding between the host and virus 
communication, a tailored therapeutic strategy could be developed.

	 Oncolytic viruses have been given consent for a limited number 
of cases because of the varied testing stages. The very first oncoytic 
viral therapy came in use for the treatment of upper nasal cancers in 
China in the year 2006, in combination with conventional therapies 
like chemotherapy, after which there has been an extensive amount 
of research on.

	 This dissertation concentrates on the interferences oncolytic vi-
rotherapy encounter and the current advancements taking place to 
overcome them, specifically in emphasizing Adenoviruses.
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oncolytic viral therapy has shown improvements towards different 
varieties of cancers, hence it is a novel approach for treating cancer.

Oncolytic Virus Immunotherapy
	 A vaccination against viruses has been an essential discovery, and 
viral pathogenicity has been the major driver in this evolution. Acti-
vation and re-directing innate and adaptive immune response function 
is a main objective of oncolytic virus mediated immunotherapy. There 
often is an involvement of the interactions between the immune cells 
and signaling factors such as chemokines, in viral infections as they 
are important for successful immunotherapies.

	 The figure 1 below represents the effects of oncolytic viruses on 
tumor cells. In phase 1, the oncolytic viruses delivered systemically 
disrupts the tumor cells by infecting it. Phase 2, represents recruit-
ment of dendritic cells by inflammation. Thereby inducing an adap-
tive immune response, which then targets tumors via TAA.

1st phase: Intramural or systemically delivery of oncolytic viruses 
causes infection in the tumor cells, which can be obstructed by the 
antibodies, humoraldefence pathway. Post infection, oncolytic virus-
es undergo replication, blocked by the innate response (IFNα/β, to 
destroy the cells via ICD as well as diffuse throughout the tumor (can 
be obstructed by macrophages or NK cells which posses the anti tu-
mor activities). There is a presence of an expression of a transgene 
product, immunomodulatory transgene, which enhances the antitu-
mor response once an armed oncolytic virus is used.

2nd Phase: there is a recruitment of dendritic cells to the site of tumor 
by inflammation and ICD. There is a take up of TAA’s by these cells, 
which then targets the tumor, which can in turn be blocked by Tregs 
and MDSC’s.

	 The imune system initially, by the oncolytic viral therapy was seen 
as a negative factor due to an inflammatory response that leads to 
an antiviral immunity. Some studies performed displayed that human 
xenograft tumor models in the mice lacked adaptive immune respons-
es (SCID mice) due to some viruses that replicated well in human 
cells comparatively. A syngeneic tumor model in immunocompetent 
mice showed the complexity of the immune system as well as prov-
ing the efficacy of antitumor immunity. Particularly, distinct oncolytic 
viruses induce adaptive anti-tumor responses (CD8+ T cell-mediated),  

which are long term. Additionally, adaptive anti-viral immunity en-
hanced the antiviral immunity for herpes simplex virus but not for 
vesicular stomatitis virus [6].

	 A deeper understanding of chemotherapy and radiation therapy for 
the treatment of cancer shows a classification of cell death via apopto-
sis. This lead to a new concept of apoptosis being classified into, ICD, 
an abbreviation for ‘Immunogenic cell death’ and NICD, abbreviated 
for ‘Non Immunogenic cell death’.

	 The immunogenic cell death, which is promoted by tumors of the 
oncolytic viral infection, makes oncolytic viruses a potent inducer of 
antitumoral immunity.

	 Together with some different types of cell death like immunogenic 
apoptosis and necrosis that are caused by oncolytic viruses, released 
a characteristic danger associated molecular pattern or DAMP’s like 
calreticulin, High Mobility Group Protein B1 (HMGB1) as well as a 
release of Tumor Associated Antigen (TAA) had been observed [7].

	 Pyroptosis, is also responsible for the danger signal release known 
as DAMP’s, which is a favorably inflammatory type of an organized 
cell death. Unlike a non-immunogenic and non-inflammatory cell 
death by apoptosis, this is commonly activated via pathogens.

	 Some studies show that apoptosis could be an immunogenic cell 
death [8]. At the initial stages of immunogenic apoptosis, the calre-
ticulin, that is exposed on the surface before apoptosis takes place, 
which dictates the immunogenicity of the cancerous cell death. An 
important protein known as ERP57 maintains this exposure of the 
calreticulin [9].

	 Endoplasmic reticulum stress has the ability to maintain the dan-
ger mechanism. This occurs in response to Immunogenic cell death 
promotion, by activating the endoplasmic reticulum stress. Another 
method of self destruction followed by some cells called autophagy, 
possesses the ability to promote danger signals thereby also promot-
ing the antitumor immune response after which there is a release of 
DAMP’s and HMGB1 from the gradually ceasing cancer cells [10].

	 Stromal cells along with tumor cells exhibit varied proteins that 
play a role as antigens or mutated proteins or as TAA (Tumor Associ-
ated Antigens). These tumor-selective over-expressed proteins (TAA), 
target active immunization. Interactions between cells of the stroma, 
cancer and immune cells in the tumor microenvironment dominate its 
properties. Hence the microenvironment of the tumor can be changed 
to cause activation of the anti tumor immunity in a treatment. Thus a 
number of immuno therapeutic mechanisms are directed towards the 
disruption of immune regulation and at the same time are necessary 
for the maintenance of tumor tolerance [11].

	 The interaction between TAA expression and oncolytic virus de-
pendent cell death, enhances T-cell migration in the tumor cells in 
comparison to an oncolytic virus infected tumor cells that express for 
TAA. This mechanism can be integrated to an adenovirus that has a 
limited replication ability that expresses for TAA with an oncolytic 
vaccinia virus that exhibits for the same TAA which shows that the 
secondary response is dominant over the primary anti oncolytic viral 
response [12].

	 A drug known as cyclophosphamide helps to increase oncolytic 
viral replication and also interferes with the innate immune cell as 

Figure 1: Showing oncolytic virus mediated effects in tumor cells.
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it is used to suppress cancerous growth by attaching to one of the 
cancer cells DNA strands [13]. Identification of immunosuppressive 
mechanisms that can weaken the innate cells from obstructing viral 
replication and its advancement and at the same time enabling the 
inflammation towards anti tumor immunity is still under research as it 
is challenging. A potential aspect could be by incorporating oncolytic 
viruses with conventional therapies like chemotherapy, which may 
promote immunogenic cell death and enhance tumor cell antigenic-
ity [14]. Therefore, an extensive research in the area of virotherapy 
demonstrates its efficacy against anti cancer mechanism in tumor 
cells with the help of oncolytic viruses.

Tumor Selectivity Mechanism
	 The oncolytic viruses mediate destroying uninfected cancer cells. 
Production and replication is increased due to the evolvement of vi-
ruses and their ability to utilize molecular factors in an infected cell. 
Viruses and cancer cells work towards attaining similar outcomes, of 
DNA replication. They achieve this via interference with the signal 
transduction pathways, which promotes G1-S continuance [15].

	 The pathways for the control of pathogenic viral particles de-
tection and deamination are activated viathe local Interferon (IFN) 
discharge or Toll Like Receptors (TLR) that are intracellularrecep-
tors that possess an affinity for intracellular pattern and cell surface 
and are activated once they recognize a repeated sequence known as 
PAMP’s (Pathogen Associated Molecular Patterns) which involve vi-
ral capsids, DNA, RNA and viral proteins. These sequences are most 
frequently found on pathogenic bacteria’s as well as viruses.

	 TNF Receptor Associated Factor 3 (TRAF3), Retinoic acid In-
ducible Gene 1 (RIG-1), (IFN) Interferon Regulated Factor 3 (IRF3) 
and IRF7 are associated with the oncolytic virus demolition. JAK-
STAT, which is a Janus Kinase Signal-Transducer and Activator of 
Transcription, is responsible for the anti-viral mechanism amongst 
impaired cells. This mechanism supports IFN (Iterferon) discharge 
that activates a Protein Kinase (PKR). A defect in the IFN pathway, 
which regulates cellular functions, leads to cancer. IFN are cytokines 
that activate gene transcription and have products that are antiviral 
or anti-proliferative [16]. A type 1 cytokine IFNβ, is produced due to 
viral infection, as first line of defense to protect normal neighboring 
cells [17].

Oncolytic viruses are classified into

	 Non-pathogenic, naturally replication competent viruses specifi-
cally in cancer cells like Newcastle Disease Virus (NVD- Paramyxo-
virus), Seneca Valley Virus (SVV- Picornavirus), autonomous Par-
voviruses, Reovirus and Myxoma Virus (MYXV- Poxvirus) [18]. The 
above mentioned viruses work by targeting cancer cells by utilizing 
the occurring cell aberrations like the surface attachment receptors, 
disrupted Interferon pathway, activated Akt and Ras. The IFN-PKR 
(Protein Kinase) pathway is an inherent anti viral defense pathway 
and thus the IFN developed by the infected cells cause an upregula-
tion in PKR. PKR phosphorylates, thus causing phosphorylation of 
an eIF-2 subunit, eIF2B, which is a guanine nucleotide exchange fac-
tor and is essential for the exchange of GDP for GTP, thus disabling 
tRNA transfer through eIF-2 to 40S subunit, inhibiting viral protein 
synthesis.

	 The alteration in the signal mechanism fosters favorable micro-
environment specific to oncolytic viruses to replicate effectively in 

endothelial cells or cancer cells, leading tooncolysis of the aberrant 
cells [19].

	 As there is a continuous improvement directed towards oncolytic 
viruses, there are some emerging novel viruses that demand explo-
ration. In vitro testing and Xenograft SCID mice, the SIN (Sindbis) 
receptors are highly expressed on tumor cells and bind to SIN upreg-
ulating the progress of different tumor cell lines [20]. Positive results 
have been observed in cervical as well as ovarian cancers whereas 
the healthy cells had no observed results. An RNA virus known as 
Semliki Forest Virus (SFV), favors oncolytic viral agents, as they are 
consistent in the blood and increase the transgene expression. Once 
injected, they were not found to have an immune response. These are 
types of togaviruses, which are also found to play a role in oncolyt-
ic therapy due to their high replication rate. Although these viruses 
possess distinctive properties when differentiated against molecular 
drugs, they have the ability to proliferate as well as transport antitu-
moral therapeutic genes. The human body, however, overcomes this 
and obstructs this mechanism towards attaining the oncolytic viral 
therapeutic efficacy (Figure 2) [21].

	 Some viruses used in therapy have the capability of being used as 
vaccine vectors as they can be genetically modified, these viruses in-
clude, Poliovirus (PV- Picornavirus), Measles Virus (MV- paramyxo-
virus) as well as Vaccinia Virus (VV- Poxvirus). Oncolytic viruses 
that have been genetically modified with transmutations or gene de-
letions necessary for cell multiplication in the healthy and not in can-
cerous cells include, Adenovirus (Ad), Herpes Simplex Virus (HSV), 
Vaccinia Virus and Vesicular Stomatitis Virus (VSV- Rhabdovirus). 
For example, thymidine kinase is required for the metabolism of nu-
cleic acid, a deletion of a gene encoding this enzyme results in viruses 
like HSV and VV to be dependentupon the expression of thymidine, 
which thereby is increased in the case of cancer cells and is absent in 
normal healthy cells. Vaccinia virus causes the production of Vaccinia 
Growth Factor (VGF) which causes activation of Epidermal Growth 
Factor Receptor (EGFR), thus causing a microenvironment for repli-
cation.

	 Herpes simplex virus protein ICP34.5 dephosphorylates eIF-2 via 
the interaction with cellular phosphatase 1 resulting in protein syn-
thesis. Selective replication is the cause of a gene deletion of ICP34.5 
(RL1) in defective IFN PKR pathway. This mechanism is also seen in 
the deleted influenza virus NS1 mutant [22].

Figure 2: Tumor selectivity mechanism of oncolytic viruses [5].
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	 Figure 3, (healthy Cells) represents post-viral infection, most 
normal healthy cells cause an activation of an antiviral mechanism, 
whereas, B represents cancer cells down-regulate key signaling com-
ponents within the innate signaling pathway [4].

Using Ov for Treatment
	 Viral tropism is the ability of viruses to display specificity towards 
tissue, species or cell types. Cytokines like IFN’s and TNF (Tumor 
Necrosis Factors) are essential for controlling the viral tropism.

	 Poxvirus has the ability to effectively evade the immune system 
attack and travel to the site of the tumor systematically. Vaccinia Virus 
(VV) destroys the localized tissue and is the most recurrently used 
poxvirus for targeting cancer as it has a short-life and has an advan-
tage of no genomic amalgamation [23]. There is a deletion of genes 
that code for Thymidine Kinase (TK) as well as Vaccinia Growth-Fac-
tor (VGF), increasing VV’s sensitivity towards tumor-selection. Thus 
causing an overexpression of E2F. Vaccinia Virus undergoes several 
mechanisms resulting in apoptosis for the destruction of cancer cells, 
for instance, administration of JX-594, a Poxvirus strain with a gene 
deletion of thymidine kinase, is a replicative competent vector that 
shows oncolysis of tumors and metastases.

	 There has been a presence of infected organs, which suggests the 
need to optimize the vaccinia vectors, even though the replicative 
competent vectors elevate the survival susceptibility of immuno-com-
petent and immuno-deficient mouse models affected by various tu-
mors [24]. Rapamycin, an immuno-suppressant, proved its compe-
tence when it was used in collaboration. Another type of poxvirus is 
Myxoma Virus (MYXV), that was found to be efficacious towards 
human glioma cancer cells, and is not known to be a cause of any 
diseases affecting humans thus proving its use as an oncolytic thera-
peutic [25,26]. Myxoma virus, earlier thought to be a rabbit specific 
possesses the ability to actively replicate in different types of human 
tumor cells. Another type of a species specific oncolytic virus is bo-
vine herpesvirus type 1, which has the ability to infect and kill varied 
immortalized and modified human cell types but at the same time, 
does not successfully promote cytopathic effects in the normal human 
cells [27].

 

	 The earliest genetically modified Oncolytic virus was the HSV-
1 (Herpes Simplex Virus-1) in 1991, in which includes a thymidine 
kinase UL23 gene deletion due to its ability of being replication selec-
tive.

	 The absence of this gene causes a loss in the ability of cell division 
in the normal cells. Due to this reason, there is a deletion of neurovir-
ulence gene, γ34.5 for its therapeutic use in nearly all HSV vectors, in 
turn, restricting the replicative potential in the CNS and formation of 
latency [28].

	 It was proved that γ34.5 deletion declined the replicative potential 
by the deletion of HSV in multiple genes so as to evade the wild type 
generation.

	 One of the earliest genetically modified oncolytic virus, polyoma-
virus, consists of ds-DNA viruses with a circular genome and was 
originated was SV-40 (Simian Vacuolating Virus) as well as mouse 
polyomavirus.

	 The mouse polyomavirus induces several distinct tumors once 
it has been inoculated into a pup. An in depth knowledge of SV-40 
and mouse polyomavirus has contributed by providing us a model 
for understanding DNA replication and other essential pathways tak-
ing place in a eukaryotic cell. It was found that SV-40 enhances the 
formation of tumors this was shown by an enhanced formation of 
sarcoma after it was subcutaneously injected into pups [29].

	 Cordelier et al., in 2007 demonstrated that there was an existence 
of tumor specificity in vitro along with an inhibition in a mouse mod-
el affected with pancreatic cancer growth. This inhibition was per-
formed with promoters specific for the tumor.

	 The capability of a recombinant polyomavirus of avoiding the im-
mune recognition makes them advantageous vectors.

	 Through gene deletion, which is essential for replication in non 
carcinogenic cells, the modified viruses can be utilized to target can-
cer cells. The oncolytic viruses can target specific tumor cells once the 
promoters and regulators are placed into the viruses from the tumor 
genes. This is a direct treatment, which is conducted with the help of 
oncolytic viruses by either with or without conventional methods.

	 In an indirect treatment, immunity is caused in anti-tumor cells 
with the help of oncolytic viruses by the destruction of cancer cells.

	 HMGB1 (High Mobility Group Box 1), acts as a DNA chaperone 
internally and acts with growth factors externally and is overexpressed 
in human cancer. It has been proved that HMGB1 functions as an on-
cogene, thus contributing to the pathogenesis of several cancers and 
can also play a role in the progression of certain carcinomas, due to its 
potential of being an independent prognostic indicator [30,31]. There 
is cell death and survival promotion by HMGB1, which is released by 
the tumors in the process of oncolytic viral treatment.

	 Adenoviruses have the capability of causing the symptoms of the 
disease that are isolated from tissues experiencing regression at the 
adenoid.

	 Lysis of an infected cell occurs once the adenovirus enters and 
binds to Coxsackievirus and Adenovirus Receptor (CAR), a cell ad-
hesion particle. This binding via clathrin coated pits causes an inter-
nalization of the virus [32].

Figure 3: Oncolytic viruses exploit cancer immune evasion pathways [4].
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	 Engineering of the selective replication mechanism of Oncolytic 
Adenoviruses (Ads) via the deletion of the E1A, E1B 19K or E1B 
55K gene, to create tumor-specific viruses, causes the products of 
these genes to aid the host cells to enter into S phase. Deletion of EIA 
blocks the G1 to S-phase by rendering the virus responsive to anti 
viral pathways of RB (Retinoblastoma) protein.

	 An Adenovirus with E1B 55K gene deletion was first approved by 
the Chinese Government in 2005, which often is used in clinical and 
experimental gene therapy, to be used together with radiation for the 
head and neck cancer treatment [33].

	 E1B deletion enables apoptosis of the damaged cells, terminating 
cellular division and virus proliferation, originated by p53. Only cells 
lacking in Rp and p53 undergo division of adenoviral E1-deletion 
mutants, by which nearly all gliomas become targets of for the pro-
cess of oncolysis [34].

	 Viruses like adenovirus, Vaccinia Virus (VV) and Herpes Simplex 
Virus (HSV) that are genetically modified have been in use extensive-
ly as an anti-tumoral agent. Intra-tumoral replication selectively may 
cause enhanced efficacy due to its sustainability of the treatment in 
the presence of viral replication, lysis of affected tumor and the de-
velopment of neighboring cells. reduced oncolytic potency could be 
achieved by deletion of genes, which also result in tumor selectivity.

	 In a study conducted, Onyx-15, a dl1520 Oncolytic Ad2/Ad5 hy-
brid was found to infect as well as induce apoptosis [35]. In this mod-
ified virus, there is a deletion of E1B 55K as well as E3B genes, which 
are proteins, essential for the inhibition of p53, protein synthesis of 
the host cells as well as transportation of viral mRNA. In 2009 it was 
found by Thomas et al., that Onyx-015, known as H101 in China, 
was not as efficient in causing lysis of the cells that are damaged in 
the G1 state of the cell-cycle mechanism as a result of the adenoviral 
gene product [36]. As the first generation of the selectively replicating 
adenovirus was used under clinical trials, progress has been made in 
order to enhance the potency by researching on various types of Ad 
genes. 

	 P53 is a transcription factor essential for cell cycle checkpoints 
and the maintenance of the genome. Due to the defect in the apoptotic 
mechanism, there is an increase in cell proliferation, which is a hall-
mark of all cancer cells [37]. Despite this defect, the mechanism can 
be restored. In a study conducted, tumor cells were observed to have 
an increase in the levels of a proto-oncogene and a known as Mdm2. 
Mdm2 is found to negatively regulate the function of p53, hence de-
grading it to allow proliferation of tumor cells as well as evasion of 
apoptosis [38].

	 Figure 4, Shows ongoing oncolysis in the nodule to the left, 
whereas tumor destruction is almost complete in the nodules to the 
right. There is a formation of new nodules at the top, which consists of 
viral resistant cells that appear under the pressure of selective mech-
anism of oncolysis. Tumor cells possess the ability to obscure inside 
the connective tissue so as to evade viral destruction [4].

Clinical Trials
	 Clinical trials are an important aspect of any research towards 
therapy. There are four phases of a clinical trial. 

Phase I: Clinical trials are directed towards a few healthy volunteers 
with but kept under close observation. The aim of this is to verify if 
the drug under trial is risk-free for human usage.

A phase II: Clinical trial is to assess the efficacy of new drugs. These 
patient volunteers are targeted with the intention of being completely 
treated.

Phase III: Drugs are tested for their efficacy and dose levels in the 
treatment of the disease. This stage of the trial also assesses the effec-
tiveness of drugs on different levels of disease. A phase IV trial takes 
place to determine the adverse and long term effects of a new drug on 
a larger patient population.

	 Clinical trials on oncolytic viruses for the treatment of cancer have 
been extensively researched a very few for phase II and maximum for 
phase I. Herpes simplex virus 1 that expresses for melanoma (T-Vec, 
Talimogenelaherparepvec) is currently under a phase III trial. T-vec is 
an oncolytic immunotherapy, designed in a way so that it selectively 
replicates in tumors to produce CSF-GM. Results prove that it can 
serve as a novel therapeutic drug towards the treatment of metastatic 
melanomas as it is well tolerated and has high durability and overall 
response (Table 1) [39,40].

	 Oncolytic vaccinia virus expressing for GM-CSF (JX-594), was 
tried against hepatitis B virus that is known to cause hepatocellular 
carcinoma and has completed phase II trial. JX-594 was delivered 
into the liver tumors intravascularly [42]. It was recorded that JX-594 
anti-cancer immunity arose post its replication and GM-CSF expres-
sion. It was thus stated that the anti-cancer effect could be due the 
immune response [43]. Even when the tumors were delivered, the 
genome of the virus was found to be present immediately, implying a 
possibility of the non-injected tumors being introduced to JX-594.

	 Another phase II clinical trial was conducted against metastatic 
melanoma where reolysin, a commercial product name for a strain of 
reovirus by oncolytics biotech, was delivered intravenously, showed 
a considerable decrease in the size of the tumors [44]. Even though 
there was not much positive outcome, some patients showed reovi-
ral copy in tumors. Advancements in clinical trials provide evidence 
of the anti-cancer mechanism for successful virotherapy, however, a 
deeper understating is still in demand.

Enhancing virus delivery

	 Hyaluronidase, a proteolytic enzyme used for the pre-treatment, 
which can cause a change in the ECM and ease viral entry. Moreover, 
increased oxygenation of tumors to decrease interstitial pressure and 
reduce hypoxia has begun to re-sensitize the tumors towards radiation 
and smoothen the delivery of drugs. Inhaling hyperoxic gas, blocking 
VGF signaling (Vascular Endothelial Growth Factor) could assist in 

Generation Recombinant of Deletion

First generation 
1716 HSV-1 γ34.5

Second genera-
tion, NV1020 HSV1/2 UL24 and UL56 One copy of γ34.5

Third generation, 
G207 with multiple mutations ICP6 and both copies of γ34.5

OncoVEXTM 
(GM-CSF) clinical isolate of HSV-1

γ34.5, engineered to express higher 
levels of US11 which compensates for 

the reduced replication efficiency

HF10 HF strain UL56

Table 1: Shows clinical trial replication-competent HSV-1 vectors [41].
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achieving this strategy [45]. Delivery of oncolytic virus is a concern 
even though systemic intravenous delivery is simpler, as compared to 
intratumoral inoculation [46].

	 Maximum of the oncolytic viruses have been delivered intratu-
morally and have been successful in treating easily accessible sol-
id tumors. A death resulting from cancer is most of the time due to 
metastasis [47]. Hence stating that intratumor delivery depends on 
viral replication at the site of the tumor, whereas, the latter to the 
distant sites. This strategy is not always effective due to the immune 
response.

	 Therefore by the help of these clinical trials, we understand that 
oncolytic viruses can be systemically delivered with minimal latency 
and toxicity. These agents could be effective towards the treatment 
of either primary or even metastatic tumors. Hence this mechanism 
of delivery is appealing towards the treatment of metastasized or in-
accessible diseases such as pancreatic cancer patients, but if for the 
transportation intravenously there is a necessity of deeper understand-
ing.

	 The blood-brain barrier is an example of an obstruction that vari-
ous oncolytic viruses can pass, thus implying its use towards the treat-
ment of brain tumors.

	 A disadvantage of systemic delivery could be pre-existing immu-
nity, which could be a result of previous oncolytic therapy or prior 
vaccination. The use of VV against small pox has caused a pre exist-
ing immunity in developing cancer patients. Another example is of 
reovirs causing immunity since it is present freely in the environment 
[48].

	 A study in 2008 by Flanagan et al., stated the effectiveness of sys-
temic delivery of Vaccinia Virus since the Extracellular-Enveloped 
Matrix (EEM) can be used to neutralize antibodies that are, modify-
ing the virus such that it produces an increased amount of immune 
evasion [49]. However, a form of the vaccinia virus known as the 
Intra-cellular Mature Virion (IMV) could be potentially systemically 
delivered as this modified virus reaches the target site first. Therefore 
proving its efficacy as IMV is comparatively more immunogenic as 
compared to EEV.

Conclusion
	 Due to a scarcity of animal models mimicking human cancer, tu-
mor recurrence is a taxing virotherapy process regardless of the in-
crease in the number of growing oncolytic virus and advancement. 
This difficulty possibly could be avoided by the use of sophisticated 
models.

	 Another concern faced, is of cancer cells developing insensitiv-
ity towards virotherapy and the conventional treatments, which are 
optimal therapeutic regimens, and avoidance of this mechanism is a 
necessity. Even though many efficacious treatments for a single host 
have dire consequences, it introduces other variables in a complex 
treatment.

	 An in depth understanding of the immunological pathways and its 
communication betwixt viruses and other varied types of treatments 
available is a necessity because of the complications in estimating 
the degree of immune response in oncolysis, specifically for viruses 

with high dosage. Another concern is of the use of viral replicative- 

  

competent in individuals with weakened immunity, like post radiation 
therapy.

	 These cancer trials clearly illustrate anti-cancer activity against 
several types of cancer. Oncolytic viral therapy in combination with 
other therapies will serve as potentially powerful adjuncts. Howev-
er, certain challenges, which will upgrade the treatment, will remain, 
like identification of the virus and delivery method. These must be 
resolved before being a clinical strategy against cancer. The war on 
cancer has led to sophisticated treatments, however, cancer related 
deaths still occur. In depth understanding of oncolytic viruses could 
increase survival rates.

	 A blend methodology and an ideal application, to improve the sys-
temic conveyance of oncolytic viruses could be possibly employed, 
which could be attained via targeting varied factors.

	 This approach might offer an efficacious therapeutic strategy to-
wards the primary tumor and associated treatment, which is not read-
ily available due to their physiological barriers for conventional ther-
apeutic agents.

	 The BBB (Blood Brain Barrier) is an example of an obstacle, 
where oncolytic viruses passes through, and hence could be a poten-
tial strategy in the treatment of brain tumors. In this way of targeting 
every factor, there could be a major advancement of many different 
types of cancers.

	 Genetic material can be injected by the virus into the enzyme, 
which causes activation of proteins that decelerate translation of RNA 
and cause apoptosis.

	 Consequences of radiation increase proliferation by administering 
a transporter code [50].

	 Major advances are made to improve efficacy and selectivity of 
oncolytic viruses and to overcome hurdles towards efficacious vi-
rotherapeutics [51].

	 A possible approach towards the treatment of cancer could be by, 
integrating oncolytic viruses with other types of conventional cancer 
therapies or it could be aimed towards immunologically sensitizing 
the tumors.
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