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Abstract:
Oncolytic virotherapy shows promise as an anticancer agent with its field having grown
considerably since its birth in the 20th century. Unfortunately, there are still many challenges that
face oncolytic viruses (OV) that should be further studied to improve oncolytic viruses' potency.
Challenges faced in the field of oncolytic virotherapy are: elucidating the factors in viral
oncoselectivity, improving the clinical efficacy of OVs, reducing adverse events from OV
treatment. A promising strategy that is currently being researched to improve OV treatment is
combining OVs with another cancer therapeutic. A substantial barrier to the treatment of tumors
is the immunosuppressive nature of the tumor microenvironment. Oncolytic viruses have
demonstrated the ability to counteract this environment to boost immune response against
tumors.

1. Introduction
The origins of oncolytic virotherapy (OVT) date back just over 100 years to 1904 where a
woman’s tumor receded after she experienced an influenza infection. Later, in 1912, Italian
doctors discovered a correlation between the rabies vaccine and cervical cancer regression 1.
These events led to the first studies of oncolytic virotherapy. Throughout the 1950s and 1970s,
multiple studies were conducted for using oncolytic viruses as a cancer therapy. Unfortunately,
this therapy was ineffective without proper safety measures to control the virus within human
patients. In the 1980s, however, attenuated and selective viruses were created using novel viral
genetic engineering technology. In 1991, a modified herpes virus was able to safely improve the
survival of mice with glioma. The first oncolytic virus (OV) to be approved by the FDA for market
use was Talimogene laherparepvec (T-VEC), a modified herpes simplex virus 2. Currently, there
are many clinical trials ongoing researching the safety and efficacy of various OV and their
combination with other cancer therapies.

Oncolytic virotherapy is a branch of immunotherapy that relies on the use of a virus that has
been engineered to be, or naturally is, selective towards cancer cells 3. These viruses called OV
are able to infect, replicate in and kill cancer cells while sparing the non cancerous human cells4.
Additionally, OV infection is thought to stimulate an antitumor immune response5. OVT is
thought to synergize well with other cancer treatment methods and improve their efficacy,
especially immune checkpoint inhibitors6.

One significant barrier to OVT is the tumor microenvironment (TME). In solid tumors, The TME
contains both physical barriers and an immunosuppressive environment that prevents an
antitumor immune response. This is especially important in immunotherapies such as OVT that
help coordinate an antitumor immune response.

Many different types of oncolytic viruses are being studied for their safety and efficacy in fighting
cancer. The wild type oncolytic viruses we will focus on in this review are measles virus (MV),
H-1 parvovirus (H-1 PV), reovirus, and Newcastle disease virus (NDV). These viruses have
significant, but limited research on them; they are naturally oncoselective and generally
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resemble their natural state with limited genome modifications. This review will not focus on
herpes simplex viruses or adenovirus. These viruses already have significant literature covering
them as oncolytic viruses and have a heavily engineered genome. We provided links to reviews
covering each of these viruses: herpes simplex virus,7 adenovirus,8 and vaccinia virus(Xu et al.
2023). These oncolytic viruses show potential as a cancer therapy, but they face many
challenges and require further research to reach their potential as a cancer fighting agent.

2. Categories of Wild Type OVs

A. Measles: Measles Virus (MV) is in the Paramyxoviridae family meaning that MV
has a single stranded, enveloped RNA genome 9. Most wild type MVs use the
SLAM/CD150 receptor for cell entry tropism which is expressed on the surface of
immune cells 10. However, vaccine strains of measles virus use the CD46 protein
for cell entry which is frequently on the membrane of tumor cells 11. With a
mutation of the H protein at amino acid 481 in tissue culture adaption, MVs can
experience CD46 tropism for cell entry 12. A 2010 phase I clinical trial using
Edmonston MV, a laboratory strain of MV that binds to the CD46 receptor,
demonstrated promising signs regarding the safety and efficient oncolytic measles
virus as a monotherapy for recurrent ovarian cancer; the median overall survival
(OS) of patients treated with Edmonston MV was 12.15 months which favorably
compares the an expected OS of 6 months13.

B. H-1 Parvovirus (H-1 PV): H-1 PV is a single stranded, non-enveloped DNA virus
14. H-1 PV is a parvovirus whose natural host is rats, therefore humans lack
antibodies against H-1 PV. However, H-1 PV demonstrates little signs of cytolytic
behavior towards non-tumor human cells15. H-1 PV is able to penetrate normal
cells, but lacks the ability to replicate and perform cell lysis in normal cells 16. H-1
PV expresses the oncotoxic protein, nonstructural protein 1 (NS1), which becomes
upregulated in tumor cells due to tumor cells overexpressing
phosphoinositide-dependent kinase-1, protein kinase B, and protein kinase C
(enzymes involved in NS1 phosphorylation)17. In pre-clinical in vitro research, H-1
PV has demonstrated efficacy against pancreatic tumor cells in stand alone
treatment 18. In clinical trials, H-1 PV has shown a reasonable safety profile and
promise in patient overall survival, although a double blind study is necessary to
confirm these results15.

C. Reovirus: Belonging to the Reoviridae family, Mammalian orthoreovirus type three
Dearing strain (reovirus) is a non-enveloped, double-stranded RNA virus19.
Reovirus does not replicate normal cells with it preferentially replicating in
transformed cells. Rodent cell lines provided evidence that epidermal growth factor
receptor pathways which are overexpressed on cancer cells helped facilitate
reovirus infection20. Ras mutations, which promote uncontrolled cell growth, are
found in approximately 30% of cancers, and Ras transformed cells have increased
susceptibility to reovirus due to their downregulation of double stranded RNA
activated protein kinase21. In multiple clinical trials, reovirus was demonstrated to
be safe although with limited efficacy as a monotherapy 22–24. However, reovirus
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shows substantial promise in combination with other therapies such as
chemotherapy and radiotherapy 25.

D. Newcastle Disease Virus (NDV): NDV is an avian paramyxovirus type I virus with
an eveloped, single stranded RNA genome 26. NDV has little pathogenicity in
humans due to its high susceptibility to type I interferons (IFN). Since tumor cells
have inadequate type I IFN signaling, they are more vulnerable to NDV infection 27.
NDV infection is facilitated through NDV haemagglutinin-neuraminidase (HN) and
fusion protein (F) surface glycoproteins binding with sialic acid residues acting as
a receptor on the surface of tumor cells 28. Thus, IFN regulatory genes and sialic
acid presence could be used as biomarkers for a tumor susceptibility to oncolytic
NDV 29.In early 2000s clinical trials, NDV showed promise as an oncolytic virus
demonstrating responses in a few patients and a prolonged progression free
survival in 14 out of the 79 patients with manageable toxicities 30–32. Currently,
engineered NDVs are being developed to express proteins such as interleukin-12
(IL-12) and granulocyte-macrophage colony-stimulating factor (GM-CSF) with a
clinical trial studying the safety and efficacy of an engineered NDV to express
IL-12 in progress.

Virus Family Strain
Derived
from

Genome;
Enveloped

Cell Entry
Receptor

Oncotoxic
Mechanism

Measles Paramyxovir
idae 9

Human
Vaccine 9

Single
stranded
RNA; Yes9

CD46
and/or
SLAM 11

Induced
autophagy
or
apoptosis33

H-1
Parvoviru
s

Parvoviridae
14

Rat
Pathogen
14

Single
stranded
DNA; No14

Evidence
towards
sialic acid
residues34

Induced
lysosome
dependent
cell death,
apoptosis, or
necrosis15

Reovirus Reoviridae 19 Human
Pathogen
19

Double
stranded
RNA, No19

Not
Identified

Induced
necrosis,
necroptosis,
or apoptosis
35

Newcastle
Disease
Virus

Paramyxovir
idae26

Avian
Pathogen
26

Single
stranded
RNA; Yes26

Evidence
towards
sialic acid
residues29

Induced
apoptosis,
autophagy,
or necrosis
36
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3. Challenges for Wild Type OVs

Tumor Specific Tropism:
Since oncolytic viruses (OV) are live viruses, they carry an inherent danger for their ability
to infect and kill non-cancerous cells. OVs such as H-1 Parvovirus (H-1 PV) and
Newcastle Disease Virus (NDV) have a natural preference for tumor cells. This oncolytic
preference of H-1 PV cannot be traced to one single factor but rather to many different
factors throughout the life cycle of H-1 PV. Unfortunately, not all these oncoselective
factors are specific to malignant cells and instead can be attributed to proliferating cells
more generally. Such factors are cyclin A/CDK2 which convert H-1 PV’s single stranded
DNA genome into double stranded replicative forms which are essential for H-1 PV
replication 37. Since not all tumor cells are rapidly proliferating and non-cancer cells can
be proliferating, H-1 PV infection could result in some undesired outcomes. Beneficially,
these factors distinguish H-1 PV infection in rapidly proliferating tumors versus the
generally dormant surrounding tissues 16.

Reovirus is a human pathogen that has very mild human infections, but it preferentially
replicates and lyses in transformed cells because of factors which include epidermal
growth factor which stimulates Ras signaling pathways 38. Ras mutations in tumor cells
increase their proliferation. Ras signaling enhances the antitumor tropism of reovirus due
to its ability to enhance reovirus transcription 39. While reovirus benefits from Ras
mutations, reovirus can be effective in Ras independent cancers. So far, no factors
determining reovirus efficacy in non-Ras tumor cells have been elucidated 40. Further
research must be conducted to determine these factors for more effective reovirus
treatment.

Measles is a highly infectious human pathogen and must be attenuated before it is safe
to use in humans. Oncolytic Measles Virus (MV) are derived from laboratory strains of
MVs which are mutated to experience cell entry tropism from CD46 protein, an
overexpressed transmembrane protein on tumors, in order for the MV to have
oncoselective properties. CD46 is expressed on all human cells which creates a
reasonable safety concern when used in humans. Future MV strains could potentially be
developed with binding domains that spare non malignant cells with low CD46 expression
41.

Efficacy:
While OVs show promise in in vitro transformed cell lines and in improving overall
survival, there is still a long way to go in terms of efficacy for OVs as a monotherapy.
Several clinical trials have been conducted regarding the efficacy of various OVs. One
trial used H-1 PV to treat progressive primary or recurrent glioblastoma. They found a
median overall survival of 15 months which is greater than the expected overall survival
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of recurrent glioblastoma of 9 months 42. While this demonstrates some potential for H-1
PV in regards to efficacy, no progression free survival lasted for more than 6 months.
Thus, this therapy still has much to improve in its efficacy 16. A clinical trial studying the
use of reolysin (reovirus therapy) in 12 patients with multiple myeloma found no objective
response in patients treated with reolysin, and the longest period of stable disease for
one of the patients was 8 months. The authors of the trial proposed three different factors
that might have contributed to an inadequate clinical response: 1) unable to overcome
inherent viral resistance to cytolysis, 2) lack of an OV related antitumor immune
response, 3) inaccurate dosing 43

Adverse Events (AE):
OVs are generally safe. With intravenous reovirus treatment, the most common
adverse effects are grade 1 or 2 flu like symptoms, and in a phase I trial, no grade
3 or 4 AEs were observed. Reovirus treatment is considered to be safe for a broad
range of cancers including, prostate cancer, malignant glioma, metastatic
colorectal cancer, multiple myeloma and solid cancers 43

Additionally, a 2012 study using MVs to treat 37 patients with ovarian or peritoneal
cancer found that 5 out of the 37 patients experienced serious adverse events
(adverse events requiring hospitalization) while all patients received some form of
minor adverse event. The most common adverse events regarding both minor and
serious were gastrointestinal disorders (such as abdominal pain, diarrhea, and
nausea) and general disorders (flu-like symptoms). It is important to note that this
study gives no analysis on the cause of these adverse events. The common
adverse effects mentioned are also common symptoms of cancer (especially
ovarian and peritoneal cancer). Thus, these adverse effects should not necessarily
be attributed to the oncolytic measles virotherapy. Even if these adverse effects
were not directly resulting from the oncolytic measles virus, they are still important
in determining the safety and efficacy of the treatment 44.

Another clinical trial studied the use of oncolytic measles virus in treating 29
patients with multiple myeloma. The grade 3 or 4 adverse effects that were
recorded and deemed to be possibly related to treatment were neutropenia (n=9);
leukocyte count decreased (n=5); thrombocytopenia (n=2); and CD4 lymphocytes
decreased, anemia and lymphopenia (each n=1). One patient experienced left
ventricle failure that could have been related to treatment 45.

Another clinical trial studied the safety of H-1 PV in 7 patients with Pancreatic
Ductal Adenocarcinoma (PDAC). There were 2 adverse effects out of the 91 total
that were deemed related to the H-1 PV treatment which were moderately
increased C-reactive protein. A total of 6 significant adverse effects were observed
and none of them were attributable to the H-1 PV treatment, but instead were
credited to PDAC 46.
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Figure Legend: Challenges for oncolytic virotherapy include A) inability to overcome
inherent resistance to cytolysis B) lack of oncolytic related immune response C)
inaccurate dosing D) attenuation of oncolytic virus to exhibit tumor specific tropism E)
adverse events and serious adverse events

4. Oncolytic Viruses effects on the Tumor Microenvironment

The Tumor Microenvironment:
The presence of tumor infiltrating immune cells such as cytotoxic T cells (CTL) and natural killer
(NK) cells are correlated with a better prognosis in tumors 47. Tumor microenvironments (TME)
that contain numerous infiltrating immune or T cells are inflamed or “hot”. Consequently, tumors
possess the ability to bypass the normal immune response of systematically recognizing and
killing malignant cells due to the cytotoxic behavior 29. For one, the fibrogenic extracellular matrix
and the cancer associated vasculature are two physical barriers that work to prevent T cell
infiltration into the tumor 48. Additionally, the TME contains many immunosuppressive molecules
such as growth factors (prominently transforming growth factor-β), cytokines (mainly
interleukin-10 and interleukin-4), chemokines, matrix-remodeling enzymes, and metabolites 49.
These molecules can be secreted by transformed tumor cells, and infiltrating immune cells such
as immunosuppressive regulatory T cells, myeloid-derived suppressor cells, and tumor
associated fibroblasts.
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OV facilitated Immune Response within the TME:
Oncolytic Viruses (OV) contain the ability to change uninflamed or “cold” tumors to “hot tumors.
Upon tumor cell lysis, OVs release molecules with pathogen-associated molecular patterns
(PAMPs) and damage-associated molecular patterns (DAMPs)50 which cause an inflammatory
effect and activate immune response. PAMPs and DAMPs are recognized by pattern recognition
receptors (PRR) on dendritic cells, macrophages, other immune cells, etc.. When stimulated by
PRRs, the dendritic cell releases inflammatory and antiviral cytokines 51. One major
consequence of dendritic cell activation is the release of the cytokine type I IFN, IFN-β, which
leads to CTL activation 52. Furthermore, neoplastic transformation usually causes antiviral
immune system deficiencies, meaning that cancer cells are unable to secret type I IFNs, but
within the TME there may be a small percentage of cancer cells that retain the ability to secret
these cytokines. Type I IFNs cause both desirable and undesirable effects in the TME 53.
Undesirably, type I IFNs are potent antiviral cytokines that prevent replication and facilitate
elimination of OVs. Desirably, type I IFNs facilitate oncolytic immune response. Type I IFNs
have anti-angiogenic effects and are able to stop tumor proliferation 54. Type I IFNs also may be
able to facilitate anti tumor immune response because they are regulators to CTL and NK
activation. The secretion of type I IFNs differs between different OVs, i.e NDV induces
considerable IFNs 55 while H-1 PV induces little IFNs 56 meaning that it lacks both desirable and
undesirable type I IFN induced effects.

Endothelial Cells:
Solid tumors need a constant blood supply in order to proliferate and metastasize 57. To achieve
this blood supply, tumor vascularization and angiogenesis are promoted by vascular endothelial
growth factor (VEGF) 58. Not only does VEGF promote tumor angiogenesis, but additionally, it is
thought to repress immune antitumor response 59. VEGF signaling pathways can be exploited
by viruses 60–62; reducing VEGF has been shown to decrease OV infection in tumor-associated
vascular endothelial cells 63. In pre-clinical in vivo models, OV treatment to tumors with baseline
high VEGF levels showed significant ability to disrupt tumor vasculature and infect
tumor-associated vascular endothelial cells. There was a 90% decrease in perfusion recorded
throughout these tumors, while adjacent normal cells showed no change in perfusion. Disrupting
tumor perfusion is often followed by durable tumor necrosis. These anti-angiogenesis effects
were observed preceding widespread tumor OV infection 64. In a clinical trial, high dose OV
treatment infected tumor-associated vascular endothelial cells in 5 out of 8 patients, while all
patients with low dose OV treatment showed no infection in tumor-associated vascular
endothelial cells. OV infection was found in tumor-associated vascular endothelial cells in
patients with diverse histologies including colorectal carcinoma, ovarian carcinoma, and
leiomyosarcoma. Control samples of non cancerous cells and pre OV treatment tumor cells
were negative for OV infection. A separate phase II clinical trial revealed acute disrupted
perfusion in liver tumors treated with OVT using MRI imaging. Acute disruption of perfusion was
demonstrated in both intratumoral and intravenous injection and was also found in small, distant
tumors 64.
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Figure Legend:
A tumor cell lyse during oncolytic virus infection. This releases pathogen-associated molecular
patterns (PAMP) which are detected by pattern recognition receptors (PRR) on dendritic cells
which activate them. Activated dendritic cells release type 1 interferons that cause cytotoxic T
cell activation. These activated cytotoxic T cells are able to recognize and eliminate cancer
cells.

5. Combination Therapy:

Combination Therapies

One promising approach to improving the efficacy of OVT is combining OVs to synergize with
another cancer therapeutic - called combination therapy. There are a wide range of promising
combinations involving OVT, including combining OVT with immune checkpoint inhibitors,
chemotherapy, or targeted/small molecule therapy(Zhu et al. 2022).

Immune Checkpoint Inhibitors:
The overexpression of immune regulatory receptors such as PD-L1, PD-1, and CTLA-4 can
create an immunosuppressive state in the TME. Immune checkpoint inhibitors (ICIs) bind to
these receptors, preventing their immunosuppressive function in TME. ICI response is
dependent on T cell infiltration, due to their direct effect in preventing immune regulatory
receptors from being activated on T cells. Thus, the presence of antigen presenting cells and
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tumor infiltrating lymphocytes within the tumor are associated with ICI efficacy. Consequently,
low immune infiltration has a negative impact on ICI response 65. OVs have a natural ability to
increase immune infiltration because they stimulate antigen presenting cells through the release
of pathogen-associated molecular patterns. These APCs then activate T cells allowing for
antitumor immune response 66. Since OVT increases immune response within the tumor, it
shows promise as a potent combination with ICIs 67.

In preclinical models, reovirus in combination with anti-PD-1 therapy allowed natural killer cells
to more effectively recognize and kill reovirus infected tumor cells and increase CTL response
through the reduction of regulatory T cells 68. A clinical trial that studied the use of ICIs in
combination with Pelareorep, a reovirus based therapy, and chemotherapy on pancreatic ductal
adenocarcinoma found the toxicities of this combination to be manageable with only 2 out of 11
patients experiencing grade 3 or 4 toxicities. 3 out of 10 patients had a stable disease or partial
response. This clinical trial concluded that this combination was safe and that it had efficacy
promise, warranting further study 69. Newcastle disease virus, parvovirus, and measles virus
have all been researched in combination with ICIs in pre-clinical trials, and clinical trials are
expected to be conducted in the near future 70. A combination of T-VEC and pembrolizumab
were studied in a randomized, double blind, and placebo controlled phase III clinical trial. This
trial concluded that the combination of T-VEC and pembrolizumab demonstrated no benefits to
patients overall survival and progression free survival when compared to a pembrolizumab
control. While T-VEC is not the focus of the review, this study qualifies the extent to which this
combination demonstrates promise (Chesney et al. 2023).

Chemotherapy:

A promising combination that is being explored is combining OVT with chemotherapy. The
combination of OV and chemotherapy demonstrate promise in non-small cell lung cancer lines
for their ability to synergize with chemotherapeutic agents improving OV induced cell death71.
Additionally, this combination has the potential to lessen the dose and duration of the
chemotherapy treatment, consequently decreasing side effects and the chance of drug
resistance 65. A 2011 phase I clinical trial studied the combination of reovirus and Gemcitabine,
a chemotherapy agent. It concluded that this combination was safe with a full dose of
Gemcitabine, but it highlighted an interesting problem. Gemcitabine has the ability to damage
the humoral and anti-reovirus immune response. These damages increase the ability for a virus
to infect normal cells leading to increased OV related side effects, but they also may improve
the OVs ability to infect tumor cells 72.
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Figure Legend: Oncolytic Virus (OV) induced apoptosis leads to Cytotoxic T cell (CTL)
activation. Programmed cell death protein 1 (PD-1) on the activated CTL binds with the
programmed death-ligand 1 (PD-L1) on tumor cells inactivating it, but if an anti PD-1
antibody prevents PD-1 and PD-L1 from binding, then it prevents CTL inactivation. The
activated CTL is able to attack tumor cells.

6. Conclusion and Future Perspective

The field of oncolytic virotherapy has exponentially progressed since its advent at the
beginning of the 20th century. Various viruses have been studied in clinical and preclinical
trials for their use as a cancer therapeutic including T-VEC which has been approved by
the Food and Drug Administration for cancer treatment .

Unfortunately, as far as this field has come, there is still major progress needed in this
field. For one, many of the details regarding OVs oncoselectivity are not fully understood
or accounted for. For example, while reovirus’s mechanisms to preferentially replicate in
Ras mutated tumors have been thoroughly investigated, the mechanism for reovirus’s
preference in non-ras tumors have not been elucidated. Clinical trials using reovirus have
had limited success in efficacy, and it should be considered that determining reovirus’s
oncoselective mechanisms would enable better designed trials to be conducted which
could potentially help combat some of reovirus current modest efficacy as a
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monotherapy. Furthermore, H-1 PVs mechanisms for oncotropism are not completely
specific to cancer cells and can be stimulated in proliferating cells too. This adds an
inherent safety risk for H-1 PV use in humans. These important details in OV
mechanisms for tumor specific tropism could be elucidated and solved in order to
improve the clinical efficacy and safety of OVs in the future.

Additionally, some OVs have struggled with clinical efficacy. H-1 PV and reovirus have
shown promise in their use as a monotherapy, especially in animal models, but they both
have failed to meet clinical endpoints and eradicate tumors. These failures raise
concerns about OVs potential as a monotherapy. Some of the ways that researchers
hope to improve the OVs clinical efficacy is by arming the virus with genetic information
that boosts their ability to kill cancer cells or that better stimulates the immune system for
an antitumor immune response. Another method to improve OV success is to engineer
retargeted OVs that have more specific oncoselective mechanisms.

While OV monotherapy has its limitations, combination therapy is another attractive use
of OVs. Since oncolytic viruses have very limited adverse events compared to more
traditional cancer treatments, oncolytic virotherapy used in combination with
chemotherapy is able to reduce the dose and side effects of chemotherapy mono
treatment. Moreover, oncolytic virotherapy is able to facilitate an antitumor immune
response allowing it to synergize with immune checkpoint inhibitors. ICIs prevent normal
cells from suppressing immune cells, a function that is exploited by cancer cells to evade
the immune system. In combination, OVs can stimulate an immune response to cancer
cells while the ICIs boost the immune system against cancer. This combination is still in
clinical stages, but shows promise as a cancer therapy.

A large limitation to the success of immunotherapy is the tumor microenvironment. The
TME is very immunosuppressive and inhibits the immune system from successfully
responding to cancer. Oncolytic viruses release pathogen associated pattern molecules
when they lyse tumor cells. These PAMPs stimulate the immune system which converts
the tumor from an immunosuppressive environment to an immunologically inflamed
environment. This conversion, also known as turning a “cold” tumor to a “hot” tumor, is
associated with improved patient outcomes. Furthermore, tumors rely on tumor
associated blood vessels and endothelial cells within the TME to receive nutrients for
tumor proliferation or else they starve. OVs have the ability to target endothelial cells
which decreases blood perfusion within the tumor. This decrease in perfusion is
correlated with tumor necrosis. These oncolytic virus facilitated effects in the TME should
be further studied as a way to better understand the course of OV infection, so
treatments can be modified to most effectively treat tumors.

Not without challenges, OVs show great potential as a therapy for cancer whether on
their own or in combination with another therapy. Between all of the wild type OVs
mentioned, only one phase III has been completed. More phase III trials and research
must be conducted to advance these wild type OVs as oncolytic agents. From
2000-2020, 97 clinical trials have been published on oncolytic viruses with many more
planned for the future 73- demonstrating the potency of the OV field. Future studies will
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undoubtedly try to address the challenges of wild type OVs discussed and bring them to
the forefront of cancer treatment.

Executive Summary:

Introduction
● Oncolytic Virus (OV) were first proposed in 1904
● Modified herpes simplex virus was first approved in 2015
● OVs preferentially replicate in cancer cells and do not replicate in human cells
● Tumor microenvironment inhibits immune response to cancer
● Wild Type OVs H-1 Parvovirus (H-1 PV), Measles Virus (MV) , Newcastle Disease Virus

(NDV), and Reovirus focused on in review which have limited genomic engineering

Categories of Wild Type OVs
● MV: single stranded RNA genome, uses SLAM receptor, favorable clinical trial results

(phase I)
● Reovirus: double stranded RNA genome, unidentified cell receptor, limited clinical

success as monotherapy
● H-1 PV: single stranded DNA genome, expressed oncotoxic protein NS1, safe with

promising efficacy in phase I trials
● NDV: single stranded RNA genome, takes advantage of damaged IFN response in tumor

cells, prolonged progression free survival in clinical trials

Challenges for Wild Type OVs
● Tumor specific tropism is not perfect and is not fully understood, noncancer cells can be

infected by OV and some tumor cells are resistant
● Efficacy in clinical trials has been limited and needs to be improved
● Adverse events while limited pose a safety issue to OV therapy

Oncolytic Viruses' Effects on the Tumor Microenvironment
● Tumor microenvironment (TME) prevents immune response with immunosuppressive

molecules and physical barriers
● OVs can convert the tumor microenvironment to become immune inflamed
● OV have target shown to target endothelial cells which can starve the tumor

Combination Therapies
● Immune checkpoint inhibitors synergize with OVs because both therapies boost immune

response toward cancer, this combination is safe and shows promise in efficacy
● Chemotherapy in combination with OVs can improve efficacy and reduce chemotherapy

side effects

Conclusion and Future Perspective
● Further research is essential for the progression of wild type OVs
● OVs demonstrate potential as therapy for cancer

12



Bibliography:

1. Pelner, L., Fowler, G. A. & Nauts, H. C. Effects of concurrent infections and their toxins on
the course of leukemia. Acta Med. Scand. Suppl. 338, 1–47 (1958).

2. Cao, G.-D. et al. The Oncolytic Virus in Cancer Diagnosis and Treatment. Front. Oncol. 10,
1786 (2020).

3. Russell, S. J., Peng, K.-W. & Bell, J. C. Oncolytic virotherapy. Nat. Biotechnol. 30, 658–670
(2012).

4. Santos Apolonio, J. et al. Oncolytic virus therapy in cancer: A current review.World J Virol
10, 229–255 (2021).

5. Desjardins, A., Vlahovic, G. & Friedman, H. S. Vaccine Therapy, Oncolytic Viruses, and
Gliomas. Oncology 30, 211–218 (2016).

6. Chen, C.-Y., Hutzen, B., Wedekind, M. F. & Cripe, T. P. Oncolytic virus and PD-1/PD-L1
blockade combination therapy. Oncolytic Virother 7, 65–77 (2018).

7. Uche, I. K., Kousoulas, K. G. & Rider, P. J. F. The Effect of Herpes Simplex Virus-Type-1
(HSV-1) Oncolytic Immunotherapy on the Tumor Microenvironment. Viruses 13, (2021).

8. Tan, E. W., Abd-Aziz, N., Poh, C. L. & Tan, K. O. Engineered Oncolytic Adenoviruses: An
Emerging Approach for Cancer Therapy. Pathogens 11, (2022).

9. Cox, R. M. & Plemper, R. K. Structure and organization of paramyxovirus particles. Curr.
Opin. Virol. 24, 105–114 (2017).

10. Wang, N. et al. CD150 is a member of a family of genes that encode glycoproteins on the
surface of hematopoietic cells. Immunogenetics 53, 382–394 (2001).

11. Dörig, R. E., Marcil, A., Chopra, A. & Richardson, C. D. The human CD46 molecule is a
receptor for measles virus (Edmonston strain). Cell 75, 295–305 (1993).

12. Rota, J. S., Wang, Z. D., Rota, P. A. & Bellini, W. J. Comparison of sequences of the H, F,
and N coding genes of measles virus vaccine strains. Virus Res. 31, 317–330 (1994).

13. Galanis, E. et al. Phase I trial of intraperitoneal administration of an oncolytic measles virus
strain engineered to express carcinoembryonic antigen for recurrent ovarian cancer. Cancer
Res. 70, 875–882 (2010).

14. Cotmore, S. F. et al. The family Parvoviridae. Arch. Virol. 159, 1239–1247 (2014).
15. Bretscher, C. & Marchini, A. H-1 Parvovirus as a Cancer-Killing Agent: Past, Present, and

Future. Viruses 11, (2019).
16. Angelova, A. L., Geletneky, K., Nüesch, J. P. F. & Rommelaere, J. Tumor Selectivity of

Oncolytic Parvoviruses: From in vitro and Animal Models to Cancer Patients. Front Bioeng
Biotechnol 3, 55 (2015).

17. Bär, S., Rommelaere, J. & Nüesch, J. P. F. PKCη/Rdx-driven phosphorylation of PDK1: a
novel mechanism promoting cancer cell survival and permissiveness for parvovirus-induced
lysis. PLoS Pathog. 11, e1004703 (2015).

18. Angelova, A. L. et al. Improvement of gemcitabine-based therapy of pancreatic carcinoma
by means of oncolytic parvovirus H-1PV. Clin. Cancer Res. 15, 511–519 (2009).

19. Decaro, N. et al. Virological and molecular characterization of a mammalian orthoreovirus
type 3 strain isolated from a dog in Italy. Vet. Microbiol. 109, 19–27 (2005).

20. Strong, J. E., Tang, D. & Lee, P. W. Evidence that the epidermal growth factor receptor on
host cells confers reovirus infection efficiency. Virology 197, 405–411 (1993).

13

http://paperpile.com/b/O6I82i/xdO9
http://paperpile.com/b/O6I82i/xdO9
http://paperpile.com/b/O6I82i/ImaH
http://paperpile.com/b/O6I82i/ImaH
http://paperpile.com/b/O6I82i/FJnX
http://paperpile.com/b/O6I82i/FJnX
http://paperpile.com/b/O6I82i/632M
http://paperpile.com/b/O6I82i/632M
http://paperpile.com/b/O6I82i/rra8
http://paperpile.com/b/O6I82i/rra8
http://paperpile.com/b/O6I82i/63Fn
http://paperpile.com/b/O6I82i/63Fn
http://paperpile.com/b/O6I82i/qJPt
http://paperpile.com/b/O6I82i/qJPt
http://paperpile.com/b/O6I82i/oIgF
http://paperpile.com/b/O6I82i/oIgF
http://paperpile.com/b/O6I82i/gAWg
http://paperpile.com/b/O6I82i/gAWg
http://paperpile.com/b/O6I82i/s47I
http://paperpile.com/b/O6I82i/s47I
http://paperpile.com/b/O6I82i/jPPw
http://paperpile.com/b/O6I82i/jPPw
http://paperpile.com/b/O6I82i/zfuA
http://paperpile.com/b/O6I82i/zfuA
http://paperpile.com/b/O6I82i/TYGs
http://paperpile.com/b/O6I82i/TYGs
http://paperpile.com/b/O6I82i/TYGs
http://paperpile.com/b/O6I82i/uHCu
http://paperpile.com/b/O6I82i/gjWU
http://paperpile.com/b/O6I82i/gjWU
http://paperpile.com/b/O6I82i/PEJv
http://paperpile.com/b/O6I82i/PEJv
http://paperpile.com/b/O6I82i/PEJv
http://paperpile.com/b/O6I82i/rQf3
http://paperpile.com/b/O6I82i/rQf3
http://paperpile.com/b/O6I82i/rQf3
http://paperpile.com/b/O6I82i/Eb2E
http://paperpile.com/b/O6I82i/Eb2E
http://paperpile.com/b/O6I82i/IIHB
http://paperpile.com/b/O6I82i/IIHB
http://paperpile.com/b/O6I82i/aFiq
http://paperpile.com/b/O6I82i/aFiq


21. Gong, J., Sachdev, E., Mita, A. C. & Mita, M. M. Clinical development of reovirus for cancer
therapy: An oncolytic virus with immune-mediated antitumor activity.World J Methodol 6,
25–42 (2016).

22. Forsyth, P. et al. A phase I trial of intratumoral administration of reovirus in patients with
histologically confirmed recurrent malignant gliomas. Mol. Ther. 16, 627–632 (2008).

23. Gollamudi, R. et al. Intravenous administration of Reolysin, a live replication competent
RNA virus is safe in patients with advanced solid tumors. Invest. New Drugs 28, 641–649
(2010).

24. Thirukkumaran, C. M. et al. Oncolytic viral therapy for prostate cancer: efficacy of reovirus
as a biological therapeutic. Cancer Res. 70, 2435–2444 (2010).

25. Comins, C. et al. REO-10: a phase I study of intravenous reovirus and docetaxel in patients
with advanced cancer. Clin. Cancer Res. 16, 5564–5572 (2010).

26. Ganar, K., Das, M., Sinha, S. & Kumar, S. Newcastle disease virus: current status and our
understanding. Virus Res. 184, 71–81 (2014).

27. Biswas, M. et al. Cell-type-specific innate immune response to oncolytic Newcastle disease
virus. Viral Immunol. 25, 268–276 (2012).

28. Dortmans, J. C. F. M., Koch, G., Rottier, P. J. M. & Peeters, B. P. H. Virulence of Newcastle
disease virus: what is known so far? Vet. Res. 42, 122 (2011).

29. Liu, T. et al. Optimization of oncolytic effect of Newcastle disease virus Clone30 by
selecting sensitive tumor host and constructing more oncolytic viruses. Gene Ther. 28,
697–717 (2021).

30. Hotte, S. J. et al. An optimized clinical regimen for the oncolytic virus PV701. Clin. Cancer
Res. 13, 977–985 (2007).

31. Pecora, A. L. et al. Phase I trial of intravenous administration of PV701, an oncolytic virus,
in patients with advanced solid cancers. J. Clin. Oncol. 20, 2251–2266 (2002).

32. Laurie, S. A. et al. A phase 1 clinical study of intravenous administration of PV701, an
oncolytic virus, using two-step desensitization. Clin. Cancer Res. 12, 2555–2562 (2006).

33. Pidelaserra-Martí, G. & Engeland, C. E. Mechanisms of measles virus oncolytic
immunotherapy. Cytokine Growth Factor Rev. 56, 28–38 (2020).

34. Allaume, X. et al. Retargeting of rat parvovirus H-1PV to cancer cells through genetic
engineering of the viral capsid. J. Virol. 86, 3452–3465 (2012).

35. Phillips, M. B. et al. Current understanding of reovirus oncolysis mechanisms. Oncolytic
Virother 7, 53–63 (2018).

36. Song, H., Zhong, L.-P., He, J., Huang, Y. & Zhao, Y.-X. Application of Newcastle disease
virus in the treatment of colorectal cancer.World J Clin Cases 7, 2143–2154 (2019).

37. Bashir, T., Horlein, R., Rommelaere, J. & Willwand, K. Cyclin A activates the DNA
polymerase delta -dependent elongation machinery in vitro: A parvovirus DNA replication
model. Proc. Natl. Acad. Sci. U. S. A. 97, 5522–5527 (2000).

38. Strong, J. E. & Lee, P. W. The v-erbB oncogene confers enhanced cellular susceptibility to
reovirus infection. J. Virol. 70, 612–616 (1996).

39. Marcato, P., Shmulevitz, M., Pan, D., Stoltz, D. & Lee, P. W. Ras transformation mediates
reovirus oncolysis by enhancing virus uncoating, particle infectivity, and
apoptosis-dependent release. Mol. Ther. 15, 1522–1530 (2007).

40. Song, L., Ohnuma, T., Gelman, I. H. & Holland, J. F. Reovirus infection of cancer cells is not
due to activated Ras pathway. Cancer Gene Ther. 16, 382 (2009).

41. Muñoz-Alía, M. Á. et al. MeV-Stealth: A CD46-specific oncolytic measles virus resistant to

14

http://paperpile.com/b/O6I82i/uCmC
http://paperpile.com/b/O6I82i/uCmC
http://paperpile.com/b/O6I82i/uCmC
http://paperpile.com/b/O6I82i/rfK2
http://paperpile.com/b/O6I82i/rfK2
http://paperpile.com/b/O6I82i/FBeR
http://paperpile.com/b/O6I82i/FBeR
http://paperpile.com/b/O6I82i/FBeR
http://paperpile.com/b/O6I82i/vJzb
http://paperpile.com/b/O6I82i/vJzb
http://paperpile.com/b/O6I82i/nw8f
http://paperpile.com/b/O6I82i/nw8f
http://paperpile.com/b/O6I82i/YxE9
http://paperpile.com/b/O6I82i/YxE9
http://paperpile.com/b/O6I82i/7Ini
http://paperpile.com/b/O6I82i/7Ini
http://paperpile.com/b/O6I82i/XWS4
http://paperpile.com/b/O6I82i/XWS4
http://paperpile.com/b/O6I82i/579B
http://paperpile.com/b/O6I82i/579B
http://paperpile.com/b/O6I82i/579B
http://paperpile.com/b/O6I82i/WToh
http://paperpile.com/b/O6I82i/WToh
http://paperpile.com/b/O6I82i/LGf1
http://paperpile.com/b/O6I82i/LGf1
http://paperpile.com/b/O6I82i/ecIv
http://paperpile.com/b/O6I82i/ecIv
http://paperpile.com/b/O6I82i/zJtV
http://paperpile.com/b/O6I82i/zJtV
http://paperpile.com/b/O6I82i/pvac
http://paperpile.com/b/O6I82i/pvac
http://paperpile.com/b/O6I82i/kfmF
http://paperpile.com/b/O6I82i/kfmF
http://paperpile.com/b/O6I82i/htAO
http://paperpile.com/b/O6I82i/htAO
http://paperpile.com/b/O6I82i/oFeJ
http://paperpile.com/b/O6I82i/oFeJ
http://paperpile.com/b/O6I82i/oFeJ
http://paperpile.com/b/O6I82i/ctBX
http://paperpile.com/b/O6I82i/ctBX
http://paperpile.com/b/O6I82i/bwRp
http://paperpile.com/b/O6I82i/bwRp
http://paperpile.com/b/O6I82i/bwRp
http://paperpile.com/b/O6I82i/hgeY
http://paperpile.com/b/O6I82i/hgeY
http://paperpile.com/b/O6I82i/DJi7


neutralization by measles-immune human serum. PLoS Pathog. 17, e1009283 (2021).
42. Clarke, J. L. et al. Is surgery at progression a prognostic marker for improved 6-month

progression-free survival or overall survival for patients with recurrent glioblastoma? Neuro.
Oncol. 13, 1118–1124 (2011).

43. Sborov, D. W. et al. A phase I trial of single-agent reolysin in patients with relapsed multiple
myeloma. Clin. Cancer Res. 20, 5946–5955 (2014).

44. CTG Labs - NCBI.
https://clinicaltrials.gov/study/NCT00408590?cond=peritoneal%20cancer&intr=measles%20
virus&rank=1&tab=results.

45. Dispenzieri, A. et al. Phase I trial of systemic administration of Edmonston strain of measles
virus genetically engineered to express the sodium iodide symporter in patients with
recurrent or refractory multiple myeloma. Leukemia 31, 2791–2798 (2017).

46. Hajda, J. et al. Phase 2 Trial of Oncolytic H-1 Parvovirus Therapy Shows Safety and Signs
of Immune System Activation in Patients With Metastatic Pancreatic Ductal
Adenocarcinoma. Clin. Cancer Res. 27, 5546–5556 (2021).

47. Gonzalez, H., Hagerling, C. & Werb, Z. Roles of the immune system in cancer: from tumor
initiation to metastatic progression. Genes Dev. 32, 1267–1284 (2018).

48. Schirrmacher, V., van Gool, S. & Stuecker, W. Counteracting Immunosuppression in the
Tumor Microenvironment by Oncolytic Newcastle Disease Virus and Cellular
Immunotherapy. Int. J. Mol. Sci. 23, (2022).

49. Fearon, D. T. Immune-Suppressing Cellular Elements of the Tumor Microenvironment.
Annu. Rev. Cancer Biol. 1, 241–255 (2017).

50. Russell, L., Peng, K. W., Russell, S. J. & Diaz, R. M. Oncolytic Viruses: Priming Time for
Cancer Immunotherapy. BioDrugs 33, 485–501 (2019).

51. Stanford, M. M., Breitbach, C. J., Bell, J. C. & McFadden, G. Innate immunity, tumor
microenvironment and oncolytic virus therapy: friends or foes? Curr. Opin. Mol. Ther. 10,
32–37 (2008).

52. Corrales, L., McWhirter, S. M., Dubensky, T. W., Jr & Gajewski, T. F. The host STING
pathway at the interface of cancer and immunity. J. Clin. Invest. 126, 2404–2411 (2016).

53. Marchini, A., Daeffler, L., Pozdeev, V. I., Angelova, A. & Rommelaere, J. Immune
Conversion of Tumor Microenvironment by Oncolytic Viruses: The Protoparvovirus H-1PV
Case Study. Front. Immunol. 10, 1848 (2019).

54. Maeda, S. et al. Interferon-α acts on the S/G2/M phases to induce apoptosis in the G1
phase of an IFNAR2-expressing hepatocellular carcinoma cell line. J. Biol. Chem. 289,
23786–23795 (2014).

55. Mansour, M., Palese, P. & Zamarin, D. Oncolytic specificity of Newcastle disease virus is
mediated by selectivity for apoptosis-resistant cells. J. Virol. 85, 6015–6023 (2011).

56. Paglino, J. C., Andres, W. & van den Pol, A. N. Autonomous parvoviruses neither stimulate
nor are inhibited by the type I interferon response in human normal or cancer cells. J. Virol.
88, 4932–4942 (2014).

57. Folkman, J. Angiogenesis in cancer, vascular, rheumatoid and other disease. Nat. Med. 1,
27–31 (1995).

58. Leung, D. W., Cachianes, G., Kuang, W. J., Goeddel, D. V. & Ferrara, N. Vascular
endothelial growth factor is a secreted angiogenic mitogen. Science 246, 1306–1309
(1989).

59. Motz, G. T. & Coukos, G. The parallel lives of angiogenesis and immunosuppression:

15

http://paperpile.com/b/O6I82i/DJi7
http://paperpile.com/b/O6I82i/StUw
http://paperpile.com/b/O6I82i/StUw
http://paperpile.com/b/O6I82i/StUw
http://paperpile.com/b/O6I82i/Yqpy
http://paperpile.com/b/O6I82i/Yqpy
http://paperpile.com/b/O6I82i/gtAf
https://clinicaltrials.gov/study/NCT00408590?cond=peritoneal%20cancer&intr=measles%20virus&rank=1&tab=results
https://clinicaltrials.gov/study/NCT00408590?cond=peritoneal%20cancer&intr=measles%20virus&rank=1&tab=results
http://paperpile.com/b/O6I82i/gtAf
http://paperpile.com/b/O6I82i/jO2h
http://paperpile.com/b/O6I82i/jO2h
http://paperpile.com/b/O6I82i/jO2h
http://paperpile.com/b/O6I82i/OHvs
http://paperpile.com/b/O6I82i/OHvs
http://paperpile.com/b/O6I82i/OHvs
http://paperpile.com/b/O6I82i/qoBh
http://paperpile.com/b/O6I82i/qoBh
http://paperpile.com/b/O6I82i/onOb
http://paperpile.com/b/O6I82i/onOb
http://paperpile.com/b/O6I82i/onOb
http://paperpile.com/b/O6I82i/njDc
http://paperpile.com/b/O6I82i/njDc
http://paperpile.com/b/O6I82i/dCu8
http://paperpile.com/b/O6I82i/dCu8
http://paperpile.com/b/O6I82i/uHKa
http://paperpile.com/b/O6I82i/uHKa
http://paperpile.com/b/O6I82i/uHKa
http://paperpile.com/b/O6I82i/EpTP
http://paperpile.com/b/O6I82i/EpTP
http://paperpile.com/b/O6I82i/5NXo
http://paperpile.com/b/O6I82i/5NXo
http://paperpile.com/b/O6I82i/5NXo
http://paperpile.com/b/O6I82i/Nar2
http://paperpile.com/b/O6I82i/Nar2
http://paperpile.com/b/O6I82i/Nar2
http://paperpile.com/b/O6I82i/Zw9j
http://paperpile.com/b/O6I82i/Zw9j
http://paperpile.com/b/O6I82i/hCJJ
http://paperpile.com/b/O6I82i/hCJJ
http://paperpile.com/b/O6I82i/hCJJ
http://paperpile.com/b/O6I82i/0LZd
http://paperpile.com/b/O6I82i/0LZd
http://paperpile.com/b/O6I82i/v7Ag
http://paperpile.com/b/O6I82i/v7Ag
http://paperpile.com/b/O6I82i/v7Ag
http://paperpile.com/b/O6I82i/h224


cancer and other tales. Nat. Rev. Immunol. 11, 702–711 (2011).
60. Rintoul, J. L. et al. ORFV: a novel oncolytic and immune stimulating parapoxvirus

therapeutic. Mol. Ther. 20, 1148–1157 (2012).
61. Ueda, N., Wise, L. M., Stacker, S. A., Fleming, S. B. & Mercer, A. A. Pseudocowpox virus

Encodes a Homolog of Vascular Endothelial Growth Factor. Virology 305, 298–309 (2003).
62. Inder, M. K., Ueda, N., Mercer, A. A., Fleming, S. B. & Wise, L. M. Bovine papular stomatitis

virus encodes a functionally distinct VEGF that binds both VEGFR-1 and VEGFR-2. J. Gen.
Virol. 88, 781–791 (2007).

63. Arulanandam, R. et al. VEGF-Mediated Induction of PRD1-BF1/Blimp1 Expression
Sensitizes Tumor Vasculature to Oncolytic Virus Infection. Cancer Cell 28, 210–224 (2015).

64. Breitbach, C. J. et al. Oncolytic vaccinia virus disrupts tumor-associated vasculature in
humans. Cancer Res. 73, 1265–1275 (2013).

65. Su, Y., Su, C. & Qin, L. Current landscape and perspective of oncolytic viruses and their
combination therapies. Transl. Oncol. 25, 101530 (2022).

66. Lichty, B. D., Breitbach, C. J., Stojdl, D. F. & Bell, J. C. Going viral with cancer
immunotherapy. Nat. Rev. Cancer 14, 559–567 (2014).

67. Ribas, A. et al. Oncolytic Virotherapy Promotes Intratumoral T Cell Infiltration and Improves
Anti-PD-1 Immunotherapy. Cell 170, 1109–1119.e10 (2017).

68. Rajani, K. et al. Combination Therapy With Reovirus and Anti-PD-1 Blockade Controls
Tumor Growth Through Innate and Adaptive Immune Responses. Mol. Ther. 24, 166–174
(2016).

69. Mahalingam, D. et al. Pembrolizumab in Combination with the Oncolytic Virus Pelareorep
and Chemotherapy in Patients with Advanced Pancreatic Adenocarcinoma: A Phase Ib
Study. Clin. Cancer Res. 26, 71–81 (2020).

70. LaRocca, C. J. & Warner, S. G. Oncolytic viruses and checkpoint inhibitors: combination
therapy in clinical trials. Clin. Transl. Med. 7, 35 (2018).

71. Sei, S. et al. Synergistic antitumor activity of oncolytic reovirus and chemotherapeutic
agents in non-small cell lung cancer cells. Mol. Cancer 8, 47 (2009).

72. Lolkema, M. P. et al. A phase I study of the combination of intravenous reovirus type 3
Dearing and gemcitabine in patients with advanced cancer. Clin. Cancer Res. 17, 581–588
(2011).

73. Macedo, N., Miller, D. M., Haq, R. & Kaufman, H. L. Clinical landscape of oncolytic virus
research in 2020. J Immunother Cancer 8, (2020).

16

http://paperpile.com/b/O6I82i/h224
http://paperpile.com/b/O6I82i/jHEQ
http://paperpile.com/b/O6I82i/jHEQ
http://paperpile.com/b/O6I82i/fPrO
http://paperpile.com/b/O6I82i/fPrO
http://paperpile.com/b/O6I82i/BLvx
http://paperpile.com/b/O6I82i/BLvx
http://paperpile.com/b/O6I82i/BLvx
http://paperpile.com/b/O6I82i/Ezet
http://paperpile.com/b/O6I82i/Ezet
http://paperpile.com/b/O6I82i/bOsp
http://paperpile.com/b/O6I82i/bOsp
http://paperpile.com/b/O6I82i/Qnkc
http://paperpile.com/b/O6I82i/Qnkc
http://paperpile.com/b/O6I82i/DQq1
http://paperpile.com/b/O6I82i/DQq1
http://paperpile.com/b/O6I82i/a3gT
http://paperpile.com/b/O6I82i/a3gT
http://paperpile.com/b/O6I82i/LgkD
http://paperpile.com/b/O6I82i/LgkD
http://paperpile.com/b/O6I82i/LgkD
http://paperpile.com/b/O6I82i/Z9Ak
http://paperpile.com/b/O6I82i/Z9Ak
http://paperpile.com/b/O6I82i/Z9Ak
http://paperpile.com/b/O6I82i/NQmU
http://paperpile.com/b/O6I82i/NQmU
http://paperpile.com/b/O6I82i/bHAO
http://paperpile.com/b/O6I82i/bHAO
http://paperpile.com/b/O6I82i/46tq
http://paperpile.com/b/O6I82i/46tq
http://paperpile.com/b/O6I82i/46tq
http://paperpile.com/b/O6I82i/KVM3
http://paperpile.com/b/O6I82i/KVM3

