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Oncolytic Viruses and Its Commercialization: A mini-review
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Oncolytic virus immunotherapy represents a new class of therapeutic approach that target the cancer cells

selectively and it is emerging as supportive or alternative treatment to the standard of care such as surgery,

chemotherapy and radiotherapy. Its unique advantages stems from its tumor cell specific lysis along with host

immune stimulation. To date, a wide variety of oncolytic viruses are evaluated for this purpose and several of

them demonstrated promising clinical results. Recently, it is used in combination with other anti-cancer mo-

dalities showing more enhanced results. This article briefly describes past, current and future perspectives of

oncolytic virus immunotherapy focusing on the virus type and combination agents and discusses consideration

in developing oncolytic viruses as commercial therapeutic agents in field of cancer treatment.
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INTRODUCTION
Cancer still remained one of the leading causes

of death in spite of the medical advance. It is known
to cause around one in every seven death worldwide.
Only in United States, about 1.6 million of new case
developed and 580 thousands deaths was reported
in 2015". The cardinal features of the devastating
disease are summarized as uncontrolled cell division
and its metastasis.

Various types of cancer treatments have been

introduced including surgery, chemotherapy, radio-
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therapy and immune therapy?. The combination of
them, surgery followed by chemotherapy or radio-
therapy is generally considered most effective until
now. The main disadvantages entailed with the cur-
rent strategies with regard to the quality of life are
permanent loss of organ or tissue and accompanying
pain. Another issue of classical cancer therapy is the
incomplete eradication of the cancer cells leading to
the disease recurrence ?.

Tremendous efforts have been made to devel-
op new approaches or improve preexisting cancer
treatment to minimize these adverse effects, while
the primary objective has been focused to increase
patients’ survival rate. Recently introduced targeted
therapy can be stated as the most advanced, since

it aimed at delivering therapeutic agents to and tar-
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geted tumorous tissue with minimal harm to normal
tissues”. Among the agents used, viral elements with
specific functional features have become of a great
interest nowadays>.

Oncolytic virus (OV) is a new promising agent
of cancer treatment immunotherapy using OV has
been recognized a one of possible next major break-
through. OV immunotherapy utilizes native or genet-
ically modified virus replicating selectively within
cancer cells®. Its anti-tumor effects are thought to
be mediated from direct lysis of cancer cells as well
as the preferential infection. In 2015, the first OV
immunotherapeutic biologics, T-VEC (talimogene
laherparepvec) was approved by US Food and Drug
Administration (FDA). With the success of T-VEC
and enhanced understanding of virology, it can be
easily anticipated that further development of new
OV drug is highly encouraged. Interestingly, the
virus in OV immunotherapy is used as an active
reagent, whereas other gene therapies use virus as a
carrier for gene delivery, although OV immunothera-
py is also categorized as one of gene therapy.

This mini review provides brief overviews of
the history of OV immunotherapy, the current status
of OV immunotherapy according to the virus type
incorporated and additional substances used in com-
bination strategies. The review also covers a few
examples of commercialized pharmaceuticals as well

as future perspectives.

History of Oncolytic Virus Immunotherapy De-
velopment

It has been known for more than 100 years that
viruses are able to kill cancer cells. The idea of using

virus in cancer treatment was originally hit upon
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from an accidental incident in 1912. One cervical
cancer patient bitten by a dog developed extensive
tumor necrosis following administration of a live at-
tenuated rabies virus for post-exposure prophylaxis”.
Subsequently, similar observations of tumor regres-
sions have been numerously reported in situations of
naturally acquired viral infections ®. Scientists be-
lieved that virus can be possibly used for tumor cell
lysis.

Unexpectedly however, only over the past de-
cade have clinical trials shown a therapeutic benefit
in cancer treatment. In fact, there were many clini-
cal trials performed for cancer treatment with wild
type or naturally attenuated viruses between 1950
and 1980. Adenovirus received attention greatly in
cervical cancer clinical trials demonstrating only
mild flu-like adverse effect” as a safety feature as
well as clear efficacy in tumor necrosis. Nonetheless,
it didn’t took much time for this enthusiasm to be
cooled down, since the antitumor response lasted
only few months and overall survival rate was not
prolonged compared with conventional surgery .

Other viruses such as West Nile fever, dengue
fever, yellow fever, and hepatitis were also investi-
gated for their availability®*. Despite these efforts,
none of them have shown outstanding result compare
to surgery and these viruses didn’t seemed useful
because biotechnology in those days was not so suf-
ficiently developed as today’s genetic engineering
®_ Clinical trials in those days did not elucidate the
promising features, rather reveal inherent obstacles
to overcome for OV immunotherapy to be used suc-
cessfully 9.

What makes the matter worse, conspicuous new

chemotherapeutic agents was introduced for cancer
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treatment in the 1970s and demonstrated the result of
increasing survival rate. Compared to this competi-
tor, OV immunotherapy for cancer treatment seemed
to have no significant advantages. Naturally, people’s
interest faded away for a while.

As advanced knowledge in medical bioscience
and biotechnology piled up, genetic engineering of
virus becomes possible, which made the OV im-
munotherapy regain its spotlight. Currently, design
and manipulation of viral genome has become the
standard approach for oncolytic virus development.
Typically, DNA viruses are used for this strategy.
One of them is T-VEC, the first FDA approved OV
biologics. A search of clinicaltrials.gov performed
as of April 1, 2016, listed approximately 40 clinical

trials recruiting patients for OV therapy™”.

Types of Viral Vectors

Most OVs are known to directly kill host tumor
cells although the precise mechanisms are still in-
completely understood. The direct Killing functions
are affected by targeting efficiency, replication rate
and host cell antiviral response elements **'? On the
other hand, OV’s lytic potential is up to the type of
virus, dose, viral tropism, cancer cell susceptibility
to cell death. Furthermore, each OV has its own way
of cellular entry. Most of OVs are engineered to im-
prove the oncolytic selectivity in these days.

A variety of viruses are under clinical investi-
gation ranging from linear single stranded (ss) tiny
parvovirus H1 of 5 kb'® to large double stranded (ds)
vaccinia virus of 190 kb'®. In addition to the 2 virus-
es, adenovirus (Ad), poxvirus®, type | herpes sim-
plex virus (HSV-1), coxsackievirus®™, retrovirus®,

poliovirus®®, measles virus®, vesicular stomatitis
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virus®, Newcastle disease virus® (NDV), reovirus
have been evaluated.

Most of clinical trials are in early-phase, but
several viruses entered into Phase Il stage. As mat-
ter stands today, it can be said that Ad and HSV-1 are
the most extensively studied. The discussion of this
part will be restricted to these 2 OVs with reovirus

worthy of recent note.

1. Adenovirus

In humans, approximately 50 different serotypes
of Ad have been found ?”. Adenoviridae are a family
of icosahedral, non-enveloped viruses with an ap-
proximately 30-40 kb linear dsDNA genome *®. The
capsid proteins disassemble inside the cell, resulting
in the subsequent nuclear import of the viral genome
) for initiation of viral transcription.

The oncolytic Ad has several biological proper-
ties including ease of production, oncolytic ability
and a large packaging capacity. As a result, it became
one of the most customizable vectors in clinical and
preclinical studies for cancer therapy. Deletion of
viral genes necessary for replicating in tumor cells
but not in normal cells is a main strategy to induce a
tumor-specific viral replicative lysis *.

The host cell transcription factor, E2F, which
is involved in cell cycle regulation, can activate the
transcription of the Ad E2 gene and this induces
p53-dependent apoptosis *”. To avoid its induction
of p53-dependent apoptosis, Ads produce a 55KE1b
protein which binds to p53*? and exports it to the
cytoplasm for degradation, thereby keeping the host
cell alive long enough for productive infection *.

Several oncolytic Ad utilizes E1B-55k-deletion
tactics including ONY X-015%, which was once con-
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sidered as a representative of this kind. E1B protein
is capable of binding to p53 and inactivating it. Inter-
estingly, McCormick® reported that ONYX-015*
replicates efficiently even in p53* tumor cells®®,
because of the tumor inhibiting p53 activity through
other mechanisms such as overexpression of the en-
dogenous p53 inhibitor, Mdm2, or the loss of p14*",
which downregulates Mdm2. Later, several clinical
trials showed that the antitumor effect of single ap-
plication of ONYX-015 was not ideal **?.

Recently, several clinical trials investigated
A24RGD(DNX2401), an integrin-binding retargeted
Ad®*. Another noteworthy new Ad is enadenotuci-
rev, which is fabricated on the Ad11/3 serotype , not
the common serotype Ad5. It is anticipated less sus-

ceptible to rapid neutralization than preexisting Ad*".

2. Herpes Simplex Virus

HSV-1 belongs to a member of the o herpes
virus family. HSV-1 is a dsDNA virus with a 152kb
genome and it replicates inside of the host nucleus.
The attractive property of this virus as OV candidates
is that it doesn’t cause insertional mutagenesis. In
wild type infections to normal cells, protein kinase R
is stimulated by ds viral RNA productions and block
protein synthesis by phosphorylation of eukaryotic
initiation factor 2 alpha (elF-2a). This virus contains
gamma34.5 gene which codes proteins for de-phos-
phorylation and reactivation of elF-2a to reverse this
situation. Consequently, gamma 34.5-deleted HSVs
are safe in normal cells due to the inefficient replica-
tion*.

Several studies use OV derived from genetically
engineered HSV (oHSV) strains, R3659 and G207,
with deletions in diploid y34.5 gene (Ay34.5 oHSV)
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) The oHSV is another widely tested OV in patients
next to Ad. In fact, a major contemporary focus of
OV immunotherapy pharmaceuticals has now moved
to this virus since the commercial release of T-VEC.
T-VEC are made from a JS1 HSV1 strain deleted for
ICP34.5 and y47, which is known to block HSV1
major histocompatibility complex class 1 antigen
presentation*?. It is engineered to express granulo-
cyte-macrophage colony-stimulating factor (GM-
CSF)*. According to phase 111 clinical trials, T-VEC
injection into tumor tissue demonstrated great effica-
cy in durable response rate in malignant melanoma

patients™ .

3. Reovirus

Reovirus is a non-enveloped dsRNA virus that
has inner core with icosahedral capsid in outer sur-
face. It replicates inside of the host cytoplasm. It is
known to activate protein kinase R pathways in nor-
mal cells, but not in RAS-transformed cancer cells®®.
Therefore, it has demonstrated oncolytic activity
against a range of malignancies in clinical studies,
including melanoma, glioma and ovarian cancers *".
Most people are commonly exposed to this virus.
It has critical advantages that it produces only mild
symptoms and enters human cells easily to activate
immune system*®*.,

To date, reovirus is one of the most clinically
advanced oncolytic viruses (OV), showing modest
efficacy in phase II clinical trials as a monotherapy
as well as a combination therapy across diverse solid

%050 According to one clinical study of

malignancies
prostate cancer, a significant number of tumor-infil-
trating CD8" T cells were found after reovirus injec-

tion, which means the reovirus has an immunothera-
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peutic feature in addition to direct oncolytic effect *2.
Oncolytic reovirus is marketed under the name
of Reolysin®. In 2015, it was designated as orphan

drug for the malignant glioma by the FDA.

Combination Therapies with Oncolytic Viruses
OVs can be combined readily with nearly all
kinds other cancer therapies due to its tolerable
safety profiles and modulating ability of tumor mi-
croenvironment****®. The supporting rationale was
based on the anticipation that OVs can target residual
cancer unaffectedly after conventional treatments.
This part introduces several promising strategies in

combination with OV immunotherapy.

1. Sunitinib

Sunitinib is an oral administered small-molecule,
multi targeted receptor tyrosine kinase (RTK) inhib-
itor. FDA approved Sunitinib for treatment of renal
cell carcinoma and imatinib-resistant gastrointestinal
stromal tumor. It is reported to inhibit cellular signal-
ing by targeting multiple RTKSs.

In combination therapy studies, sunitinib was
administered prior to reovirus. The study demon-
strated the improved immunotherapeutic efficacy of
reovirus by allowing sunitinib to precondition the
tumor microenvironment through downregulation of
immune suppressor cells *®. Although reovirus given
as a monotherapy reduced tumor burden substantial-
ly, the simultaneous use of Sunitinib led to a signifi-

cantly increased reduction in tumor volume *”.

2. Polymer-Coating
According to a recent study, Ad coated by lay-

er-by-layer deposition of ionic polymers (polyeth-
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yleneimine (PEI) and hyaluronic acid) was evaluated
whether the coating enhanced efficacy *”. They
reported that the infectivity of the virus increased
after multilayer coating in spite of the presence of an

anti-adenovirus antibody.

3. miIRNA-143

MicroRNAs (miRNAs) are endogenous non-
coding regulatory RNAs that inhibit gene expression
at the post-transcriptional level *®. Several studies
reported miRNA-143 was frequently down-regulated
and acted as a tumor suppressor in colorectal cancer
%959 The Kirsten rat sarcoma viral oncogene homo-
log (KRAS) is known as a frequently mutated gene
in colorectal carcinogenesis ®”. Recent computer se-
quence analysis exhibited that the 3’-UTR of KRAS
mRNA might represent a target of miRNA-143. The
recombinant virus using Ad and miRNA-143 was
constructed for tumor treatment **%9,

This strategy combined the advantages of both
gene therapy and OV therapy by using virus vectors
to harbor anti-cancer genes. Endogenous miRNAs
was employed to control viral replication *. Several
studies constructed Ads could replicate specifically
in tumor cells therefore infect and kill more tumor

cells while avoiding damage to normal cells **.

4. Gold nanorod

It was demonstrated that gold nanorod (GN-
R)-mediated mild hyperthermia enhances the cellular
uptake and consequent gene expression of oncolytic
Ad to head and neck tumor cells®®. The combina-
tion of oncolytic Ad expressing vascular endothelial
growth factor promoter-targeted zinc-finger protein

and GNR to enhance the antitumor effects.
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Considerations in development OVs as commer-
cial drug.

Currently, most studied OVs are ONYX-015
from Ad and T-VEC from HSV-1 and the latter is
approved by FDA "% |t will not be long before
next commercial OV biologics will be released in the
market. The designing strategy for OVs should be
focused on selective tumor targeting and attenuating
virulence since OVs are live viral particles in nature.
At the same time, effort should be made to limit the
immunogenicity of virus while increasing oncolytic
efficacy. In order for OVs to stand as a commercial
drug, a number of sophisticated strategies could be
applied with the aid of today’s state-of-the-art molec-
ular biotechnology”.

First, specific engineering of OVs is necessary to
target unique cancer cell surface receptors®. Utiliza-
tion of aberrant signaling pathways of cancer is also
important since a number of molecules are known
to be involved in virus accumulation and replication
in cancer cells’. The tumor clearance by anti-tumor
immunity is another available feature of OVs™. The
suicide gene could be incorporated into OVs, which
facilitates direct killing activity’”. Needless to say,
minimizing the antiviral immune neutralization is
essential because rapid clearance of OV limit the
drug’s effective duration’. Finally, bioavailability of
OVs should be enhanced®.

There are many adversities to overcome to
develop OVs as commercial drugs. Since OVs is a
kind of a new class of drugs as a biologics, they are
very different from chemically manufactured drugs.
For example, they are live viruses of proliferating
nature and it is very hard to find an effective dosage.

In other words, conventional pharmacokinetics and
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pharmacodynamics cannot be applied to the OVs.
Clinical trial designs should be modified for this kind
of new drugs. All the difference from standard drugs
may provoke regulatory issues regarding approval,
manufacture and commercialization.

More specifically, there are no universally ac-
cepted standards for biosafety considerations. OV
pharmaceuticals are mostly acquired by tissue culture
method and there are several requirements in this type
of manufacturing regarding high titer, pathogenicity,
purity. Although FDA published guidelines on those
general issues, they are often unable to cover all the

unprecedented and upcoming issues practically.

Future Perspectives

The advent of T-VEC and its clinical success
ignited the enthusiasm in the OV immunotherapy.
There are numerous ongoing trials to overcome or
avoid known weakness of OVs. However, the devel-
opment of OVs as therapeutic agents is never easy
to achieve. Special attention should be paid to where
there is no need in case of conventional drugs. In
addition, the ability of tumor cells to evade host im-
mune surveillance is quite challenging.

New technologies are on our side to surmount
these adversities. The clustered regularly interspaced
short palindromic repeat (CRISPR)-Cas9 was pro-
posed as an efficient tool especially for new OVs
with large genomes’™. Big data from microarrays,
next-generation sequencing as well as omics tech-
nologies, are expected to provide various aspects of
the immune response to viral infection. Mapping im-
mune changes over the course of OV immunotherapy
has the possibility to suggest important therapeutic

insights™. The recently introduced checkpoint inhib-
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itors are suggested that they have potency in wide
variety of cancers. The combination therapy with T

cell checkpoint inhibitor cast a promising prospect’”.

CONCLUSIONS
OVs represent a feasible source of biopharma-

ceuticals for cancer treatments and several of them
already proved their efficacy and safety in clinical
use. It is not only decrease tumor burden, but also
can prolong patient’s survival rate. It also showed
favorable risk to benefit ratio. Ad and HSV-1 are the
most studied ones and inhibitory effects are main
concern. Their application is expected to expand
along with the technological advances, particularly
in the combination approaches, although our current
knowledge and experience are not enough. Given the
multitude of development array of OVs, OV immu-
notherapy could be the most effective way to cure
this formidable disease.

The unique nature of these OVs can destroy can-
cer cells selectively without harming normal cells. At
the level of tissue or organs, it can be said that OVs
reverse tumorous tissues/organs to normal ones. ™.
Interestingly, it complies well enough to the para-
digm of regenerative medicine. Hopefully, maximum
number of patients could be benefited from this new
OV immunotherapy without permanent loss of func-

tion and morphology.
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