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Oncogenic viruses <

> Oncolytic virus

Viruses that can induce tumor
formation

* Two main groups:

* RNA tumor viruses (e.g., Retroviridae)

* DNA tumor viruses

* Examples of oncogenic DNA viruses:

* Poxviruses

e Papillomaviruses
* Herpesviruses

e Polyomaviruses

Viruses that selectively infect and
destroy cancer cells

Do not harm normal healthy cells
Can be:

v Naturally occurring, or

v' Genetically engineered

Basis of oncolytic virotherapy
Promising approach in cancer
treatment over the past two
decades




History of viral oncolysis

1904 — First clinical observation
« George Dock reported remission of myeloid leukemia
* Occurred after influenza virus infection

Early experimental evidence
* Levaditi and Nicolau demonstrated that vaccinia virus
Inhibits tumor growth
* Proven in mice and rats

1950s-1960s — Early clinical trials
« Multiple viruses tested
« Selected for ability to replicate in tumor cells
« Conducted after tissue culture adaptation



Difficulties of oncolytic virus therapies

Advantages Challenges

v'Rapid immune clearance

L, .
Can be administered - Neutralized by antibodies

intravenously

v'Potentially effective against v'"Removal from bloodstream
metastatic cancers - Cleared by liver cells (e.g.,
v'Useful where conventional Kupffer cells)

therapies are less effective
v'Reduced therapeutic efficiency

- Virus may not reach tumor in

sufficient amounts




Immunotherapy with oncolytic viruses

Mechanism of action:
* Selectively infect and lyse cancer cells
* Provide direct tumor destruction

* Can be genetically modified to:

- Deliver anticancer genes (e.g., p53)
- Enhance therapeutic effect

Types of oncolytic viruses:

1. Engineered viruses (most common): Designed for
tumor selectivity

2. Naturally occurring viruses: Parvoviruses, Seneca
Valley virus (SVV), Myxoma virus, Reovirus, Newcastle

disease virus (NDV)
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Major Oncolytic Virus Platforms in Cancer Therapy

* Multiple viral platforms are
used in oncolytic virotherapy

. . . | |
e Each virus differs in: genome T S £
type (DNA vs RNA) structure I 1 . I | |
(enve|oped VS non-enveloped) Capsid symmetry Icosahedral Complex Icosahedral Helical

.. - |
clinical application | |

Envelope Naked Enveloped Enveloped Naked Enveloped
* Key examples: ' |
v Herpes Slmplex VIrus (HSV) Family Adenoviridae  Herpesviridae  Poxviridae Reoviridae Picornaviridae Rhabdoviridae Paramxyoviridae
—> clinically approved (T-

VEC)

v Adenovirus - widely used,
easy to engineer

v' Measles virus > promising

. Virus Adenovirus HSV-1 Vacciniavirusand  Reovi Poliovi VSV MV and NDV
vaccine-based approach R e o
v" Reovirus, NDV, VSV > Genome size (kb) 36-38 120-200 130-280 227 72-84 136 16-20

natural tumor selectivity

Nature Reviews | Microbiology
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Anti-tumor mechanisms of oncolytic virus
therapy - beyond simple tumor cell lysis
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Enhancing cancer therapy: the integration of
oncolytic virus therapy with diverse treatments

Cold Tumor Hot Tumor

* DNA and RNA viruses serve as
tools for genetic manipulation,
enabling the creation of Ovs

* Various approaches facilitate

; , OVs reaching tumors

SO g Mensic  Siem : o * The OVs transform

immunologically “Cold” tumors
into “Hot” tumors through
oncolysis and immunological
anti-tumor activities

* The combination of OVs with
traditional therapies.

* Genetically engineered OVs
cause damage to tumor cells
through various means.

STRATEGIES & DELIVERIES

Metabolic
reprogramming

Small Therapeutic gene  Amplification of Nutrient/oxygen
molecules Oncolysis deprivation




Optimizing oncolytic viruses

Key requirements:
* Not pathogenic, but can infect human cells
* Low toxicity to normal tissues

* Genetically modifiable
v'Allows insertion of therapeutic genes
v'Enables monitoring of viral spread

Selective replication in cancer cells

Oncolytic virus
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Optimizing oncolytic viruses

Key features:
v'Rapid replication
v Efficient cell lysis

v'Fast spread between
tumor cells

v'Clinical requirement:
Can be administered
systemically

Advantages:

v' Amplifies therapeutic effect

v’ Spreads faster than
immune response

v’ Enables cell-to-cell

transmission
v’ Limits systemic exposure

Selective replication in cancer cells

Oncolytic virus
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Optimizing oncolytic viruses

Immune function
v'Acts as a potent adjuvant

v'Can function as an
anticancer vaccine

v'Induces long-term anti-
tumor immunity

v'Helps control metastases

Safety

v Does not integrate into
host genome

v' Minimizes risk of genetic
recombination

v’ Replicates preferentially
in tumor cells

Selective replication in cancer cells

Oncolytic virus
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Clinical Status of Oncolytic Virus Therapy

o ®
'.-'IMLYGIC e it i
Ap p rove d t h e ra py: T_ (talimogene laherparepvec) {25401 o IMLYGIC” Is Different IMLYGIC® Results Treatment With IMLYGIC Resources and Support
10% PFU/mL and 10" PFU/mL single-dose vials

VEC (Imlygic)

Approve d for IMLYGIC® takes the fight to advanced melanoma tumors
melanoma (FDA &
EMA)

Injected directly into
tumors

Causes tumor lysis +
, . .~ IMLYGIC® HAS RESULTS THAT LAST FOR 6 MONTHS
Immune activation OR LONGER'

{

https://www.imlygic.com/efficacy-clinical-trial-results



https://www.imlygic.com/efficacy-clinical-trial-results

Clinical Status of Oncolytic Virus Therapy

* Delytact was approved
by the Japan’s Ministry
of Health, Labour and
Welfare (MHLW) which
granted conditional
approval to Daiichi
Sankyo’s (Japan)
oncolytic virotherapy
Delytact for the
treatment of malignant

glioma on 11 June 2021.

Laser interstitial thermal therapy

Implanted reservoirs
* Chemotherapy

* Neural stem cells

* CAR-T cell therapy

Intra-arterial delivery
~ * Antibodies
X * Chemotherapeutics
v * Viral vectors




Oncolytic Virotherapy in Glioma Treatment

* Glioblastoma is one of the most aggressive brain tumors, with poor
prognosis. Therefore, novel approaches such as oncolytic virotherapy
are being actively investigated.

* Limited effectiveness of: surgery, radiotherapy, chemotherapy

* Advantages of Oncolytic Viruses in Glioma
v'Selective infection of tumor cells
v’ Ability to cross or bypass BBB
v’ Induce tumor cell lysis
v'Activate anti-tumor immunity
v'Can be genetically engineered




Oncolytic Virotherapy in Glioma Treatment

ONCOLYTIC VIROTHERAPY
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Oncolytic Virotherapy in Glioma Treatment

Adenovirus
promotes
extracellular matrix
degradation and T-
cell recruitment

Reovirus selectively
replicates in RAS-
activated tumor
cells by suppressing
PKR, activating NK
cells, CD8+ T cells,
macrophages, and
dendritic cells.

Mechanistic Overview of Oncolytic Viruses in GBM: A
Comparative In Vivo Approach
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Herpes simplex virus
downregulates the
AKT/IL-6/STAT3
pathway, sensitizing
GBM cells to
radiotherapy.

Measles virus
infects CD46-high
tumor cells,
releasing PAMPs
and enhancing
phagocytosis by
dendritic cells.



Non-Viral Oncolytic Strategies

Oncolytic Bacteria for Treatment-Resistant Glioblastoma
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Limitations of Oncolytic Virus Therapy

* Immune neutralization
- Viruses are inactivated by neutralizing antibodies

* Rapid clearance
- Removed from bloodstream by liver (Kupffer cells) 4 \

* Reduced delivery efficiency
- Limited amount of virus reaches the tumor

~>
N

* Clinical implication \
- Systemic administration is challenging /’
- May reduce overall therapeutic effectiveness



Limitations of Oncolytic Virus Therapy

Systematic Absorption by Circulation Tumour microenvironment
administration the liver Interstitial

Neutralizing antibodies Infiltrating fluid pressure

, ﬁ' leukocytes
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Complement
Cytokine

] ] ] production
The virus is rapidly cleared by {
the |IVET | - P\
Neutralized by antibodies :q. ~—_— Extracellular

. trix/
Attacked by the immune #‘ ﬂ/ﬁf stromal cells
system
Even if it reaches the tumor, s
the microenvironment creates
additional physical and Tumour perfusion and
. . vascular leakiness

biological obstacles |




https://create.kahoot.it/details/oncolytic-
viruses-from-bench-to-bedside/d5076b2c-
74d6-41d7-b528-0940f6a1f003?drawer=
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