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Concept of virotherapy for malignant tumors

Dates back more than a century!

Pasteur’s attenuated rabies vaccine
• Regression of cervical cancer after vaccination with Pasteur’s attenuated rabies vaccine 

(following a dog bite) (De Pace, Ginecologia (France) 1912:82-88)

• 8/30 patients with melanomatosis with regressive changes (Higgins and Pack 1951; Pack 1950)

Measles infection (naturally occurring) 
• regression in cases of Burkitt’s lymphoma and Hodgkin’s disease (Bluming and Ziegler 1971; 

Taqi et al. 1981)

Concern of serious adverse events and the rise of chemotherapy halted early progress



Concept of virotherapy for malignant tumors



Engineering viruses: a diversity of platforms
Differences: 
• DNA or RNA
• single or double stranded
• positive or negative sense
• 2-300kb
• 1-300 genes
• 20-1000 nm
• icosahedral to helical
• with or without lipid envelope, etc.
Naturally occurring viruses: vast diversity of life 
cycles, cell entry, replication mechanisms, cell and 
species tropism, cycle times, burst sizes, innate immune 
evasion, apoptosis, antiviral state prevention, immune 
combat strategies, modes of transmission, pathogenic 
mechanisms

Similarities:
• Dependence on the host cell to provide a 

suitable environment for genome amplification, 
gene expression and progeny virus production 

• Adaptation to a specific set of host cell 
conditions and factors such that propagation is 
precluded in cells that fail to provide the 
necessary environment. 

allow viruses to be targeted to cancer cells as a 
self-replicating antineoplastic therapy. 
Choice of platform by features that may lead to 
superior oncolysis: 

• replication kinetics
• genome plasticity
• Targetability
• seroprevalence and stability



Engineering viruses: a diversity of platforms

Advancements in molecular virology and genetics  modification of viruses for therapy

Viral therapy divided into two groups:
1) Replication-competent oncolytic viruses (OVs) Specifically infect a tumor cell and

induce tumor lysis through release of viral progeny and subsequent infection of
surrounding tumor cells

2)    Replication-deficient viral vectors  delivery mechanism for therapeutic genes





Delivery of OVs

• Drug administration: should be extremely controlled to produce a reliable, consistent and
predictable pharmacokinetic profile (absorption, biodistribution, metabolism and excretion)
and bioavailability.

• Natural viral infections are not controllable! (variable size of inoculum; host resistance
varies from person to person; kinetics of the adaptive immune response differ greatly
between individuals.  range from asymptomatic seroconversion to full blown
disease.

• Delivery of OVs as traditional drugs: introducing a highly concentrated virus inoculum
into the body via oral, intravenous (IV), intranasal, transdermal, subcutaneous or
intramuscular. The dispersion of the inoculated virus, or its progeny, takes it to the
targeted cancerous tissues.

• self-amplification and spreading after delivery; peak concentration may not be reached
until sometime after the treatment is administered.















Viral spread

Targeting viral spread to tumor cells can be accomplished by
• transductional targeting (modifying receptor tropism)
• transcriptional targeting (controlling virus gene expression with tumor-specific promoters)
• physiologic targeting (disrupting viral immune combat proteins)
• apoptosis targeting (disrupting viral antiapoptotic proteins) 
• miRNA targeting.



Arming viruses with transgenes

The addition of transgenes allows tumor cells that escape viral infection to be killed by 
bystander effects or be better targeted by the immune system. 

Incorporation of 
• secreted toxins
• prodrug convertases 
• immunostimulatory proteins 

 increase of treatment efficacy



Safety

Careful steps must be taken to avoid the creation of OVs that might evolve to become 
serious pathogens.

Contingency plans to terminate the spread and/or transmission of an infection can increase 
clinical confidence in viral therapy. 

Ideally, OVs should be nontransmissible!



Nonstandardized
• Simple injections (direct intratumoral/resection bed): bypassing BBB (+), high local

concentration of virus (+), invasive nature (-), single dose delivery (-), limited total volume
(-), virus reflux out of the injection tract (-)

• Convection-enhanced delivery: continuous virus delivery (+), higher volumes/requires
lower titers (+), greater volume of distribution (+), minimizing reflux and spill into CSF 
spaces (+), need for invasive and complex surgical procedure (-)

• Systemic vascular delivery (intra-arterial and i.v.): BBB (-), high dose of virus (-), innate
immune response (-), no need for invasive procedures (+)

Administration of oncolytic viral therapy
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PD-1 (Programmed death protein 1; CD279) 
PD-L1 (PD-1 ligand; CD274)
• PD-1: down-regulating the immune system and promoting self tolerance by suppressing T 

cell inflammatory activity

• PD-L1: is upregulated on macrophages and dendritic cells (DC) in response to LPS and 
GM-CSF treatment, and on T cells and B cells upon TCR and B cell receptor signaling, 

• Several human cancer cells expressed high levels 

• Blockade of PD-1:PD-L1 interaction reduced the growth of tumors in the presence of 
immune cells (Pembrolizumab)

• Treatment with anti-programmed death protein 1 (PD-1) or anti-PD ligand 1 (PD-L1) 
antibodies results in long-lasting antitumor responses in patients with a variety of cancers 
 standard of care treatment for patients with metastatic melanoma, carcinomas of the 
head and neck, lung, kidney, and bladder, Merkel cell carcinoma, and Hodgkin disease



Talimogene laherparepvec
• genetically modified herpes simplex virus type 1 designed to selectively replicate in 

tumors and produce granulocyte-macrophage colony-stimulating factor (GM-CSF) to
enhance antigen release, presentation, and systemic antitumor immune response

FDA approval for metastatic melanoma

Dual mechanism of action:
1) direct killing of infected cancer cells
2) crosspriming of anticancer immunity boosts killing of uninfected cancer cells

Combination with immune checkpoint inhibitor antibody therapy is superior in
subsequent clinical studies!

© 2017 Amgen, Inc.



Hypothesis

• Intratumoral administration of an oncolytic virus optimized to attract immune cells might 
favorably change the tumor microenvironment in the injected lesions and increase CD8+ 
T cell infiltration. 



Melanoma Study Design and Clinical Response to 
Combination of Talimogene Laherparepvec and 
Pembrolizumab

Phase 1b study design schema. Stars indicate 
the time of scheduled tumor biopsies CT-scans of two patients with response to the combination 

therapy. Melanoma metastases are marked with a blue arrow at 
baseline.

Waterfall plot of best response change in tumor burden from baseline. 

Change in tumor burden over time.

Kaplan-Meier analysis of progression-free survival.               Kaplan-Meier analysis of overall survival.



Changes in Tumor Burden at Lesion Level



Combination of Talimogene Laherparepvec and 
Pembrolizumab Is Effective in Patients with Low Tumor 
CD8+ Density CR = complete response

PR = partial response

PD = progressive disease

Baseline PD-L1 by IHC status (1% cutoff) and IFN-g signature score by NanoString
analysis. Best overall response per investigator is shown as of cutoff date of August 
2016. 



Talimogene Laherparepvec Increases Tumor CD8+ 
Density in Patients Responding to Combination of 
Talimogene Laherparepvec and Pembrolizumab

associated with the cytotoxic 
subset of CD8+ T cells and
natural killer cells



Talimogene Laherparepvec Increases Tumor-Infiltrating
Lymphocyte Density and PD-L1 Expression in Tumors

A subset of changes at week 6 from baseline in marker cell positive cell density for results with 
statistical significance

Twelve-color immunofluorescence staining was performed on a single slide from paired pre- and post-talimogene laherparepvec tumor biopsies from each of 
13 patients. Markers evaluated included S100 (as melanoma segmentation marker), CD3, CD4, CD8, PD-1, PD-L1, CTLA-4, CD45RO, Foxp3, CD56, CD68, 
and CD20.



Circulating T Cell Subsets and Expression of Activation 
Markers

B- and T-lymphocyte attenuator protein

molecule expressed on IFN-g-producing CD8+



Conclusion





In vivo evaluation of medulloblastoma 
dissemination and disease progression

D283luc (1 × 106 cells) or D425luc (5 × 105 cells) were injected into the right lateral ventricle of 5-week-old
Hsd:Athymic Nude-Foxn1nu mice



Mouse brain following injection of 
medulloblastoma cells

D283luc D425luc



In vivo evaluation of antitumor activity of 
measles virus (MV)

UV-inactivated form of 
the virus (UV-MV). 



Antitumor effect of measles virus (MV)

1 × 106 pfu of MV or the 
same dose of UV-MV
Fourteen days post tumor
implantation 

1 × 106 pfu of MV or the 
same dose of UV-MV
Three days post tumor
implantation 



medulloblastoma
luciferase-expressing cell
line, D425luc

Antitumor effect of measles virus (MV)



Conclusion

• Inoculation of MV directly into the CSF via the lateral ventricle significantly increased the 
survival of animals presenting with disseminated medulloblastoma.

• Intravital bioluminescent imaging provided a means by which disseminated 
medulloblastoma could be evaluated and a method to monitor tumor response to MV 
therapy. 

• Evidence of MV infection at tumor deposits distant from the site of MV inoculation, 
concomitant with an increase in animal survival, demonstrated that modified MV has 
therapeutic potential for disseminated medulloblastoma. 

• Additional studies, including evaluating the toxicity of MV injection directly into the CSF of 
previously immunized, immunocompetent, nonhuman primates will need to be completed 
prior to using the virus in a clinical trial for the treatment of disseminated 
medulloblastoma. 



Taken together…



Delivery of OVs

• OVs do not obey conventional pharmacological principles due to their ability to be 
biologically amplified after administration.

• Intravenous delivery allows a virus to reach distant sites of metastasis via the circulation, 
but extravasation into the tumor parenchyma is inefficient.

• Intratumoral injection can concentrate virus at a site of tumor growth, but regression of 
distant tumors requires that the virus spread systemically or induce a systemic antitumor 
immune response.

• Neutralizing antibodies, hepatosplenic sequestration of the virus by macrophages and 
dilution of the virus in blood or tissue may limit the effectiveness of treatment.





Critical factors for succsessful oncolytic viro-
therapy
• distinct and well-defined mechanism of tumor selectivity,
• strong cytolytic potential with low nontumor toxicity, 
• potential for systemic application, 
• rapid replication cycle with swift intratumoral spread, 
• accessibility to genetic engineering, 
• easy manufacturing and high-titer stock production, 
• availability of antiviral agents to control unwanted viral spread, 
• genetic stability, 
• no preexisting immunity/bypass preexisting immunity
• stimulation of anti-tumor immunity.
• Safety!



Malignant glioma

Most common primary brain tumor
• WHO Grade III and IV 
• standard of care: maximal safe surgical resection followed by radiotherapy with 

concomitant and adjuvant temozolomide

Features of malignant gliomas
• physiologic isolation of the tumor due to the blood–brain barrier
• infiltrative nature
• relative immune privileged status of the brain
• relative resistance to traditional radiation and chemotherapies
• cancer stem cells with the ability for self-renewal and resistance to conventional therapy



GBM and oncolytic virotherapy

1. GBM nearly exclusively confined to 1 organ compartment, distant metastases not 
characteristic of the disease (OVs: potential local replication and intratumoral spread). 

2. GBM grow surrounded by mostly postmitotic cells (attractive for viruses that require 
active cell cycles for replication).

About 15 viruses have been considered and examined for glioblastoma targeting!
7 have advanced to clinical trials (HSV, adenovirus [AdV], Newcastle disease virus [NDV], 

reovirus, H1 parvovirus, measles virus [MV], and poliovirus [PV])
several others are at advanced preclinical stages



Oncolytic virus therapy for glioblastoma

Timeline of OV development for glioblastoma therapy. 



Mechanisms for selective oncotropism and 
oncolysis



Conditionally Replicating Adenovirus

• Adenovirus: double-stranded, nondeveloped
DNA virus, medium-sized (~70-100 nm), 
icosahedral nucleocapsid 

• Common human pathogen, more than 50 
adenovirus types (HAdV-1 to 57) in seven 
species (Human adenovirus A to G) 

• The Ad5 capsid is composed of three major 
proteins (II, III, and IV) and five minor proteins 

• Entry into host cells is initiated by the binding of 
fiber protein to the coxsackie and adenovirus 
receptor (CAR), which is expressed on the 
surface of many cell types 

• mild respiratory infections, conjunctivitis, 
gastroenteritis, etc. Viruses. 2014 Sep; 6(9): 3563–3583. 

Published online 2014 Sep 24. doi: 10.3390/v6093563
The Adenovirus Genome Contributes to the Structural Stability of the Virion
Bratati Saha,1,2,3 Carmen M. Wong,1,2,3 and Robin J. Parks1,2,3,4,*



Thank you!

• Questions?
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