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WhatWhatWhatWhat Are Are Are Are OncolyticOncolyticOncolyticOncolytic VirusesVirusesVirusesViruses

• Oncolytic viruses (OVs)
• Preferentially select cancer cells (viral tropism) as their 

cellular replication hosts
• Kill infected cancer and endothelial cells via direct 

oncolysis
• Indirectly kill uninfected cells

• Tumor vasculature targeting
• By stander effect

• Mechanism of actions of OVs via multimodal 
immunogenic cell death (ICD)

• Autophagy
• Efficient cross-present TAA
• Adaptive anticancer immunity
• Genetic engineered

• GM-CSF (T-VEC & Pexa-Vec)
• Toll-like receptor (TLR)



AutophagyAutophagyAutophagyAutophagy

http://www.nature.com/nature/journal



What Are Oncolytic Viruses

• Non-pathogenic in humans and viruses 
naturally replicate in cancer cells

• Autonomous parvoviruses

• Myxoma virus (poxvirus)

• Newcastle disease virus (Paramyxovirus)

• Reovirus

• Seneca valley virus

• Viruses can be genetically manipulated as 
vaccine vectors

• Measles virus

• Poliovirus (picornavirus)

• Vaccinia virus (poxvirus)

• Adenovirus

• Herpes simplex virus

• Vesicular stomatitis virus (rhabdovirus)



Why Use Oncolytic Viruses

• Oncolytic viruses can 
selectively (Tropism) infect 
and damage cancerous 
tissues without causing 
harm to normal tissues

• Tropism: the ability of a 
virus to recognize cell 
surface features that 
mediate viral genome entry 
into the host cell

• Each virus has a specific 
cellular tropism that 
determines which tissues 
are preferentially infected

• Rabies and polio to neurons
• Hepatitis A/B/C viruses
• HIV toward T-helper cells

Bartlett et al. Molecular Cancer 2013 12:103 doi:10.1186/1476-4598-12-103



Schematic representation of tumorSchematic representation of tumorSchematic representation of tumorSchematic representation of tumor----selective viral selective viral selective viral selective viral 

replication and replication and replication and replication and oncolysisoncolysisoncolysisoncolysis

David Kirn, et al. Nature Medicine 7, 781 - 787 (2001) 
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What is a Cancer Vaccine?

A preparation of a tumor antigen (usually protein) that upon 

administration stimulates tumor-specific antibodies and/or 

activation of T cells

Result: specific anti-tumor immunity

peptide(s)



Finn OJ. N Engl J Med 2008;358:2704-2715.

What are Tumor-Associated Antigens?

Three Ways for Self Antigens to Become Tumor Antigens

?Relationship between TAA expression and histologic differentiation?



Finn OJ. N Engl J Med 2008;358:2704-2715.

Tumor Antigens Eliciting T-Cell Immunity When Presented to 
Naive T Cells by Antigen-Presenting Dendritic Cells.



Finn OJ. N Engl J Med 2008;358:2704-2715.

Immunostimulatory and Immunosuppressive Forces in the 
Tumor Microenvironment.

The balance between the immunostimulation and immunosuppression



What is a Cancer Vaccine?

Lisa H Butterfield BMJ 2015;350:bmj.h988

Strategies & Types of

Cancer Vaccines

• Peptide-based

• APC-based

• Tumor-based

• Virus-based



When could cancer vaccines be useful?

• Cancer Prevention 
• HPV vaccine, HBV vaccine, etc.

• Cancer therapy
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T cell

Tumor cell lysis
Cytokine release

Tumor 
cell

TCR

MHC 
class I & II

Non-mutated  antigens  (normal or self-antigens)

���� Self Ags - ubiquitous, not tumor-specific (eg. actin, vimentin) > 98%

���� Tissue differentiation Ags (eg. gp100, Tyrosinase, MART-1/Melan-A)

���� Cancer / testis Ags (eg. MAGE, GAGE, NY-ESO-1)

���� Over-expressed in tumors (eg. KIT, HER2, HERV)

Tumor-Associated Antigens

Adapted from Dr. Gregory Lizee, Melanoma Med. Oncol.

Self

Foreign

Immuno-
genicity



T cell

Tumor cell lysis
Cytokine release

Tumor 
cell

TCR

MHC 
class I & II

Non-mutated  antigens  (normal)

Mutated  antigens  (aberrant), therefore, 
tumor-specific

���� Self Ags - ubiquitous, not tumor-specific (eg. actin, vimentin) > 98%

���� Tissue differentiation Ags (eg. gp100, Tyrosinase, MART-1/Melan-A)

���� Cancer / testis Ags (eg. MAGE, GAGE, NY-ESO-1)

���� Over-expressed in tumors (eg. KIT, HER2, HERV)

���� Single point mutations

���� Deletions / insertions / frameshifts

���� Fusion peptides / mis-spliced / intron translation

Tumor-Associated Antigens

Adapted from Dr. Gregory Lizee, Melanoma Med. Oncol.

Self

Foreign

Immuno-
genicity



LB Alexandrov et al. Nature 500(7463): 415-421 (2013) doi:10.1038/nature12477

The prevalence of somatic mutations across human cancer types



Mechanism of Action: Antigens

Snyder A et al. N Engl J Med 2014;371:2189-2199.



Paired Pretreatment and Post-Treatment Computed 
Tomographic Scans.

Snyder A et al. N Snyder A et al. N Snyder A et al. N Snyder A et al. N EnglEnglEnglEngl J Med 2014;371:2189J Med 2014;371:2189J Med 2014;371:2189J Med 2014;371:2189----2199.2199.2199.2199.

Clinical response to anti-CTLA4 
(Ipilumab) in a patient with 
cutaneous melanoma (BMS Data)



Mechanism of Actions: Neo-Antigens and Anti-
CTLA-4              Clinical Response

• Neoantigens landscape present in
melanoma 

• TCR cross-reactivity and positive 
selection in the thymus and sculpting 
by evolution in TCR

• HLA genes may have helped to mold 
the motifs

• T-cell–recognition motifs present in T 
cells that underlie immunotherapy 
response

• Previously exposed to organisms with 
antigens homologous to tumor 
neoantigens and may have 
undergone priming

Snyder A et al. N Snyder A et al. N Snyder A et al. N Snyder A et al. N EnglEnglEnglEngl J Med 2014;371:2189J Med 2014;371:2189J Med 2014;371:2189J Med 2014;371:2189----2199.2199.2199.2199.



Clinical Trials of Cancer Vaccines
415 open studies using cancer vaccines on 30JUL2015 (www.clinicaltrial.gov)



Clinical Anti-Cancer 
Responses

• MAGE-A3 is a tumor-
specific protein

• melanoma, non-small cell 
lung cancer, hematologic 
malignancies

• Expression of MAGE-A3 in 
lung adenocarcinoma were 
associated with shorter 
survival

• Targeting MAGE-A3:
• A fusion protein of MAGE-

A3 and Haemophilus
influenzae protein D, 
combined with a proprietary 
immunoadjuvant

Robert A. Morgan, et al. J Immunother. 2013 February ; 
36(2): 133–151.



MAGE-A3 TCR Related Neurologic Toxicity

• Neurological toxicities observed (patient 5, 7 & 8)

• Histological consistent with necrotizing leukoencephalopathy, 
multifocal correlating diffuse white matter damage (MRI 
images) with sparing of gray matter

Robert A. Morgan, et al. J Immunother. 2013 February ; 36(2): 133–151.



Mutated Peptides as Cancer Antigens



From Mutation to Vaccine: Genetically 
Engineer & “Amplify” tumor-specific, 

mutated antigens

adapted from Overwijk et al., JITC, 2013
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OV-mediated effects in tumor. 

E. Antonio Chiocca, and Samuel D. Rabkin Cancer Immunol Res 2014;2:295-300



Oncolytic polio virotherapy of cancer

Brown MC., et al. Cancer, 120 (21): 3277-3286, 2014

PVS-RIPO (C): a nonpathogenic oncolytic poliovirus recombinant underlying 
the pre-clinic and clinical development against glioblastoma



Oncolytic polio virotherapy of cancer

Brown MC., et al. Cancer, 120 (21): 3277-3286, 2014



Poliovirus Receptor CD155-
targeted Oncolysis of Glioma

Merrill, MK, et al. Neuro-Oncol. July 2004



The structure of the PVS-RIPO virus: 
The Virus particle consists of a protein shell (blue, red and green shapes) arranged 
in a symmetric structure. In this image, the particle has been "cracked open," to 
reveal the virus genome (yellow, pink), which is surrounded by the protein shell. 
The PVS-RIPO genetic code is based on the Sabin vaccine (yellow) with a piece of 
genetic information from a common cold virus spliced in (pink)

Duke University PVS-RIPO trial Eligibilities:  Recurrent glioblastoma 
patients with only one tumor. The tumor must be surgically accessible; the 

size must be no smaller than 1 cm and no larger than 5.5 cm, and the 
tumor must be located at least 1 cm away from the ventricles
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Effects of Radiation on Tumors

Wotchok, et al. Am J Clin Oncol, 38: 90-97, 2015



Cancer vaccines can be combined with various other treatments such as 
standard of care approaches, checkpoint blockade, immunotherapy, and 

strategies to reduce suppression. 

Lisa H Butterfield BMJ 2015;350:bmj.h988



Summary & Conclusions
• Oncolytic viruses (OVs)  can selectively replicate, thereafter, kill cancer 

cells with minimal risk of harming normal tissue

• Oncolytic viruses (OVs) can effectively induce immune response to 
themselves and to the infected tumor cells

• Oncolytic viruses (OVs) can be genetically engineered 

• Nonpathogenic

• Armed with immunomodulatory transgenes

• Oncolytic viruses (Ovs) provides a diverse platform for 
immunotherapeutic research and potentials for their clinical applications

• Cancer vaccines are both important in cancer preventions and therapies

• Cancer-specific immunity depends on

• Balance between host immunostimulation and immunosuppression

• The presence of tumor-specific antigen (neo-antigen)

• Mutation load and level of each neo-antigen expression

• Other factors



Thank You !!!

Questions: 
dwang1@hfhs.org
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Peptide-based Cancer Vaccines

79% clinical response
47% CR (>24 months)



Immune response can correlate with 
clinical outcome



Antigen: Lymphoma Idiotype (antibody)

conjugates to KLH

Adjuvant: GM-CSF





IL-2+gp100/IFA IL-2 p-value

Overall response rate 22.1% 9.7% 0.022

Progression free survival 2.9 months 1.6 months 0.010

Median overall survival 17.6 months 12.8 months 0.096

Schwartzentruber et al., NEJM 2011

gp100 peptide vaccine has activity in 
metastatic melanoma

Stage IV and locally advanced stage III melanoma patients

High-dose IL-2 +/- gp100 peptide in IFA (= water-in-oil emulsion)
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Phase III Trial of Ipilimumab Plus gp100 Vaccine Versus 
gp100 Vaccine Versus Ipilimumab as Second-line 
Therapy in Advanced Melanoma: Treatment Schema

3:1:1

(n = 403)

(n = 137)

(n = 136)

Primary endpoint: best ORR (original), changed to OS before unblinding/analysis

Secondary endpoints include: best ORR, duration of response, PFS, TTP

Hodi FS et al. N Engl J Med 2010;363:711-723

(Total 676 patients)
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Survival Rate Ipi + gp100 
N=403

Ipi + pbo 
N=137

gp100 + pbo 
N=136

1 year 44% 46% 25%

2 year 22% 24% 14%

Ipilimumab Improves Overall Survival 
compared to control

Ipi + gp100   (A)
Ipi alone       (B) 
gp100 alone (C)

1 2 3 4
Years

Hodi FS et al. N Engl J Med 2010;363:711-723


