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WHO Classification of Brain Tumor

David.N., et al., 2016
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Current Treatments For GBM

Surgical Resection

Radiation

Temozolomide (TMZ) 

chemotherapy

Aggressive &  invasive phenotype

Resistant to radiation

Resistant to chemotherapy

15 months 

Stupp et al; 2005 3



Immune landscape of Glioma

Vassiliki A ., et al., 2017

Neuron
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Immunotherapy
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GBM & Immunotherapy

Filley. A ., et al., 2017 6



Approaches to Glioma Immunotherapy

Therapeutic Vaccines

Peptide vaccines

Heat-shock proteins (HSP) vaccines 

Dendritic cell-based (DC) vaccines 

Oncolytic virotherapy

Chimeric Antigen Receptors (CAR) T cell therapy

Immune Checkpoint Inhibitors

Anastasie M., et al., 2017
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Therapeutic Vaccines

Michael .W ., et al., 2017

Peptide 

vaccines:

EGFRvIII -
specific 

vaccines

IDHR132H -
specific 

vaccines
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Therapeutic Vaccines

HSP vaccines

HSP-antigen 
complexes

contact with 
CD91

endocytosed 
into APC

CD8 + T cells 
stimulation

Driven 
immune 
reactions

Michael .W ., et al., 2017

DC vaccines 
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Completed Clinical Trials of 
Vaccination Therapy for Glioblastoma

Anastasie M., et al., 2017 10



Ongoing Clinical Trials of 
Vaccination Therapy for Glioma

Anastasie M., et al., 2017
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Oncolytic Virotherapy

Filley. A and Dey.M., 2017

Oncolytic viral vector that will selectively target, infect, and destroy
tumor cells.

12



Clinical Trials of Oncolytic Virotherapy
for Cancers
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Filley. A and Dey.M., 2017



Adoptive T Cell Transfer

Chimeric Antigen Receptors (CAR) T cell therapy

Fousek K., et al., 2015
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CAR T Cell Therapy

Pilot study

 1 patients with recurrent GBM

Intracavitary infusions of CAR T cells targeting IL13Rα2

Christine E., et al., 2016

Tumor regression
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CAR T Cell Therapy

Phase I/II study

Treatment Target

NCT01454596 EGFRvIII

NCT02664363 EGFRvIII

NCT02209376 EGFRvIII

NCT02208362 IL-13Rα2

NCT02442297 HER2

NCT01109095 HER2

NCT02575261 EPHA2

EGFRvIII : Epidermal growth factor receptor variant III

IL-13Rα2 : Interleukin receptor 13Rα2

HER2 : Epidermal growth factor receptor 2

EPHA2 : Ephrin type-A receptor 2 

Vassiliki A ., et al., 2017 16



Immune Checkpoint Inhibitors

Therapeutic monoclonal antibodies that intercept receptor–ligand 
interactions involved in regulating immune cell activity

Michael .W ., et al., 2017

Cytotoxic T lymphocytes 

associated protein 4 (CTLA-4)

Programmed cell death protein 1 

(PD1)

Programmed cell death 1 ligand 1 

(PDL1)
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Immune Checkpoint Inhibitors

Filley. A ., et al., 2017
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Immune Checkpoint Inhibitors

Nivolumab was well tolerated, but 80% of patients
who received combination therapy had adverse
events

The 10 patients who received Nivolumab alone had
a 75% 6-month OS rate, and the 10 patients who
received dual therapy had an 80% 6-month OS rate,
and both rates were superior to the rate reported in
historic controls

Sampson JH .,et al., 2015

CTLA4

PD1

PDL1

Ipilimumab

Nivolumab

Pembrolizumab

Atezolizumab

Durvalumab

Nivolumab alone versus Nivolumab plus 

Ipilimumab for recurrent GBM
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Gene Therapy
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Gene Therapy For Malignant Glioma

Approaches to gene therapy:

Suicide gene therapy

Oncolytic
gene 

therapy

Cytokine mediated 

gene therapy

Tumor 
suppressor 

gene 

therapy
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Kwiatkowska A., et al., 2013



Suicide Gene Therapy

 Cytosine Deaminase / 5-fluorocytosine (CD/5-FC)

HSV- Thymidine Kinase / Ganciclovir (HSV-TK/GCV)

Duarte. S., et al., 2012 22



Ongoing Clinical Trials For Gene 
Therapy Of GBM

Hidehiro.O., et al., 2014 23



Oncolytic Gene Therapy

Oncolytic gene therapy employs replication competent viral vectors 
in order to increase the toxicity and efficiency against the tumor

G207: conditionally replicating HSV mutant vector

Russell SJ.,et al.,2012 24



Oncolytic Gene Therapy

Mutant γ34.5 gene

Mutant UL39 gene 

Inactive ICP 34.5

Disrupting the enzyme RR

G207

Inactive ICP6

Aghi M.,et al.,2008
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Oncolytic Gene Therapy

Phase I clinical trial using G207:

 21 patients with malignant glioma

No treatment related toxicity or serious adverse events

A positive therapeutic response was identified in eight patients, and one 
patient survived 5.5 years after the treatment

Phase Ib study using G207: 

 6 patients with malignant glioma

No evidence of virus-related toxicities and G207 gene therapy

Three of the patients showed subsequent improvement and the overall 
survival was greater than 6 months

Markert JM.,et al.,2000 ,2009 26



Ongoing Clinical Trials For Gene 
Therapy Of GBM

Hiedehiro.O.,et al.,2014 27



Cytokine Mediated Gene Therapy

The principle of cytokine mediated gene therapy involves:

 Tumor selective gene transfer

 In situ expression of various cytokine genes such as IL-2, IL-4, IL-12

IFN-β,IFN-γ which can induce robust immune responses restricted

to antigens specific to glioma cells

Tobias A.,et al.,2013 28



Cytokine Mediated Gene Therapy

Pilot clinical trial

Transfer of IFN-β gene via cationic liposomes

The 5 patients with malignant glioma

 2 patients experienced more than 50% tumor reduction for at least 16 
months

Combined delivery of IL-2 with HSV-TK , intravenous GCV

 12 patients with recurrent malignant glioma

The 12-month PFS rate were 14% and OS rates were 25%

Although there was a marked increase of circulating IFN-γ, TNF-α, IL-2, 
and IL-10, only minor adverse events were noted.

Yoshida J.,et al.,2004 29



Tumor Suppressor Gene Therapy

Restoring the function of a tumor suppressor gene lost or functionally
inactivated in cancer cells

Hiedehiro.O.,et al.,2014
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Tumor Suppressor Gene Therapy

Ad5CMV-p53:

Phase I clinical trial of Ad5CMV-p53 gene therapy in recurrent 
malignant glioma.

Patients underwent stereotactic injection of the virus pre- and post-
resection through an implanted catheter.

Median PFS were 13 and OS were 43 weeks

 1 patient was alive more than 3years after treatment without evidence 
of recurrence

Limitations : insufficient gene transfer, lack of bystander effect

Lang FF.,et al.,2003
31



Comparison Of Gene Therapy Strategies 
For GBM

Hiedehiro.O.,et al.,2014
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Carriers For Gene Therapy

Tumorigenicity

unwanted differentiation

Angiogenesis (MSC)

Ethical problems (NSC,ESC)

Kwiatkowska.A., et al.,2013

AdvantageDisadvantage

Is safeLimited gene transfer 

efficiency

Synthetic vectors (Nanoparticle , Cationic Liposome)

Viral vectors ( Adenovirus, Lentivirus, Retrovirus, HSV)

Recombination with wild type strain

Stimulation of immune system

Mutation 

Limited migration

Good gene transfer efficiency

Cellular carriers (NSC, MSC,ESC)

Advantage
Disadvantage

Tropism potency

Advantage

Disadvantage
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Olfactory Ensheathing Cell

Olfactory Ensheathing Cell (OEC)

High migratory capacity

Differentiation from stem cells

Non-tumorigenicity behaviour

Lankford et al; 2014
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Bystander Effect

Spray,D., et al.,2013 36
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