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What are the problems in brain 
tumor therapy?

• Survival for 
glioblastoma remains 
a year

• Tumor cells spread in 
normal brain tissue

• Eats away at that 
which makes us 
human

• Brain tumors 
suppress normal 
immune responses
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– Pt’s with gliomas 
demonstrate impaired 
immune function.

– Dendritic cells (antigen 
presenting cells) are pulsed 
with tumor protein to make 
a vaccine.

– DC introduces tumor 
associated antigen (TAA) to 
T-cells.

– Activation of T-cells to 
eliminate tumor cells.

Immune Status of Glioma Patients
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History of Immunotherapy

• 1796 Jenner introduces cowpox 
immunization to prevent smallpox infection

• 1879-1886 Pasteur introduces weakened 
chicken cholera bacterium and rabies 

• 1954 Salk introduced live attenuated polio

• 1982 Ab to treat human B-cell lymphoma

• 1988 TAA 
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Immune Status of Glioma Patients

• Suppressed function of immune cells

• Lower number of immune cells

• Higher number of suppressor cells

Antigen Presentation

• Glioblastoma cells are poor antigen 
presenters to the immune system

• Tumor-Infiltrating antigen presenting cells are 
defective
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What are Dendritic Cells?What are Dendritic Cells?

Small Component of white blood cell 
population, 

Antigen presenting cells that possess highest 
T cell stimulatory capacity

Gives the bloodhound the scent of the 
criminal’s clothes.  T cells are the 
bloodhounds that track down the tumor cells.

Dendritic cells: Initiators of the 
Immune Response
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Antigen presentation from tumor 
cells

Presentation to T cells in lymph 
node
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T cells multiply

T cells migrate from lymph node to 
tumors
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T cells kill tumor cells

Rationale for DC vaccination

• Optimization of dendritic cell 

activity and maturation.
–Greater dendritic cell yield
–Enhanced antigen processing, 

presentation activities
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Preliminary Studies

• Vaccination with antigen pulsed DC 
prolongs survival in rat glioma
model

• Allogeneic DC vaccination in a 
patient with brainstem glioma
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Hypotheses

1. DC vaccination will elicit peripheral 
T cell cytotoxicity.

2. T cells will migrate into and kill 
intracranial tumor.

3.  DC vaccination will prolong survival 
in malignant glioma patients.
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Phase I Trial of Antigen 
Pulsed DC Vaccination

• 10 patients with newly diagnosed GBM 
or AA

• Proteins eluted from cell surface of 
tumor grown in culture

• Mononuclear cells isolated by 
phlebotomy and differentiated to DC

• 3 vaccinations with antigen pulsed DCs
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Peptide-pulsed DC Phase I trial

1. Peptide pulsed Dendritic
Cell vaccination is safe.

2. DC vaccination elicits 
peripheral T cell cytotoxicity in 
4/6 patients.

3. T cells migrate into 
intracranial tumor in 2/4 
patients.

4.  DC vaccination prolongs 
survival in malignant glioma
patients compared to RTOG 
controls.
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Phase I Tumor Lysate Trial (Cancer Res. 2004)
post-vaccination

pre-vaccination

Phase I IFN-g CTL Study (with Target)
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Survival Study

• 7 study patients vs. 51 control patients

• Median survival 133 weeks vs. 30 weeks

• Long Rank p=0.003
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Conclusions

1. Tumor lysate pulsed Dendritic Cell 
vaccination is safe.

2. DC vaccination elicits peripheral 
T cell cytotoxicity.

3. T cells migrate into intracranial 
tumor.

4.  DC vaccination prolongs survival 
in recurrent malignant glioma
patients.

Survival Functions
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Patient 11 response to 
temozolomide
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Biological Endpoint
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 • Level of immune 
response correlates 
highly with extension 
of survival
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Progression Free Survival

6 Month PFS (95% CI):

9 Month PFS (95% CI):

12 Month PFS (95% CI):

Median PFS in Months:

BSG TRIAL
Newly Diagnosed (N=16: GBM)

93.8 (63.2, 99.1)

75.0 (46.3, 89.8)

62.5 (34.9, 81.1)

17.7 (11.1, 39.3) 

Overall Survival 

Only 4 out of 16 individuals have died. Median OR has not been
reached. However, the times to death for these individuals are
15.97,19.52, 22.54, and 28.58 months (median=21.03)
respectively from surgery.

Overall Survival and Progression Free Survival for BSG and Stupp Trial

censored

censored
BSG Trial

BSG Trial

Stupp Trial

Stupp Trial
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37

Immune Responses
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Time to Survival (Days) Progression-free Survival (Days)

35% response rate to date – lower than previous trials
>1.5-fold increase IFN-g production after vaccination = “responder” (tetramer/FACS) 
27% non-responders (33% responders) deceased or lost to follow-up
73% non-responders (33% responders) progressed
255 d shorter time to survival (318 d shorter PFS) in non- responders
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Vaccination and Chemotherapy
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Targeting Cancer Stem Cells: A Paradigm Shift 
in Treatment

• Resistant to 
chemotherapy and 
radiation. 

• Root of many tumors.

• Current therapies target 
proliferating and 
differentiating cells 
forming the bulk of the 
tumor but not quiescent 
CSCs.

Targeting CSCs may significantly delay or prevent 
disease recurrences

Chemotherapy

ICT‐121 with Chemotherapy
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Isolation of monocytes
from peripheral blood 

Generation of immature 
dendritic cells

Culture with 

IL-4 + GM-CSF

Pulsing of DC with peptides

Vaccination of the 
patient

Mature antigen-presenting 
dendritic cells

TARGETING CSC AND 
TUMOR ANTIGENS

Dendritic Cell Therapy for GBM
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Survival of rats vaccinated against 
CSC or daughter cells

Survival proportions
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P=0.0015

Xu et al., Stem Cells, 2009
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CSC primed T cells recognize 
Tumor-associated Antigens
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