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What are the problems in brain
tumor therapy?

= . 3 ° 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




Immune Status of Glioma Patients

— 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.
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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




Immune Status of Glioma Patients

o 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




What are Dendritic Cells?

Y Small Component of white blood cell
population,

G Antigen presenting cells that possess highest
T cell stimulatory capacity

g 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




Antigen presentation from tumor

Presentation to T cells in lymph




T cells multiply

T cells migrate from lymph node to
tumors




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




Preliminary Studies

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

* Allogeneic DC vaccination in a
patient with brainstem glioma

! RESULTS: Animal survival data
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Hypotheses

DC vaccination will elicit peripheral
T cell cytotoxicity.

T cells will migrate into and kill
intracranial tumor.

DC vaccination will prolong survival
in malignant glioma patients.

Dendritic Cell Immunotherapy I
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Phase | Trial of Antigen
Pulsed DC Vaccination
* 10 patients with newly diagnosed GBM
(o] g/AVAN

 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

dendritic cell

Cytokines

GM-CSF, IL4
in culture
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tumeor antigens

Peptide-pulsed DC Phase | trial

1. Peptide pulsed Dendritic
Cell vaccination is safe. Conc

er Research

Fre opccination

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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! I Human Trial Dendritic Cell Immunotherapy:
3~

Cultured tumor cells ex vivo

or
Direct tumor lysate
rotein)

tumor antigen
Dendritic cells (Protein)

Phase | Tumor Lysate Trial (Cancer Res. 2004)
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Survival Study

7 study patients vs. 51 control patients
* Median survival 133 weeks vs. 30 weeks
e Long Rank p=0.003
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Conclusions

Tumor lysate pulsed Dendritic Cell
vaccination is safe.

DC vaccination elicits peripheral
T cell cytotoxicity.

T cells migrate into intracranial
tumor.

DC vaccination prolongs survival
In recurrent malignant glioma
patients.

Survival of CTL responders

Survival Functions Survival Functions
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CTL respons
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CTL response Sample size Median weeks  Statistical difference CTL response Sample size  Median Statistical

No 10 54 b3 &

Yes 7 96 P=0.017 Yes 16
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Distribution Functian

Surwival

Chemotherapy = -
Vaccine —
Vaccine + Chemotherapy =

1000 1250 1500 1750

days

Patient 11 response to
temozolomide

Pre-resection Post-resection Post-vaccine Post-chemo
Pre-vaccine Pre-chemo
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e Level of immune
response correlates
highly with extension

Biological Endpoint

of survival

post-vaccine response
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survival from surgery

Anligem HLA-restriction Epitape Seque nee DMected Sumples
MAGE-1 Al EADPTOHSY -7, U-11R8, 1-373, U-138, TRB01, TR-E02, TR-R03,
Primary pliomn cells
AR Al RSDSGOOARY U-K7, U-118, 1373, U-138, 1R-802,
(Mon-spliced) Normal bruin tissue, Primary gliomn cells
(Spliced) Al %ol shown U-B7, U-118, U-373, U-138, TR-B802,
Narmal bruin tissue, Primary glioma cells
Epl0l A2 ITIVIFSY 187, U138, [R-B0)1, IR-BiL3
Normal bruin tissue, Primary gliomn cells
HER-2 Al KIFGSTAFL I.B7. U-118, TR-B01, TR-B02, TR-BN3
Normal bruin tissue, Primory gliomu cells
TRP-2 Al SVYDFFVWILL Primary plioma eclls
GALT3 A2 TIMAFRWYT R2-17, U251, KINGS. 1, T98-G, KALS-1, KNSAN,
IN'SHINLVIRI BNSR L, ONST6, Nonmul brain tissue,
NLLKVNIHI
ARFIL Al FLPTHFQALHY SF-126, B2-17, U-25], KINGS-1, T986, KALS-1,
ALHVVVIGL KNEG0, KNSE], Normal bruin tissue,
CITFOVWINY
IL-13Re2 Al WLPFLFILL U251, SNR1S, T98-G
Normul hruin lissue, Primary gliomn cdk
BART-1 Ald EYRGFTODF KNE-R], KALS-1, Mormul brain tissue,
Primary plioma cells
SART-A AN Mol shown licma eell lines, Normal hrain Hssoe,

Primary plioma eclls

Table 1. CTL-recognizing TAAs in glioma cells
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Prabability of Cverall Survival (96

Probability of Progression Free Survival (%)

BSG TRIAL
Newly Diagnosed (N=16: GBM)

Progression Free Survival

6 Month PFS (95% CI): 93.8 (63.2, 99.1)

9 Month PFS (95% Cl): 75.0 (46.3, 89.8)

12 Month PFS (95% ClI): 62.5 (34.9, 81.1)

Median PFS in Months: 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.

w
[w]

(o))
o

1
20
Months

O censored

Q© censored

18



outcomes in immunological
responders, non-responders

immune response
magnitudes vs.
outcomes in responders,
non-responders

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 followup
73% non-responders (33% responders) progressed

255 d shorter time to survival (318 d shorter PFS) in nonresponders |mm UnOCellulQr
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Survival

Vaccination and Chemotherapy

Chemotherapy ==
Vaccine —
Vaccine + Chemotherapy —

T T T T
1000 1250 1500 1750

days




Targeting Cancer Stem Cells: A Paradigm Shift
in Treatment

ICT-121 with Chemotherapy

Resistant to
chemotherapy and
radiation.

Root of many tumors.

Chemotherapy

Current therapies target

proliferating and

Targeting CSCs may significantly delay or prevent
disease recurrences

tumor but not quiescent

CSCs.
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Dendritic Cell Therapy for GBM

Pulsing of DC with peptides . .
Generation of immature Mature antigen-presenting

dendritic cells dendritic cells
S TARGETING CSC AND
;‘ i '= * TUMOR ANTIGENS

° Vaccination of the

oo o patient

Culture with
IL-4 + GM-CSF

Isolation of monocytes

from peripheral blood ]mmunoCellulor
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Survival of rats vaccinated against
CSC or daughter cells

CSC primed T cells recognize
Tumor-associated Antigens

IL-13R alphaZ SOX-2

PE-HLA-A2 Tetramer

FITC-CD8
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