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Cancer Immunotherapy

CANCER BIOLOGY
April 15, 2009

Can the immune system be 
harnessed to fight cancer?

• Can the immune system see cancer?
• What is the best way to turn on the 

immune system to fight cancer?
• Which cells of the immune system 

can destroy cancer?

Immunotherapy 
Can Work!

Objective responses 
Have been rare!

RCC pt 7 years out
From IL-2 
Surgery Branch, NCI

What is it? Immunotherapy

Active-specific immunotherapy
vaccines�

Adoptive immunotherapy 
(passive transfer)
Transfer of active reagents/cells to 
the tumor-bearing host 

Turning “on” the Immune System.. 

 Tumor
 vaccine

CURE

Turning “on” the Immune System.. 
Model of effector T cell priming - 1990s 
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How can we model something as 
complicated as the 
immune system and cancer?

Animal tumor models provided key 
evidence that encouraged investigators to 
move forward with clinical trials

Screen for Induction of Anti-Tumor Immunity
Tumor  
 Cells 

Cytokine 
Vaccine 

Tumor  
 Challenge 

Cytokine 
Gene 

Cytokine 
Retrovirus 

Determine 
 Survival 

γ  Irradiation 

7 
days 

GM-CSF Induces the Greatest Anti-Tumor Immunity
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Mechanism of Action of GVAX® 
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Cancer Immunotherapy - Vaccines

 • Peptides, Proteins +/- cytokines 
 • viral vectors +/- cytokines 
 • Autol / allo Tumor +/- cytokines

 • Dendritic Cells + Tumor (lysates)
 (only pediatric patients?)

Cancer Vaccine Approaches



4/15/09

3

Rosenberg, SA et al. Nature Medicine, 10:9, Sept 2004 

Cancer Immunotherapy - Vaccines

•  Cancer Vaccines  - 
  Do Not Work! 

Peptides, proteins, TAA viruses, 
DC pulsed with TAA.

 Or??  The way they “were” given didn’t
induce an immune response that was
sufficient to see a therapeutic effect.
 

Cancer Immunotherapy - Vaccines

•  Some small studies with complex vaccines
 “appear” to have worked..   WHY??

• Gene-modified tumors expressing “sufficient”
 GM-CSF…

  • But only with autologous vaccine?

Autologous tumor vaccine - patient’s tumor

1) Genetically engineered whole tumor cells 
NSCLC, Melanoma, Renal, Myeloma, other

2) Antigen (HSP) from whole tumor cells:
 Melanoma, Renal, other

Autologous tumor vaccine - patient’s tumor
Whole Cells - Gene-modified or….

Advantages:  Everything that the tumor has should 
be expressed by the vaccine - unique 
antigens -

Disadvantages:  Need tumor, variability, Hard!

Requirements: Need Team of investigators to 
make it work!  Some positive results - 

BUT.. not an easy commercial platform..  
MAY become domain of Departments 
Surgery, Radiation Oncology, BMT. 

surgeons, pathologists, oncologists, scientists, Inc, FDA, ..

Clinical Trial - 
Autologous Tumor Vaccine

Tumor 
vaccine

mti 163

Harvest 
Tumor

Engineer tumor
Sterility
Irradiation
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NSCLC GM-CSF gene-modified
GVAX  Autologous Tumor Vaccine

NSCLC
Tumor Vaccination

Transduce
GM-CSF
Sterility

J Natl Cancer Inst. 2004 Feb 18;96(4):326-31.

GVAX® Lung Cancer Vaccine �
Adverse Events

•  Vaccines well tolerated
•  No dose limiting toxicity
•  Most common adverse events

–  grade 1/2 vaccine site reactions (erythema, edema, pruritis, pain)
–  grade 1/2 constitutional symptoms (fever, chills, fatigue, myalgias)

•  Serious, possibly related adverse events
–  dehydration necessitating brief hospitalization
–  progression of pre-existing pericardial effusion
–  pneumonia responsive to antibiotics

GVAX® Lung Cancer Vaccine 
Vaccine and Tumor DTH reactions 

Vaccine Site Reaction Autologous Tumor DTH Reaction 

Tumor Response Data�
Summary

•  42 initiated vaccinations
–  32 evaluable (received > 3 vaccines) (9 cohort A; 23 cohort B)
–  4 ongoing (1 cohort A; 3 cohort B)
–  6 nonevaluable (all cohort B)

•  Response data

23

GVAX® Lung Cancer Vaccine�
Summary of Responders

Baseline (3/10/00)

Post Treatment (8/2/00)

Complete Tumor Response 
Patient VFD (bronchoalveolar ca) 
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Survival of patients receiving vaccines secreting
 “optimal” levels of GM-CSF was higher

Nemunaitis J., et al., JNCI 96;326-31, 2004 

Hypothesis
These vaccine strategies failed because of 
variability in GM-CSF production by the 
patients autologous tumor cells -

Question?
How can you insure high production of 
GM-CSF by the tumor vaccine

Need approach to obtain 
consistent high level of GM-CSF 
secretion at vaccine site:
• New generation viral vectors
• Local release 

 copolymers
 mini-pumps

• Transfected allogeneic tumor cell
lines.

Allogeneic tumor vaccine - same histology

1) Genetically engineered whole tumor cells 
Breast, prostate, pancreatic cancer

Advantages:  Standardized product, stability, 
identity, the vaccine has wide spectrum of 
tumor-associated antigens.  Easier!  
Prevention trials possible.

Disadvantages: missing unique antigens - critical?

Clinical Trial - 
Vaccine for Pancreatic Cancer

Allo Tumor 
vaccine + 
GM-CSF

Surgery
14 pts
stage 
1, 2, 3 

8 wks

Jaffee et al,  JCO 19(1) 145-156 January 2001 

6 Month  course 
 adjuvant chemo/Rad
(12/14 pts) 

vaccine + 
GM-CSF

Clinical Trial - Vaccine for Pancreatic Cancer

Preliminary Results:
• Three patients developed DTH
• These Three patients disease free 25

 months following diagnosis
  Jaffee et al,  JCO 19(1) 145-156 January 2001 

• All three developed mesothelin-specific
T cell responses  
 Thomas et al., J Exp Med. 2004 Aug 2;200(3):297-306.

• Phase II trial open at JHU
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Dendritic Cells (DC) are the most 
potent APCs / 

Nature’s adjuvant?

 Can DC help prime an antitumor 
immune response?

Dendritic Cells used to present 
tumor “antigens”

1) Tumor specific peptides
2) Proteins / fusion proteins {Dendreon}
3)   Transduced with tumor RNA
4)    Tumor-pulsed DC or 
5)    DC tumor fusions

Dendritic Cells used to present tumor 
“antigens”

1) Tumor-specific peptides
Positive: Defined antigen,

easy to monitor patient’s response -  
 tetramers, ELISpot, other..

Objective responses when combined with IL-2
  Rosenberg et al. Nat. Med 1998

Negative: Need to match patients HLA- 
 Generate variants that loose antigen expression

Dendritic Cells used to present tumor 
“antigens”

2) Tumor-specific proteins 

Positive: Defined antigen, don’t need to match 
  patient’s HLA. Possible to monitor patient’s
  response

Negative: May still generate variants that loose
  antigen expression.   Early /in clinical trials

***  Dendreon Results.. Press Release 04/14/09
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Dendritic Cells used to present tumor 
“antigens”

3) Tumor-specific RNA

Positive: Broad spectrum of possible Ags - less likely to 
get escape variants. Don’t need to match patient’s HLA. 
Possible but difficult to monitor patient’s antitumor 
response. 

Negative:  Not defined antigen. Not an off the shelf 
reagent. Need some “good” source of RNA. 

Twenty patients DC + hTERT mRNA 
  J Immunol. 2005 Mar 15;174(6):3798-807.

Dendritic Cells used to present tumor 
“antigens”

3) Tumor-specific RNA - continued

hTERT-specific CD8+ T cells in PBL (0.9-1.8% - 19/20)

LAMP hTERT vaccine - higher frequencies of hTERT-
specific CD4+ T cells and increased CTL-mediated 
killing of hTERT targets

Reduction of prostate-specific Ag velocity and 
molecular clearance of circulating micrometastases

 J Immunol. 2005 Mar 15;174(6):3798-807.

Dendritic Cells to present tumor “antigens”
4) Tumor-pulsed DC or fusion products 

Positive: Broad spectrum of possible Ags - less likely to 
get escape variants. Don’t need to match patient’s HLA. 

Negative:  Not defined antigen. Not an off the shelf 
reagent. Need viable autologous  tumor for vaccine. 
Early /in clinical trials  
Nestle et al.  Nat. Med 1998
Tumor-DC fusion - controversy - new trials (CCF)

IN April 2009 - DC vaccines HAVE NOT SHOWN 
convincing evidence of therapeutic efficacy..

Hypothesis
Clinical vaccine strategies fails when the 
patient does not develop a strong anti-
tumor immune response.

Questions?
What is the “correct” type of response?
How strong a response do you need?

Turning “on” the Immune System.. 
Model of effector T cell priming - 1990s 
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Hypothesis
Clinical vaccines fail when patients do not 
develop a strong anti-tumor immune response.

Questions?
How can you induce a stronger anti-tumor
immune response?

Increase Immune response..

1) Block Negative Signals / improve 
Costimulation :  Anti-CTLA4

2) Create Space for immune response…
Homeostasis-driven proliferation
(chemotherapy / radiation)

3) Reduce Treg cells / function..
(chemo,  IL-2 toxins, other mAbs)

Biological Function �
(CTLA-4; CD152)

•  Regulation of peripheral T-cell tolerance.
•  Induction of T-cell anergy. 
•  Attenuation of T-cell responses in 

inflammatory environment.
•  Regulation of the composition of a polyclonal 

T-cell response. 

Antibodies or ligands that 
costimulate the immune response
  Anti-OX40
  Anti-4-1BB

Antibodies or ligands that block 
inhibitory signals
  Anti-CTLA-4.. 
 (Possible approval in 2009?)  

But there are others.. Anti-B7-H1, 
anti-PD-1,…
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Experimental Design for “reconstitution” of 
lymphopenic host prior to vaccination. 

vaccine 
Tumor 
challenge 

•  Combining Chemotherapy with 
vaccinations
Prostate, Melanoma, Breast, NSCLC, 
Myeloma, Pancreatic cancer.    

Still early but some promising results in 
pancreatic CA 

Clinical trials:  

Ruettinger D. et al., J Transl Med. 5:43, 2007

 1) None
 2) Cytoxan 350 mg/m2 d 1-3 
 3) Cytoxan + Fludarabine 20 mg/m2 d 1-3 

Phase I/II study of allogeneic prostate GVAXTM in advanced 
prostate cancer patients made lymphopenic by chemotherapy 
and infused with autologous PBMC - DOD PC020094 / PHS 02-200

Leukapheresis GVAX

Vaccinations (q2 wks x 12)Pre-Tx

http://www.isbtc.org/meetings/workshop07/

•  Combining Treg depletion with 
vaccinations
very early…  Used IL-2-Dipteria toxin to 
eliminate IL-2 R + (CD25+) Tregs… 

Problem is that after one vaccine tumor-
specific “killer cells” also express IL-2R and 
are eliminated ..  

New reagents, COX2 inhibitors, anti-TGFb,.. 

Preclinical data : VERY PROMISING!!!  

Clinical trials:  
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•  Combining Treg depletion with 
vaccinations
Anti-CD4   

 Anti-GITR 

 Anti-Lag3 

All of these….   

  Preclinical data : VERY PROMISING!!!  

Clinical trials:  Immunotherapy

Active-specific immunotherapy
vaccines�

Adoptive immunotherapy 
(passive transfer)
Transfer of active reagents/cells to 
the tumor-bearing host 

Tumor-Infiltrating Lymphocytes -  
TIL   1986 -1997 

Isolated by culturing fresh tumor 
suspensions in high dose IL-2.
Murine TIL exhibit specific cytotoxicity 
and cytokine release.  Spies et al JNCI

Human TIL cells exhibit a similar profile.   
Muul et al. J. Immunol 

Adoptive immunotherapy
       TIL

 
Harvest 
Tumor

Culture
with 
IL-2

TIL cells infused i.v.
IL-2 administered t.i.d. 

TIL

Tumor-Infiltrating Lymphocytes -  
TIL

TIL cells can cure animals of large tumor 
burdens . Rosenberg et al. Science 1986

TIL cells have therapeutic activity in 
patients.   Rosenberg et al. NEJM 1988

Adoptive immunotherapy
“Gene-marked” TIL

 

Harvest 
Tumor

Culture
with 
IL-2

TIL cells infused i.v.
IL-2 administered t.i.d. 

TIL

Transduce 
with NeoR 

& select

Biopsy tumor 
1) PCR for Neo 
2) culture with IL-2 and 
G418 to study TIL 
function / phenotype
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Neo Labeled  TIL -  Results 
 Human Gene Transfer Experiment

One patient had CR.  Blood & tumor 
biopsies cultured under selection.  TCR 
heterogeneity of recovered cells different 
from infused.   ???

Aebersold et al. Hu Gene Tx 1990;1(4):373-84

Tumor Antigens -  1990s
TIL help define these antigens

Class I restricted 
MAGE.   Boon et al. 
MART-1/MelanA.   Rosenberg et al., Boon et al. 

Class II restricted
 Topalian et al.

Can the immune system see cancer?

YES! TIL studies identify that the 
immune response can detect cancer cells!

Question:
If we transfer more tumor-specific T cells
will this therapy be more effective?

Adoptive immunotherapy -  CD8+ 
TIL clones in lymphopenic hosts

 
Harvest 
Tumor

Clone tu-
specific 
CD8+ T 

cells

TIL clones infused i.v.
IL-2 administered t.i.d. 

TIL 
clones

Chemotherapy
No 
Responses

Dudley et al., J. Immunother 2002 25:243-51         

Give Cloned Tumor-Specific CD8+ T cells

No substantial improvement.

Give Cloned Tumor-Specific CD8+ T cells 
to immunosuppressed patients with 
“room” for T cells to expand in vivo

No objective responses.
Dudley M, et al.,  2002, J. Immunotherapy 

Adoptive immunotherapy -  CD4+ & CD8+ 
TIL cloids in lymphopenic hosts  

Harvest 
Tumor

TIL cloids infused i.v.
IL-2 administered t.i.d. TIL cloids

Chemotherapy

1)   Expand
2)   Persist
3)   Function
4)   Objective 

response

Cloid tu-
specific 
CD4+ & 

CD8+ 
T cells

Dudley et al., Science 2002 / J Clin Oncol. 2005 Apr 1; 23(10):2346-57.  
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Give Tumor-Specific CD8 and CD4 T cells

T cells survive, expand in vivo, maintain anti-
tumor function
 50% objective response rate..

Evidence that T cells (TIL) can mediate 
tumor regression in humans??

Can this work at other centers??
Will this work in other diseases?? 

Evidence that T cells (TIL) can 
mediate tumor regression in 
humans??

Can this effect be induced without 
adoptive transfer of large numbers of 
activated T cells?

HOW!

COMBINATION STRATEGIES…
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Combination Strategies are the
FUTURE!

Collaborations - Need to get Investigators, 
Companies, FDA to all work together.

  Concerns - SAE  that will taint product
      Intellectual property 
      ? FDA ? too much 
testing?  

Alternative strategy to generate 
tumor-specific T cells..

Genetically Engineered T cells?

Re direct them…  TCR gene Transfer

Protect them from Bad signals..  
Cortisone resistance gene.. Sangamo

Alternative strategy to generate 
tumor-specific T cells..

Re Directing T cells..
MicroMet Technology.

Antigens… Autophagy.. 
Li. Y, et al., Cancer Research 2008
Li, Y. et al., Autophagy 2009
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Combination Strategies:
FDA is helping..
• Adaptive trial designs - alter trials 

based on data accumulated..
• “Qualified” Biomarkers (not 

validated) 
• Exploratory INDs -(Not CBER.. Yet) 
  J. Immunother  30:1-15, 2007
  www.isbtc.org Boston, Nov 1-4, 2007 

DC 2008 / San Diego 2008..

Was there a tumor-specific 
immune response? 

Rationale: 

Antibody response requires T cell help. 

Can then go back and evaluate T cell response. 

Potential Solution: 

Screen Patients pre/post sera for antibody via protein 
array 

Was there a tumor-specific 
immune response? 
Invitrogen’s ProtoArray® Immune Response Biomarker Array 

Human Protein Microarray v4.1 contains over 8,000 unique 
human proteins, purified from our baculovirus based 
expression system, arrayed in duplicate on a 1 inch x 3 inch 
nitrocellulose-coated glass slide.  

Profiling service can rapidly profile 10 to over 100 serum 
samples for immunoreactivity to over 8,000 human proteins. 

Screen Patients pre/post sera for antibody via 
protein array
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Immunotherapy may develop 
like other specialized areas of 
Medicine..

Vision..
Not so much “off the shelf”..
Specialized Departments..

BMT / Surgery / Rad. Onc

Possibly greatest problem in 
field is……

Possibly greatest problem in 
field is……

Paucity of
 TRANSLATIONAL 

INVESTIGATORS


