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Fundamental Truth

Every cancer that has been 
diagnosed has figured out how to 

defend it-“self” against the 
immune system



An individual’s cancer can be 
eradicated if the immune system 

can be instructed to do so

Guiding Principle of Immunotherapy



A not-so recent Proof of Principle



Proof of Principle #1:
Why did this work?

Triggers release of soluble factors
(cytokines)



Atkins et al. J Clin Oncol. 1999

A semi-recent Proof of Principle



Proof of Principle #2:
Why did this work?



A recent Proof of Principle

Topalian et al. NEJM 2012



Proof of Principle #3:
Why did this work?

It’s complicated!



Learning Objectives

• Define the interaction between the tumor and the immune system
• Mechanisms of tumor immunosuppression

• Basics of the tumor microenvironment

• Mechanisms of overcoming immunosuppression

• Describe approaches to Tumor Immunotherapy
• Improving immunogenicity: Vaccines, XRT, chemotherapy, TLR

• Cellular therapy

• Checkpoint inhibitors

• Targeting the microenvironment

• Describe present state of biomarkers



Basics of the Tumor Microenvironment



It is all about the T-cell!!!

How does the immune system kill cancer?



Sullivan and Flaherty. Clin Cancer Res 2015.

1. Tumor recognition 2. Immune cell Activation 3. Tumor infiltration

It is all (mostly) about the T-cell



T cell activation is antigen-specific 



Signal #2 is tightly regulated



Signal #3 Provides the T-cell direction



Roles of Cytokines in T-cell Polarization
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Cell mediated immunity
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IFN-gamma



Roles of Cytokines in T-cell Polarization
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Enhancing Tumor Recognition:
Vaccines



Enhancing Tumor Recognition:
Vaccines

Selective viral
replication in 

tumor tissue

Tumor cells rupture for 
an oncolytic effect

Systemic
tumor-
specific

immune 
response

Death of distant cancer 
cells

Local Effect: 
Virally-Induced Tumor Cell Lysis

Systemic Effect: 
Tumor-Specific Immune Response

Kaufman et al. ASCO 2015



Enhancing Tumor Recognition:
Radiation as Vaccine

Abscopal Effect
– 50 years worth of case 

reports/series 

– First trial to test hypothesis

– 41 patients, 9 PRs, 2 CRs
Golden et al. Lancet Oncol. 2015



Enhancing Tumor Recognition:
Radiation as Vaccine



Enhancing Tumor Recognition:
Chemotherapy as Vaccine



Enhancing Tumor Recognition:
Chemotherapy as Vaccine

Galluzzi et al. Nat Reviews Drug Discov. 2011



Signal #2 is tightly regulated



CTLA4 limits the responsiveness of activated T cells



Improving immune activation



Where we came from in melanoma…

1980 2011 20152013

DTIC

High-dose 
IL-2

An Era of Futility: 
1975-2005

Korn et al. J Clin Oncol 2009



Ipilimumab (ipi) is associated with prolonged survival

Hodi et al. NEJM 2010 Robert et al. NEJM 2011

Hodi et al. ECCO 2014; Schadendorf et al. 2015



Beyond CTLA4 inhibition



The reason we are here:
Targeting anti-PD1/PDL1



Melanoma: Front-line anti-PD1 therapy is better ipi

Ribas et al AACR 2015; Robert et al. NEJM 2015; Carlino et al AACR 2016.



Anti-PD1 therapy in lung cancer



Anti-PD1 therapy: Immunotherapy for the masses



Signal #3 Provides the T-cell direction



Tumor Cell

Anti-Tumor  T Cells

Normal Surface 

Molecule 

(Antigen)

Tumor specific 

Molecule 

(Antigen)

Tumor Cell 

Dies

TH1 CYTOKINES



Anti-Tumor  T Cells

TH1 CYTOKINES TH2 CYTOKINES

T Reg

Tumor Cell



• Cohorts of 156 and 95 patients 
with RCC treated with HD IL-2

• RR: 21 and 23% respectively
• Improved compared to LD IL-2 

(13 and 10%)

• Durable complete responses
• ~5-10%

• FDA approved in 1992

Fyfe et al J Clin Oncol. 1995
Yang et al. J Clini Oncol. 2003
McDermott et al. J Clin Oncol. 2005

Interleukin 2 in RCC



• 270 melanoma pts treated 
between 1985-1993

• RR: 16% (43 / 270)
• Some large volume and visceral
• Most soft tissue and lung

• Durable responses
• Median 8.9 mos
• CR: not reached

• Survival
• Median 11.4 mos
• 11% @ 5yrs

• FDA approved 1996
Atkins et al J Clin Oncol, 1999

Interleukin 2 in melanoma



• Advantages
• Complete and durable responses
• Defined, brief treatment period
• Limited long-term adverse effects

• Disadvantages
• Low response rate
• High acute toxicity limits the eligible cohort
• Requires inpatient hospitalization
• Rare fatalities reported (<2%)

Interleukin 2 Summary



TIL

TH1 CYTOKINES

T Reg

Tumor Cell

Overcoming Resistance to IL-2

Tumor Cell 

Dies

Tumor Cell 

Dies



Overcoming Resistance to IL-2Adoptive Cell Therapy

Rosenberg and Restifo. Science. 2015



Adoptive Cell Therapy: 
(Selected) Clinical Trial Results

Disease # patients Response rate Ref

Melanoma 20 55% Rosenberg et al. 
NEJM 1988

Melanoma 86 34% Rosenberg et al. 
JNCI 1994

Melanoma 93 56% Rosenberg et al. 
CCR 2011

Melanoma 57 40% (29% on 
intention to treat)

Besser et al. CCR 
2013

Cervical cancer 9 33% Hinrich et al. ASCO 
2014



Enhancing Tumor Recognition

Engineer more 
specific TCRs

Engineer more 
specific receptors

Pick more specific TIL

Overcoming Resistance to ACT





Optimizing Selection Strategy:
Identifying immunotherapy responders

Blood or Tissue 
Assay

Immunotherapy responsive

Immunotherapy non-responsive



Emerging Predictive Model of PD1 responsiveness

Mutational Load

Lawrence et al. Nature 2013



All neoantigens Selected highly binding 
neoantigens
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Emerging Predictive Model of PD1 responsiveness

Mutational Load

Neoantigen load

Gajewski et al. ASCO 2015



Emerging Predictive Model of PD1 responsiveness

Mutational Load

Neoantigen load

Antigen expression machinery

Johnson et al. Nature Commun. 2016



Emerging Predictive Model of PD1 responsiveness

Mutational Load

T-cell infiltration

Neoantigen load

Antigen expression machinery

Tumeh et al. Nature 2015



Emerging Predictive Model of PD1 responsiveness

Mutational Load

T-cell infiltration

Neoantigen load

Antigen expression machinery

Ribas et al. ASCO 2015

Hugo et al. Cell 2016



Emerging Predictive Model of PD1 responsiveness

Mutational Load T-cell infiltrationNeoantigen load Antigen expression machinery



Tissue/Tumor response is PDL1 expression

Mutational Load

T-cell infiltrationNeoantigen load

Antigen expression machinery

PD-L1 expression



PDL1 expression is associated with better outcomes

Carlino et al. AACR 2016



Summary: 
The state of predictive biomarker development

Analysis of the tumor:
• Total mutation burden
• Types of mutations (neoantigens)
• Capability of being recognized by the immune 

system

Analysis of immune cells in the tumor
• Presence or absence of cells
• Location of immune cells (periphery versus central)
• Types of immune cells (killers vs suppressors)
• Activity of the cells (gene expression analysis)

Response of the tumor against the immune cells
• PD-L1 expression
• Other “immune checkpoint” molecule expression

Analysis of blood…



Thank you!


