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Cancer Immunoediting

3

Carbone, et al Journal of Thoracic Oncology, 2015



Immune Cycle 

Chen, Immunity 2013



Immune Suppression Tumor 

Microenvironment

Chanmee T,

Cancers 2014



Agonist Antibody Blocking Antibody

Ai M., Curran M. Immune checkpoint combinations from mouse to man. 
Cancer Immunology Immunotherapy, 2015.



The cytotoxic T lymphocyte–associated antigen 4 (CT LA-4) immunologic checkpoint. 

Michael A. Postow et al. JCO 2015;33:1974-1982
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Immune Cycle 

Chen, Immunity 2013





Biomarkers of Efficacy

� An early increase in lymphocyte and eosinophil 

count was associated with improved survival in 

melanoma patients.

� Delyon J, Ann Oncol 2013. 

� Increase number of T regulatory cells in the 

tumor was associated with response to 

Ipilimumab. 

� Ji RR, Cancer Immunol Immunother, 2012. 



Snyder A et al. N Engl J Med 2014;371:2189-2199.

Association of a Neoepitope Signature with a Clinic al 
Benefit from CTLA -4 Blockade.



Ipilimumab in Other Tumors

� Randomized Phase II trial of carboplatin and paclitaxel 

with ipilimumab in NSCLC
� Lynch, J Clin Oncol 2012

� Ipilimumab with GVAX vaccine in Pancreatic Cancer
� Le, J Immunother 2013. 

� Castration resistant Prostate Cancer- Study was 

negative. Subgroup analysis- Benefit in patients without 

visceral metastases. 

� Kwon, Lancet Oncol, 2014 

� Tremelimumab showed promising results in Mesothelioma 

� Calabron, Lancet Oncol, 2013



The programmed cell death protein 1 (PD-1) immunolo gic checkpoint. 

Michael A. Postow et al. JCO 2015;33:1974-1982



Immune Cycle 

Chen, Immunity 2013



CheckMate 017 (NCT01642004) - Study Design

• One pre-planned interim analysis for OS
• At time of DBL (December 15, 2014), 199 deaths were reported (86% of deaths required for final analysis)
• The boundary for declaring superiority for OS at the pre-planned interim analysis was P <0.03

Patients stratified by region 
and prior paclitaxel use

Patients stratified by region 
and prior paclitaxel use

Nivolumab
3 mg/kg IV Q2W

until PD or 
unacceptable toxicity

n = 135

Docetaxel
75 mg/m2 IV Q3W 

until PD or 
unacceptable toxicity

n = 137

• Primary Endpoint: 
– OS

• Additional Endpoints: 
̶ Investigator-assessed ORR

̶ Investigator-assessed PFS

̶ Correlation between PD-L1 
expression and efficacy

̶ Safety

̶ Quality of life (LCSS)

• Stage IIIb/IV SQ NSCLC

• 1 prior platinum doublet-based 
chemotherapy

• ECOG PS 0–1

• Pre-treatment (archival or 
fresh) tumor samples required 
for PD-L1 analysis 

N = 272

LCSS = Lung cancer symptom scaleLCSS = Lung cancer symptom scale



Overall Survival

Symbols represent censored observationsSymbols represent censored observations
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Progression -free Survival

PFS per investigator.PFS per investigator.
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Response Characteristics of Confirmed 
Responders

On treatment (docetaxel)On treatment (docetaxel)

Off treatmentOff treatment

Time to first responseTime to first response

Ongoing responseOngoing response

On treatment (nivolumab)On treatment (nivolumab)

63% (17/27) of patients 
had ongoing response
63% (17/27) of patients 
had ongoing response

33% (4/12) of patients 
had ongoing response
33% (4/12) of patients 
had ongoing response
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OS by PD-L1 Expression

1% PD-L1 Expression level 1% PD-L1 Expression level 5% PD-L1 Expression level5% PD-L1 Expression level 10% PD-L1 Expression level  10% PD-L1 Expression level 
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PD-L1 expression as a biomarker

• Generally patients with tumors that have PD-L1 expression 
have higher likelihood of benefit

• Inconsistent results. 
– Expression of PD-L1 is heterogenous- patchy vs. diffuse, tumor 

cell vs. stroma, archival vs. fresh

• 10% of the patients with PD-L1 negative tumors derived 
benefit. Duration of benefit in these patients is similar to 
the duration of benefit in PD-L1 positive patients. 

• Maybe used to select patients in select situations- first line, 
never smokers.  



Higher Mutation Burden Correlates With 
Benefit from Anti-PD-1 

Rizvi, Science 2015

Patients with MMR deficient are more likely to benefit from anti-PD-1
Le, ASCO 2015, abstract LBA 100 





Postow, et al JCO 2015



Treatment-related AEs ( ≥10% of patients)





Why choose to block the PD-1 pathway in 

addition to CTLA-4?

Curran M A et al. PNAS 2010; 107(9):4275-80.



αPD-1αPD-L1

Curran M A et al. PNAS 2010; 107(9):4275-80.



Conversion of the tumor micro-environment 

from suppressive to inflammatory

Curran M A et al. PNAS 2010; 107(9):4275-80.



Objective response rates in malignant 

melanoma with checkpoint blockade

Wolchok et al. ASCO 2015

Two year survival:  2010 – standard of  care  – 18%

Ipilimumab (FDA 2010) – 30%

Nivolumab (FDA 2014)  – 43%

Ipi/Nivo (FDA 2015?)  - ~90%



Change From Baseline in Tumor Size 
(RECIST v1.1, Investigator Review) 
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Change from baseline was evaluated in patients with  ≥1 postbaseline tumor assessment.
Analysis cutoff date: March 31, 2015.

Pembrolizumab 2 mg/kg + ipilimumab 1 mg/kg

Pembrolizumab 10 mg/kg + ipilimumab 1 or 3 mg/kg

71% of patients showed decrease 
in target lesion burden



Agonist Antibody Blocking Antibody

Ai M., Curran M.A. Immune checkpoint combinations from mouse to man. 
Cancer Immunology Immunotherapy, 2015.



4-1BB : Favorable expression profile 

for immunotherapy



4-1BB activates NK Cells

Activated NK              Resting NK



4-1BB antibodies cure many types of 

cancer in mouse models



4-1BB agonist antibodies cause liver 

inflammation



4-1BB/CD137 agonist antibody 

clinical summary

� Used as a monotherapy to treat solid tumors in some 
trials with PR and SD reported

� Used to activate NK (and myeloid) cells to mediate 
improved ADCC in combination with tumor-specific 
antibodies like Rituximab and Cetuximab (EGFR)

� BMS antibody is IgG4, does not block binding of 4-1BB-
ligand but causes liver toxicity even at 0.3mg/kg

� Pfizer antibody is IgG2, does block 4-1BB-ligand, but 
does not cause severe liver toxicity even at 10mg/kg

� Combination trials with PD-1 have begun and with 
CTLA-4 are being planned



Agonist Antibody Blocking Antibody

Ai M., Curran M.A. Immune checkpoint combinations from mouse to man. 
Cancer Immunology Immunotherapy, 2015.



Immune checkpoint modulating 

antibodies currently in the clinic

Ai M., Curran M.A. Immune checkpoint combinations from mouse to man. 
Cancer Immunology Immunotherapy, 2015.





Conclusions

� Immune check point inhibitors have shown 

benefit in several tumors as single agents.

� Benefit occurs only in a proportion of patients 

but is sustained for a long time. 

� Unique adverse events

� Biomarkers still not defined

� PD-L1 expression, Genomic analysis?

� Combinations being explored

� Both with other check point inhibitors and cytotoxic 

agents


