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Talk Outline 

1. Conceptual Developments in Cancer Immunology  

2. Tailoring combination immunotherapies to the tumour 

microenvironment 
 



Conceptual Developments in Cancer Immunology 

1Cancer 

 immunoediting 2Tumour 

Neoantigen 

3Immune 

Reaction 

4Combination 

mAb-based therapy 

5Tumour induced Immune 

suppression 



© QIMR Berghofer Medical Research Institute   |   5 

Smyth et al. JEM 2000, Shankaran et al. Nature 2001 
Swann et al. J. Clin. Invest. 2007, Koebel et al. Nature 2007 
Teng et al., JLB 2008; Schreiber..Smyth. Science 2011 
Teng et al., Cancer Res 2012, Teng et al., JCI 2015 
 

3Es 

KILL            BATTLE          LOSE 

1 



2Mutational load correlates with frequency of 

tumour neoantigens 

Ton N. Schumacher, and Robert D. Schreiber Science 

2015;348:69-74 

Estimate of the neoantigen repertoire in human cancer  
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Immune contexture correlates with clinical outcome 

Galon et al., 2006 Science 

Pages et al., 2005 NEJM 

Bindea el al., 2013 Immunity 

Fridman et al., 2012 NRC 
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Immunological active  

tumour microenvironment 



Detect sarcoma 

Measure growth 

Commence treatment 
50-180 d 

WT or KO mouse  
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(trimAb) 

trimAb 

anti-DR5 (immunogenic cell death)  

anti-CD40 (activate APC) 

anti-CD137 (enhance effector T cell function and survival) 

 

MCA   

MCA induced fibrosarcoma model 



Rejection of carcinogen-induced established tumors by trimAb 

Uno et al. Nature Medicine, 2006 



The four nodes to target for inducing maximal anti-tumour immunity 

Smyth et al., NRCO 2015 
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Engagement of checkpoint receptors represents a major 

mechanism of tumour-induced immunosuppression 
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Melero I et al.  

Nat Rev Cancer 2015 

Checkpoint receptors: 

Brakes to limit 

overzealous  

T cell activation 
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regulate T cell immune 

response 
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Checkpoint blockade can unleash endogenous 

anti-tumour response 

2010 

2012 

2013 

ORR – 10% 

ORR – 31% 

ORR – 53% 

ORR – 61% 2015 



Anti-PD-1 to be used as standard of care and in 

combination immunotherapies 

2015 ORR –  

33.7% vs 11.9% 

2015 
ORR –  

20% vs 9% 

2015 
ORR –  

31.7% vs 10.6% 



Moving Forward… 



Key issues in cancer immunotherapy  

1) Identifying biomarkers to predict what cancers will 

respond to anti-PD-1/PD-L1 

2) How do we increase the proportion of patients who 

respond to anti-PD-1/PD-L1? 

3) What therapies do we use to treat cancers with tumour 

microenvironments that are resistant to anti-PD-1/PD-

L1? 

4) What do we do for patients who develop acquired 

resistance to anti-PD-1 therapies? 

5) What is the optimal scheduling for administration of 

combination immunotherapy? 

6) How to assess the therapeutic index (anti-tumour 

efficacy/irAEs) of combination immunotherapies?  



Tailoring combination immunotherapies 

to the tumour microenvironment 



Tumour microenvironment can be stratified into 4 types 

based on TILs and PD-L1 expression in tumours 
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Taube et al. Sci Transl Med 2012, CCR 2014 



Teng et al.,  2015 Cancer Res 

Tumour microenvironment can be stratified into 4 types based on  

TILs and PD-L1 expression in tumours 



Association of anti-PD-L1 response and tumour-infiltrating 

immune cell PD-L1 expression 



Tumeh et al. Nature (2014)  

Cancers with type I TME containing CD8+ T cells and PD-L1 

most likely to respond to anti-PD-1/PD-L1 

PD-1 expression on cancer 

Level of PD-1 expression 



What other cancers should we treat 

with anti-PD-1/PD-L1? 



PD-1 & PD-L1 expression in various types 

of solid tumours 



PD-1+ TILs expression correlates with increasing mutational load 

Le et al., NEJM, 2015; Maby et al., Cancer Res, 2015 



How do we increase the proportion of 
responders with type I (PD-L1+TIL+) 

tumour microenvironment? 



Can we improve above the 50% ORR induced by 

anti-CTLA-4 & anti-PD-1? 



What therapies do we use to treat cancers with 

TME that are resistant to anti-PD-1/PD-L1? 



anti-CD40 + anti-IL-23 

anti-CD40 + anti-CSFR1  

 

• anti-PD-1 + anti-CTLA-4 (Wolchok et.al NEJM 

2013) 

 

• Type I IFN (poly-ic) + anti-PD-1 (Bald et 

al. Cancer Discovery 2014) 

• Chemotherapy or targeted therapy + 

anti-PD-1  

• Radiotherapy + anti-CTLA-4 + anti- 

• PD-1(Twyman-Saint Victor et al., Nature 2015) 

• CAR-T + anti-PD-1 

• microbiota 



Summary 

• Anti-PD-1/PD-L1 - will become the immunotherapeutic 
backbone of future cancer treatments 

 

• Cancers can be divided into four type  
– absence or presence of TILs and PD-L1 expression 

 

• Efficient anti-tumour strategies must focus on hitting 
different targets concurrently 

 

• Key nodes to target in combination treatment 
– abrogating immune suppression 

– inducing immunogenic cancer-cell death,  

– enhancing antigen presentation/adjuvanticity 

– inducing activation and survival of immune-effector cells 



Summary 

• Exome-sequencing data can be mined to  

– identify unique neoantigen profile of tumours 

– guide future personalized vaccine design for use in 

combination treatments 

 

• A large proportion of patients have ‘immune ignorant’ 

tumours,  

– predicted to have a poor prognosis regardless of any 

current intervention 

– novel therapies have to be developed 
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