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Immune system & cancer  



Innate and adaptive immunity 



Innate and adaptive immunity 

Nature Reviews Cancer 2004;4:11-22 
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Hematopoiesis 



Advantage of immunotherapy 

• Cancer cells are immunogenic 

 

• Migrate to tissue 

 

• Memory, specific 

 

• Long-term cancer remission 

 

• No side effect as chemotherapy and radiation 

 



Immune status: susceptibility to tumor 

Science 2011 



Cancer immunoediting hypothesis 

Science 2011 

“Edited” 

“Unedited” 

Less immunogenic 

More immunogenic 



Cancer immunoediting concept 
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Science 2011 



Cancer immunity cycles 

Immunity 2013;39:1-10 



Immunity 2013;39:1-10 

Cancer immunity cycles: Therapies  



APC and T-cell interaction 

Lancet Oncol 2012;13:e301-10 



Anti-tumor immune network 

Front Oncol 2013 



Role of immune system  

in lung cancer 



Tumor microenvironment: 

immunosuppressive 



Lung cancer escape from immunosurveillance 



Involvement of the immune 

system in lung cancer? 



Ann Thorac Surg 2009 

Tumor infiltrating lymphocytes (CD8+): Survival 

P=0.20 P=0.03 

All SQ 



Ann Thorac Surg 2009 

TILs (CD8+): Survival 

SQ stage I AD stage I 

P=0.63 P=0.03 



TILs (CD8+ CD4+): Survival 

High-CD8+/high-CD4+ (n=26) 

High-CD8+/low-CD4+(n=27) 

Low-CD8+/high-CD4+ (n=18) 

Low-CD8+/low-CD4+ (n=38) 

Survival period (months) 
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Br J Cancer 2006 

P=0.006 



J Clin Oncol 2008 

Mature dendritic cell (DC): DFS 

P=0.056 



Regulatory T- cell (CD3+, Foxp3+): Survival 

P=0.0148 

J Clin Oncol 2006 





Immunotherapy  



Front Oncol 2014;4:288 

Immunotherapeutic strategies in NSCLC 



Cancer vaccine 

Nat Rev Clin Oncol 2014 



Immune checkpoint inhibitor blockade 

Nat Rev Clin Oncol 2014 



MAGE-A3 

• MAGE: melanoma-associated antigen 

 

• Expressed in 35-55% of NSCLC 

• Independent predictor of poor outcomes in 

    adenocarcinoma of lung 

 

• MAGE A3 antigen-specific cancer immunotherapeutics  

 : postoperative adjuvant setting 

 : vaccine may have the greatest clinical activity  

      due to minimal tumor burden 

Gridelli C, et al. Oncologist 2009;14:909-20. 

Gure AO, et al. Clin Cancer Res 2005;11:8055-62. 



J Clin Oncol 2013;31:239-2403 



MAGRIT: Phase III trial 

Clin Lung Cancer 2009;10:371-4. 

N=2270 

MAGE-A3 as Adjuvant non-small cell lunG canceR ImmunoTherpay 



L-BLP25 

• MUC1: mucin 1, cell-surface glycoprotein 

         aberrantly expressed in various cancers, including 

           breast, lung, pancreatic, ovarian, gastric, colon  

           cell transformation, migration, immunosuppress… 

                  

• L-BLP25 (Tecemotide) Stimuvax® : peptide vaccine 

           targets the exposed core peptide of MUC1 

  comprises BLP25 lipopeptide,  

                           immunoadjuvant monophophoryl lipid A 

                     & three lipids 

  form a liposomal product 

   
Ho SB, et al. Cancer Res 1993;53:641-51. 

Butts C, et al. J Clin Oncol 2005;23:6674-81. 



Lancet oncol 2014;15:59-68 

P=0.123 



START: Phase III trial 

OS: Concurrent chemoradiotherapy OS: Sequential chemoradiotherapy 

P=0.016 
HR  0.78 (0.64-0.95) 
Tecemotide 30.8 vs Placebo 20.6 
 

P=0.38 

Lancet oncol 2014;15:59-68 



INSPIRE: Phase III trial 

BMC Cancer 2011;11:430-6. 

Stimuvax trial In Asian NSCLC Patients: Stimulating Immune REsponse 

N=420 



“Hurdles” in cancer vaccine development 

• Vaccines might still be suboptimal 

 - induction of the desired immune responses is weak 

 - responses are short lived 

 - memory formation defective 

 

• Tumor microenvironment  

   - potently immunosuppressive 

 

• One consistent finding 

  - effective in minimal disease burden 

 



N Engl J Med 2012;366:2517-9 

Immune checkpoint inhibitor 



Single agent Anti-PD1 can produce durable responses 



Nature 2011;480:480-9. 

T cell targets for immunoregulatory antibody tx. 



Nivolumab: phase III, 2nd line Squamous NSCLC  

CheckMate 017 

N Engl J Med 2015;373:123-35 

Median OS: 9.2Mo 

Median OS: 6.0Mo 

Response rate: 20% 

Anti-PD-1 



N Engl J Med 2015;373:123-35 

Nivolumab: phase III, 2nd line Squamous NSCLC  

CheckMate 017 

Anti-PD-1 



Nivolumab: phase III, 2nd line Non-Squamous NSCLC  

CheckMate 057 

Paz-Ares et al, ASCO 2015 

Median OS: 12.2Mo 

Median OS: 9.4Mo 

Response rate: 19% 

N Engl J Med 2015 Sep 27 online 

Anti-PD-1 



Paz-Ares et al, ASCO 2015 

Nivolumab: OS by PD-L1 expression 

Non-Squamous NSCLC 

 

Anti-PD-1 



Pembrolizumab: PD-L1 expression 

KEYNOTE 001 

PS <1% PS 1-49% PS ≥50% 

N Engl J Med 2015;372:2018-28 

Anti-PD-1 



N Engl J Med 2015;372:2018-28 

Pembrolizumab: OS by PD-L1 expression 

KEYNOTE 001 

ORR: 19.4%,  PS≥50%: 45.2% 

Anti-PD-1 



Lancet 2016 Mar 

Anti-PD-L1 

Atezolizumab (MPDL3280A): phase II, 2nd/3rd line NSCLC  

POPLAR 



Lancet 2016 Mar 

Anti-PD-L1 

Atezolizumab: phase II, 2nd/3rd line NSCLC  

POPLAR 

Median OS: 12.6Mo 

Median OS: 9.7Mo 



Lancet 2016 Mar 

Anti-PD-L1 

Atezolizumab: OS in PD-L1 subgroups 

POPLAR 



Durvalumab (MEDI4736): Study 1108 
Anti-PD-L1 

ASCO 2015 

Squamous PD-L1+ (n=40) Squamous PD-L1- (n=29) 

Non-Squamous PD-L1+ (n=40) Non-Squamous PD-L1- (n=43) 



Durvalumab: OS by PD-L1 expression 
Anti-PD-L1 

ASCO 2015 

PD-L1(+) ORR: 27% 

PD-L1(-) ORR: 5% 







Curr Opin Pharmacol 2015;23:32-8 

Objective response rates with anti PD-1/PD-L1 therapy 
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J Thorac Dis 2015;7:455-61 

Anti-PD-1 Ab Anti-PD-L1 Ab 

22.5% 19.5% 

Anti PD-1/PD-L1 therapy: ORR & AE 

Pembrolizumab Nivolumab Atezolizumab 
BMS-936559 MEDI 4736 



Intratumoral PD-L1 expression is associated with increased clinical 

benefit across PD-1/PD-L1-directed therapy with low specificity 

Nivolumab Pembrolizumab MPDL3280A MEDI4736 

Oncology 2014;28 Suppl 3:39-48 



Curr Opin Pharmacol 2015;23:32-8 

Association of PD-L1 expression with objective response 

to anti PD-1/PD-L1 therapy 



J Thorac Dis 2015;7:462-70 

PD-L1 expression as prognostic factor 

: meta-analysis 

Overall Survival 



Median OS by  

PD-L1 Expression 

Level,* Mos 

Nivolumab  Docetaxel  Unstratified HR 

(95% CI) 

Interaction  

P Value 

≥ 1% 

< 1% 

9.3 

8.7 

7.2 

5.9 

0.69 (0.45-1.05) 

0.58 (0.37-0.92) 
.56 

≥ 5% 

< 5% 

10.0 

8.5 

6.4 

6.1 

0.53 (0.31-0.89) 

0.70 (0.47-1.02) 
.47 

≥ 10% 

< 10% 

11.0 

8.2 

7.1 

6.1 

0.50 (0.28-0.89) 

0.70 (0.48-1.01) 
.41 

Not quantifiable 0.39 (0.19-0.82) 

N Engl J Med 2015;373:123-35 

Nivolumab: phase III, 2nd line Squamous NSCLC  

CheckMate 017 

Anti-PD-1 



Paz-Ares et al, ASCO 2015 

Nivolumab: OS vs PD-L1 expression 

Non-Squamous NSCLC 

 

Anti-PD-1 



Interim Median OS 

Outcomes 

Atezolizumab 

(n = 144) 

Docetaxel  

(n = 143) 
HR (95% CI) P Value 

ITT population (N = 287) 12.6 9.7 0.73 (0.53-0.99) 0.040 

Subgroups based on PD-L1 expression 

TC0 and IC0 (n=92) 9.7 9.7 1.04 (0.62-1.75) 0.871 

TC1/2/3 or IC1/2/3 (n = 195) 15.5 9.2 0.59 (0.40-0.85) 0.005 

TC2/3 or IC2/3 (n = 105) 15.1 7.4 0.54 (0.33-0.89) 0.014 

TC3 or IC3 (n = 47) 15.5 11.1 0.49 (0.22-1.07) 0.068 

Anti-PD-L1 

Lancet 2016 Mar 

Atezolizumab: OS in PD-L1 supgroups 

POPLAR 



*DCB: durable clinical benefit (PR or SD >6mo), NDB: no durable benefit 

Mutational landscape determines sensitivity  

to PD-1 blockade in NSCLC 

Science 2015;348:124-8 



Yrs 

Immunotherapy 

Targeted Therapy 
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Combination??? 

Controls/ 
Conventional Therapy 

Combining immunotherapy & conventional tx 



Future oncologic clinical investigations 

    Personalized combinatorial therapies 

       + chemotherapy, radiation, surgery 

      + immunotherapy 

    + epigenetic modulation 

    + genetic characterization 



Combining immunotherapies that  

target distinct immune pathways 

1. Dual T-cell checkpoint blockade 

 

2. T-cell checkpoint blockade 

  + costimulatory receptor agonists 

 

3. T-cell checkpoint blockade 

  + improving the function of innate immune cells 

 

4. T-cell checkpoint blockade 

  + other immune system activators (Vaccine) 

Clin Cancer Res 2014;20:6258-68 



Scott J. Antonia et al. ASCO 2014 

Dual T-cell checkpoint blockade 



Lancet oncol 2016 

Durvalumab (anti-PD-L1)+Tremelimumab (anti-CTLA-4) 

 durable response 



Durvalumab+Tremelimumab: durable response 

Lancet oncol 2016 



Nivolumab (anti-PD-1) + Ipilimumab (ant-CTLA-4) 

Scott J. Antonia et al. ASCO 2014 

ORR: 11% ORR: 13% 

ORR: 33% ORR: 13% 



• ORR (N = 18): 39% including 1 CR 
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 71% of patients showed decrease in 
target lesion burden 

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

Pembrolizumab 2mg/kg + ipilimumab 1mg/kg 
 

 

Pembrolizumab (anti-PD-1) + Ipilimumab (anti-CTLA-4)  

KEYNOTE 021 

Patnaik A et al, ASCO 2015 



Combination approaches in immunotherapies 

Clin Cancer Res 2014;20:6258-68 



Integrating immunotherapies with  

existing therapeutic modalities  

Clin Cancer Res 2014;20:6258-68 

1. Immune checkpoint blockade 

  + Chemotherapy, Radiotherapy 

 

2. Immune checkpoint blockade 

  + Target therapy: EGFR-TKI, Anti-VEGF 

 

3. Immune checkpoint blockade 

  + Epigenetic agents: HDAC inhibitor 

 

 



Nivolumab (anti-PD-1) + Chemotherapy 

:Checkmate012 

ORR: 33% ORR: 47% 

ORR: 47% ORR: 43% 



Nivolumab (anti-PD-1) + Chemotherapy 

:Checkmate012 

Nivolumab 5mg/kg 
+Pac/Carb 



Nivolumab (anti-PD-1) + Erlotinib (EGFR-TKI) 

Rizvi NA et al. ASCO 2014 

ORR: 19% 



Adoptive T cell therapy 



1. Vaccine  

Summary 

: might be still suboptimal 
 

2. Immune checkponint inhibitors  

: ORR ≒20%, but durable response 
 



1. Predictive marker 

Summary 

2. Combination therapy 

    Immune checkpoint inhibitor+other immunotherapy 
    Immune checkpoint inhibitor: CTx, RTx, Tareget Tx 
    Adoptive T cell therapy 

PD-L1 expression 
Mutational landscape 
Immunosuppressive mechanisms 

    → Personalized, biomarker-driven combinatorial 

          therapies 




