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Cancer immunity cycle 

Chen & Mellman Immunity 2013 

CTLA4 

PD1/PDL1 

CTLA4 

Adoptive T cell 

transfer 



Different strategies available for adoptive cell therapy 

• Tumor infiltrating lymphocytes: TIL therapy 

 

• Genetically modified peripheral blood lymphocytes 

 

• inserting a tumor-reactive TCR 

• inserting a tumor-reactive CAR 

 

• using retroviral insertion  

• using lentiviral insertion 

• using transposon-based insertion  

 

 

 

Steven A. Rosenberg Nature Reviews Clinical Oncology (2011) 



Role for T cells in cancer 



Steven A. Rosenberg Nature Reviews Clinical Oncology (2011) 

Tumor infiltrating lymphocytes: TIL therapy in melanoma 

 

From: Restifo et al., Nat Rev Immunol 2012 

Response rate 40-70% 



Besser et al., Clin Canc Res 2013 

Overall survival of metastatic melanoma 

patients treated with TIL (ITT analysis) 

1-year OS: 46%  

2-year OS: 30% 



Prior to TIL 3 wks post TIL 12 wks post TIL 8 wks post TIL 

Biopsy at wk 7 showed no viable tumor cells 

Clinical data N10TIL003: ongoing complete response  4 years 



Immunotherapy of melanoma:  TIL therapy 

TIL are grown 

from melanoma 

tumors 
Rapid Expansion 

1x1011 T cells A few million T cells 

 



-  Which cytotoxic T cells mediate cancer regression? 

-  Could we specifically boost their numbers? 

? 

Infusion of 

TIL + IL-2 

Rapid Expansion 

The big unknown 

Patient pretreated with 

lymphodepleting 

chemotherapy 

Tumor-infiltrating 

lymphocytes 

(TIL) are grown from 

melanoma tumors 



1. Self antigens (to which tolerance is incomplete) 

    Shared between patients 

 

2. ‘Neo-antigens’, epitopes that arise as a  

    consequence of tumor-specific mutations 

    In large part patient-specific, hence generally 

    ignored 

What could tumor-specific cytotoxic T cells detect 

on human cancer? 



Generation of pMHC multimers by UV-induced peptide exchange  

Peptide 1 Peptide 2 Peptide 3 

Disintegration 

Rescue 

Peptides 

Toebes et al. Nat. Med. 2006 

Bakker et al. PNAS 2008 

Allows generation of 1000s of pMHC in parallel 



Generate fluorochrome  

conjugated MHC multimers 

Mix to create a collection 

of differentially encoded  

MHC multimers 

Assembly of combinatorial  

codes on T cell surfaces 

Analysis by flow cytometry 

T cell T cell T cell 

Self-assembling molecular codes 

Allows detection of 47 T cell responses in parallel 

Hadrup et al, Nat Methods 2009, Andersen et al, Nat Prot 2012.  



1. Self antigens (to which tolerance is incomplete) 

    Shared between patients 

 

2. ‘Neo-antigens’, epitopes that arise as a  

    consequence of tumor-specific mutations 

    In large part patient-specific, hence generally 

    ignored 

What could tumor-specific cytotoxic T cells detect 

on human cancer? 



Melanoma associated epitope panel 

Cancer/Testis antigens 
e.g. MAGE family 
27% 

Melanoma differentiation antigens 
e.g. MART-1 
18% 

Overexpressed antigens 
e.g. Survivin 
45% 

Unclassified antigens 
e.g. MG50 
6% 

Mutated antigens 
e.g. CDK4 
4% 

HLA-A2 restricted peptide panel includes 145 epitopes 

Kvistborg et al., Oncoimmunology 2012 



0.005-0.099 %

0.1-0.99 %

1.00-4.99 %

> 4.99 %

T cell responses are very low magnitude 
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Visualizing the composition of TIL 

Kvistborg et al., Oncoimmunology 2012 



TILs against shared tumor antigens 

• In the majority of TILs T cells specific for shared 

antigens can be found 

– Melanocyte differentiation Ags (Mart-1, gp100, etc) 

– Cancer/Testis gene products (NY-eso-1, MAGE, 

SSX-2, etc 

– Overexpressed Ags (Meloe etc.) 

• Low frequency (mostly below 1%) 

• No correlation with response 

Kvistborg et al., Oncoimmunology 2012 





1. Self antigens (to which tolerance is incomplete) 

    Shared between patients 

 

2. ‘Neo-antigens’, epitopes that arise as a  

    consequence of tumor-specific mutations 

    In large part patient-specific, hence generally 

    ignored 

What could tumor-specific cytotoxic T cells detect 

on human cancer? 



Isolate tumor cells 

Pt 003: complete response upon TIL therapy 

Screen with MHC  

multimer technology 

 

Resected tumor material 

 

Identify tumor-specific 

mutations 

 

 

 

Predict potential epitopes 

 

 

 

 

 

 Isolate tumor-infiltrating 

 T cells 
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VARST>M  MYLKG>V 

TIL infusion product 

WDR1N>K  LRP3T>S RBM12S>L  

Pt 003: complete response upon TIL therapy 

0.096 1.03 1.242 0.290 29 



TIL infusion product 

Pt 003: complete response upon TIL therapy 

Peripheral blood 

Pre therapy 2 months 6 months 12 months 34 months 
4.459 0.021 15.06 2.203 8.786 

VARST>M  MYLKG>V WDR1N>K  LRP3T>S RBM12S>L  

0.096 1.03 1.242 0.290 29 

 >450 fold increase in neo-antigen specific T cell reactivity upon TIL therapy  



Pt 008: CR upon TIL therapy 

Screen with MHC multimer technology 

 

Resected tumor material 

Isolate tumor cells        Isolate tumor-infiltrating T cells 

 

 

 

 

 

 
 

Identify tumor-specific mutations 

 

 

 

Predict potential epitopes 

 

 

 

 

 



23% 

0.172% 

Pt 008: CR upon TIL therapy 

Infusion TIL product                         

DHX33R>W 

RASSF1R>C 



23% 

0.172% 0.002% 

0.009% 

0.010% 

54% 

Major (>5000 fold) increase in neo-antigen specific T cell reactivity upon TIL therapy 

Pt 008: CR upon TIL therapy 

Infusion TIL product       Pre-therapy PBMNC         D7 post-therapy                        

DHX33R>W 

RASSF1R>C 



Pt 004: 

Screen with MHC multimer technology 

 

Resected tumor material 

Isolate tumor cells        Isolate tumor-infiltrating T cells 

 

 

 

 

 

 
 

Identify tumor-specific mutations 

 

 

 

Predict potential epitopes 

 

 

 

 

 



Pt 004: 

pMHC multimer B 
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DNAH17H>Y (0.003%) 
VLFEDAVAH > VLFEDAVAY 

CDK4R>L (1.604%) 
ARDPHSGHFV > ALDPHSGHFV 

GCN1L1L>P (0.407%) 
ALLETLSLLL > ALLETPSLLL 



  Enrich               Expand 

Compare 

Are neo-antigens superior cancer rejection antigens? 



Pre-enrichment Post-joint enrichment 

CDK4R>L 
   

 

 

 

 

   

 

 

 

 

   

 

 

 

 

   

 

 

 

 

   

       

    

   

       

    

2.2% 72.2% 

0.59% 20.2% 
GCN1L1L>P 

Combined         2.8%             92.4% 

Are neo-antigens superior cancer rejection antigens? 



1)  

Inject human 

melanoma  
(NSG-mice) 

3)  

Monitor tumor growth 

2b)  

Inject autologous 

neo-Ag enriched  

T-cell product 

2a)  

Inject autologous 

bulk T-cell product 



  Mock 

  Neo-antigen enriched TIL 

  Bulk-TIL (non-enriched) 

Neo-antigen enriched TIL can mediate superior tumor control 



1)  

Create human 

melanoma  

PDX model 
(NSG-mice) 



1)  

Create human 

melanoma  

PDX model 
(NSG-mice) 

2b)  

treat with T cells 

transduced with 

autologous Neo Ag 

specific TCRs 

2a)  

treat with T cells 

transduced with 

autologous C/T Ag 

specific TCRs 

 

Assess whether neo-antigen specific TCRs outperform C/G specific TCRs 



           *   2 TCRs, against CDK4 and GCN1L1 neo-antigens 

           **  4 TCRs, against 3 MAGE-C2 epitopes, 1 MAGE-A10 epitope 

Do neo-antigen specific TCRs* outperform C/G antigen specific TCRs**? 
caution: n=1 expt, repeat ongoing 



What have we learned from TIL therapy? 

• TIL contain oftentimes many melanoma-

specific CD8 and CD4 T cell populations 

– Against shared antigens (MDA, C/T, 

overexpressed) 

– Against neo-antigens 

• Upon infusion of TIL, the tumor-reactive 

CD8 and CD4 T cell compartment is 

broadened in melanoma patients 



What have we learned from TIL therapy? 

• Objective clinical response rates vary 

between 38% and 72% of treated 

melanoma patients in phase II clinical 

trials (mostly heavily pretreated pts) 

• Median OS in this group 16 months 

• Patients with CR upon TIL have an 

excellent prognosis 

 



How does TIL compare to other therapies? 

DTIC 

24% 

Ipilimumab 

41% 

Vemurafenib 

53% 

Dabrafenib 

+ Trametinib 

74% 

Nivolumab/ 

Pembroli- 

zumab 

74% 

Ipi+ 

+Nivo* 

85% ? 

50% ? 

TIL* Young 

TIL* 

68% ? 

* no phase 3 data 

McArthur et al. Lancet Oncol 2014;  Hodi et al. NEJM 2010;  based on Rosenberg and Dudley Curr Opin Immunol 2009; 

McArthur et al. Lancet Oncol 2014; based on Dudley et al. JCO 2013; Long et al. Lancet 2015; based on Robert et al. NEJM 

2015; prediction based on Larkin et al. NEJM 2015 and Sznol et al. ASCO 2014 

 

1-year OS results 



Comparison between TIL and checkpoint inhibitors 

• TIL: one treatment 

• Surgery is required 

• Complex GMP  and 

patient specific 

production process 

• Drop-out rate up to 25% 

of pts 

• In hospital (2-3 weeks) 

• Predictable and 

manageable side-effects  

• High treatment costs 

 

 

• Ipilimumab: 4 infusions 

• Anti-PD1: >>4 infusions 

• Off-the-shelf product 

 

 

• No ipilimumab in LDH > 2x 

ULN 

• Outpatient clinic 

• Unpredictable, but 

manageable side effects 

• Even higher treatment costs 



How to further develop TIL therapy 

1. Approval of TIL therapy as treatment option for MM 

– RCT 

– A large phase II trial in checkpoint inh failing pts 

2. Enrichment for tumor-reactive TIL 

 

3. Generate a personalized TIL product 

 

4. Expand TIL therapy beyond melanoma 



How to further develop TIL therapy 

1. Approval of TIL therapy as treatment option for 

MM 

– RCT 

– A large phase II trial in checkpoint inh failing pts 

2. Enrichment for tumor-reactive TIL 

 

3. Generate a personalized TIL product 

 

4. Expand TIL therapy beyond melanoma 



Randomized phase III study comparing TIL 

based ACT to standard ipilimumab 

treatment in metastatic melanoma 

Taking the next step for TIL based ACT  

To obtain EMA approval of ‘classical’ TIL therapy as an ATMP 

• NL: 

– John Haanen: NKI-AVL, Amsterdam, The Netherlands 

• DK:  

– Inge Marie Svane: Herlev Hospital, Copenhagen,  

• UK: 

– Robert Hawkins: University of Manchester and the Christie 
NHS Foundation Trust, UK 



Phase II trial in refractory MM patients 

• Lion Biotechnology  



How to further develop TIL therapy 

1. Approval of TIL therapy as treatment option for 

MM 

– RCT 

– A large phase II trial in checkpoint inh failing pts 

2. Enrichment for tumor-reactive TIL 

 

3. Generate a personalized TIL product 

 

4. Expand TIL therapy beyond melanoma 



Gros et al., J Clin Invest 2015 

PD1 identifies patient-specific tumor-reactive TIL 



How to further develop TIL therapy 

1. Approval of TIL therapy as treatment option for 

MM 

– RCT 

– A large phase II trial in checkpoint inh failing pts 

2. Enrichment for tumor-reactive TIL 

 

3. Generate a personalized TIL product 

 

4. Expand TIL therapy beyond melanoma 



Cohen et al., J Clin Invest 2015 



How to further develop TIL therapy 

1. Approval of TIL therapy as treatment option for 

MM 

– RCT 

– A large phase II trial in checkpoint inh failing pts 

2. Enrichment for tumor-reactive TIL 

 

3. Generate a personalized TIL product 

 

4. Expand TIL therapy beyond melanoma 







Mutation-specific TIL in GI cancers 

harboring a low mutational load 



Infusion of gene-modified T 

cells 

Kershaw et al. Nat Rev Cancer 2013 



CAR T cell concept 

Ramos et al. Ann Rev Immunol 2016 



Further development of CARs 

Ramos et al. Ann Rev Immunol 2016 



Success of CD19 CAR T cell therapy 

Srivastava & Riddell Trends in Immunol 2015 



Maude & Barrett Br J Hematol 2015 



TCR gene therapy 

• 2006: MART-1 TCR gene therapy 

– RR 13% (n=15)  
(Morgan et al., Science 2006) 

• 2008: MART-1 and gp100 TCR gene therapy 

– RR  30% (MART-1 TCR; n=20) 

– RR 19% (murine gp100 TCR; n=16) 
(Johnson et al., Blood 2009) 

• 2011: NY-eso-1 TCR gene therapy 

– RR 45% (n=11) 

 (Robbins et al., J Clin Oncol 2011) 

• 2012 MAGE-A3 TCR gene therapy 

– Aborted due to unexpected toxicity 

 



Potential toxicities of TCR gene therapy (I) 

Schumacher, Nat Rev Immunol 2002 

Bendle et al., Nat Med 2010 



Selection of TCR and modification of vector 

  1D3optHMCys: 

 

  - 1D3 TCR recognizes MART-I epitope (from vaccinated patient) 

  - codon-optimized for optimal expression 

  - additional disulfide bond to prevent mispairing with endogenous TCR chains* 

  - murine instead of human constant region to further reduce mispairing 

  - 2A peptide between alpha and beta chain for equimolar production 

 

  Retrovirus: 

  - MP71 retroviral vector (good expression and used elsewhere in clinical trials) 

a- Mouse C 

b- Mouse C 

s s 

a- Human  V 

b- Human  V 

(Kuball Blood 2007, Cohen Cancer Res 2006&2007) 

C
D

8
 

MART-1 Tm 

63% 

* 



Potential toxicities of TCR gene therapy  

• On and off-target toxicity 

– Melanocyte differentiation antigens 

• Vitiligo; uveitis; Vogt-Koyanagi-Harada syndr. 

– MAGE-A3 

• CNS toxicity (cross-reactivity with MAGE-A9 

peptide) 

• Cardiac toxicity (cross-reactivity with myocardiac 

peptide) 

– CEA 

• colitis 



• TIL research and therapy has contributed 

extensively to our understanding of cancer 

immunity 

• TIL therapy and adoptive therapy of gene 

modified T cells will be developed further to 

become a (personalized) drug treatment 

• These therapies may be combined with other 

(non)-immunotherapies in the future 

• Use of gene modified T cells: 

– Extremely promising in hemato-oncology 

– Promising in solid tumors (especially TCR modified T 

cells) 

Take home message 
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MHC-based technologies 
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