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Adoptive T Cell Therapy Immune Checkpoint Blockade

Immunotherapy : A Renaissance in Cancer Treatment



Hodi et al, NEJM 2010
Topalian S L et al. JCO 2014

Lawrence et al, Nature. 2013

Anti-CTLA4 Anti-PD1

Clinical Outcomes following Immune Checkpoint Inhibitor Therapy

Correlation with Endogenous Tumor-reactive Population?



Endogenous Immune Response

• Endogenous population of tumor reactive T 
cells

• Transfer of such T cells to patients with low 
endogenous frequency will lead to more 
effective combined therapy 
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Renaissance in Immunotherapy 
Through Basic Research
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• Non-cross-resistance to chemotherapy, radiation therapy

• Multiple killing mechanisms

• Potential for ‘memory’ = longterm protection = remission

• Single vs multiple lifelong administration

T Cell Tumor Cell

pMHC

TCR
Tumor Antigen 

Immunotherapy vs. Conventional Therapy
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TIL 

enrichment
IL-2

TIL
Tumor-infiltrating
Lymphocytes

How to make T cells?

Cytoxan (60 mg/kg)
Fludarabine (25 mg/m2)

TBI (200)

HD IL-2NMA
Myelo-
Ablative

TBI (1200)

Conditioning 
Lymphodepletion 



Tumor Infiltrating Lymphocyte

Dudley, JCO, 2008



Overall survival of patients receiving TILs with the chemotherapy preparative regimen alone 

(no TBI) or plus 2 or 12 Gy TBI.

Rosenberg S A et al. Clin Cancer Res 2011;17:4550-4557

Tumor Infiltrating Lymphocyte



Complete Responses in Patients who Failed Prior 
Immunotherapy

Rosenberg, CCR, 2012



TIL Response Rates can be reproduced at other 
institutions

Institution Patient # RR CR

NCI 
(Rosenberg, 2011)

43 49% 12%

Sheba Medical Center
(Itzhaki, 2011)

31 48% 13%

MD Anderson
(Radvanyi, 2012)

31 48% 6.5%



TIL 

enrichment
IL-2

TIL
Tumor-infiltrating
Lymphocytes

How to make T cells?

• No knowledge of tumor antigen required
• Effective for melanoma
• Possible other TIL+ tumors
• Serious toxicities, Selection bias

• Limit Conditioning
• In vitro Selection
• Enhance Trafficking
• Overcome Immune Resistance

• Low-dose lymphodepletion/ Post-infusion IL2/other
• CD137 / PD1 
• Chemokine / TME modulation 
• TGF-B
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Chimeric 
TCR + zeta

Chimeric   
Ig + zeta

Receptor Transfer

TCR/CAR
Engineered 
T cells

How to make T cells?

• Potential off-the-shelf
• Genetic enhancement possible
• Leukemia
• Potentially other malignancies
• Serious toxicities
• Regulatory/ Safety

• Subset, Dose
• Unique to B cell targets? 
• Synthetic Biology and Regulation
• Multivalent targeting 



Chimeric 
TCR + zeta

Chimeric   
Ig + zeta

Receptor Transfer

TCR/CAR
Engineered 
T cells

How to make T cells?

Sadelain M et al. Cancer Discovery 2013;3:388-398



Targeting CD19 for B cell malignanices with CAR T cells

Persist > 6 months,
>1000-fold expansion 
>1000:1 killing, 
> 1 kg tumor
No immunogenicity

Brentjens et al Sci Transl Med. 2013 5(177). (ALL)

Kochenderfer et al Blood 2010 11:4099  (NHL)

Porter et al N Engl J Med. 2011 365(8): 725–733. (CLL)



19
Wang et al, J. Hemat. & Onc. V 10, N 53, pp 1-11, 2017.

19/ 45 are CD19- relapses (> 30 %) 

Targeting CD19 for B cell leukemias
with CAR T cells



NOVARTIS FOR B CELL LEUKEMIAS

GILEAD (KITE) FOR B CELL LYMPHOMAS



Baseline

D14

M3 (sCR)

Clearance of Myeloma in the Bone 
Marrow by IHC as Early as Day 14

2
1

Targeting BMCA for Multiple Myeloma
with CAR T cells

Jesus G. Berdeja, MD1, et al. ASCO 2017
Ali et al Blood 128:1688, 2016



• RNA-CAR therapy

• Bispecific CAR therapy

• Synthetic CAR:

Sadelain M et al Nature 2017 545:423 
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Cell sorting
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How to make T cells?



Peripheral 

Blood

Source

Endogenous T Cell Therapy
(ETC)

< 0.001 %

• TCR repertoire
• “self-selected” affinity
• Unbiased from TIL

• Accessible
• Peripheral blood
• Low morbidity/Outpatient

• Regulatory simplicity
• Genetic modification

• Rapid deployment
• Discovery  Implementation
• Flexibility

• Time and labor-intensive
• “technically challenging”
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Antigen-specific T Cell Therapy
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Maus MV and June CH, 
Clin Immunol et al 2003 

Oelke M and Schneck
JP et al Nat Med 2003 

Butler MO et al STM 2011

Mitchell MS et al JCO 2002

Sun S et al, Immunity 1996 

Khammari et al, JID, 2009

Yee et al PNAS 2002
Hunder et al NEJM 2008
Chapuis et al STM 2013
Chapuis et al JCO 2016

Bollard, Rooney, Heslop, 
Brenner
JEM 2004. Blood 2005

Melanoma

Melanoma

Melanoma

NPC
HD
EBV-LPD

Melanoma

Melanoma
AML
Breast
MCC

Endogenous T Cell Therapy



• aAPCs (K562, CD80, CD83, HLA-A2)

• MART-1 specific CTL + IL-2/ IL-15

• Treatment plan: 

– CTL alone (no conditioning or IL-2)

Endogenous T Cell Therapy



Endogenous T Cell Therapy
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Endogenous T Cell Therapy



Persistence
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CD28
CD127

TCR

T cell
CD8+

A ‘more equal’ T cell



Naïve Central
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Effector
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What Flavor of T cell?
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CD127
CD28

TCR

T cell
CD8+

IL-2

‘helper-independent CTL (Tcm) ’

TNF-a

IFN-g CD28++
CD127+
CD45RO+

Priming with IL-21 Generates Central Memory-type T cell

J Immunol 2005
Blood 2008
Science Transl Med 2013



TC

R

T cell
CD8+

TC

R

T cell
CD8+

TC

R

T cell
CD4+

TCR

Central

Memory

CD8+

LD IL-2
0.250

LD IL-2
0.500

CTL#1

No IL-2 LD IL-2
1.000

CTL#1 CTL#1 CTL#1

2002
PNAS

1.0 3.3

CD4 

10                  x 109 / m2

CD4 CD4 CTL#1

0.3

2008
NEJM

CD8+
T cell clones

LD IL-2HD
Cytoxan

2012
PNAS

CD8+
T cells

LD IL-2conditioning

2013
STM

? IL-21 primed CTL =  persistence 



Peripheral 

Blood

Source

Endogenous T Cell Therapy
(ETC)

< 0.001 %

• TCR repertoire
• “self-selected” affinity
• Unbiased from TIL

• Accessible
• Peripheral blood
• Low morbidity/Outpatient

• Regulatory simplicity
• Genetic modification

• Rapid deployment
• Discovery  Implementation
• Flexibility

• Time and labor-intensive
• “technically challenging”



The Beer The Margarita

Beer Margarita paradigm

CD8
CD4
Tcm

Teff

Tfh

Th1-50

NK
NKT

CTLA4
PD1/PD-L1

GITR
OX40
CD40
CD137
Vaccine Therapy
Oncolytic Virotherapy
Radiation Therapy
Targeted Therapy
Chemotherapy



Costimulatory and Inhibitory Receptors
Rationale for CTLA4 Blockade



Blockade of Immune Checkpoint Inhibitor 
CTLA4



Blockade of Immune Checkpoint Inhibitor 
CTLA4



• Transferred tumor antigen-specific T cells enhanced 
proliferative potential

• Endogenous tumor antigen-specific T cells – lower 
threshold for activation

– Leads to antigen-spreading

– Multivalent response

• Eradicate / Modulate function CTLA4+ Tregs 

Blockade of Immune Checkpoint Inhibitor 
CTLA4



LD IL-2

IL-21-CD8+
T cells

Anti-CTLA4 
(D1)

Anti-CTLA4 
(D22/W3)

Anti-CTLA4 
(D43/W6)

Anti-CTLA4 
(D64/W9)

CD127
CD28

TCR

T cell
CD8+

IL-2

TNF-a

IFN-g
• Metastatic Melanoma
• HLA-A2+
• MART-1
• 1010 cells/m2

Phase I/II Trial of Adoptive T Cell Therapy in 
Combination with Immune Checkpoint Blockade

J Exp Med 2016
J Clin Onc 2016

Aude Chapuis
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Clinical Responses In Patients with Metastatic Melaonma
Receiving Adoptive T Cell Therapy And Concurrent Anti-CTLA4

J Exp Med 2016
J Clin Onc 2016
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J Exp Med 2016
J Clin Onc 2016



Clinical Response 

Adoptive CTL therapy + anti-CTLA4

J Exp Med 2016
J Clin Onc 2016





Persistence



Acquisition of Central Memory Markers
Correlates with Clinical Response



Ilana Roberts
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Responders Non- Responders

Chapuis and Yee et al
J Clin Onc 2016
J Exp Med 2016



Conclusions

• Combination of T cell therapy and anti-CTLA4 leads to 

establishment of long-lived central memory T-cells.

• Evidence of epitope spreading was observed in patients with 

tumor regression/stable disease. 

• Established a highly effective outpatient strategy 

• > 60% disease control in patients with metastatic dz

• Phase II study -> 30 patients (MD Anderson Cancer Center)



Challenges

• Non-melanoma solid tumor 

malignancies

• Streamline process.



Considerations for Antigen 

Selection

• Tumor-Essential
– Driver mutation (K-ras)
– Tumorigenicity (HPV, Polyoma T Ag)

• Tumor-Supportive
– Proliferation (WT1, Suvivin)
– Receptor (EphA2, Her2)
– Metastatic/Stroma (FAP, CT antigens, VEGF)

• Tumor-Non-Essential
– Differentiation antigens (MART-1, PSMA)
– Tissue-specific (BCMA, B cell)



CTL
Tumor cell lysis

Cytokine release

Tumor 

cell

TCR

MHC 

class I

Non-mutated  antigens  (normal)

Mutated  antigens  (aberrant)

 Self Ags - ubiquitous, not tumor-specific (eg. actin, vimentin) > 98%

 Tissue differentiation Ags (eg. tyrosinase, MART-1)

 Cancer / testis Ags (eg. MAGE, GAGE, NY-ESO-1)

 Over-expressed in tumors (eg. KIT, HER2, MDM2)

 Single point mutations

 Deletions / insertions / frameshifts

 Fusion peptides / mis-spliced / intron translation

Specificity: 

Tumor-associated Antigens

Self

Foreign

Immuno-

genicity

G. Lizee

Viral Antigens



MELANOMA, LUNG CANCER, OVARIAN CANCER, COLORECTAL CANCER, PANCREATIC CANCER, SARCOMA

Antigen Discovery by MS/MS and 

RNAseq/Exome Sequencing

Rammensee H-G, Schreiber R, Mardis E, Wu C, Hacohen N, Schumacher T, Hinrichs C, 
Rosenberg SA, Sagin U

(”Targeted Neoantigens in Cancer Immunotherapy” Cancer J 2017;23)



Greg Lizee

Discovery of Novel Pancreatic Antigen by 

MS/MS and RNAseq/Exome Sequencing

Natural Eluted Peptide

Synthetic Isotope-labeled Peptide

Diagnosed with Stage IV pancreatic 

adenocarcinoma (lung mets).

Cell line derived and analyzed by MS

Epitope derived antigen confirmed by RNAseq



Tumors
(TCGA)

Normal tissues
(GTex)

PANCX demonstrates a favorable tumor overexpression profile 



Peptide Vaccine
RNA Vaccine
Viral Vaccine

?formulation
?adjuvant
?schedule/dosing
?tumor burden
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APC + peptide

STIM 
1

+IL-21

①

③

④

⑥

⑤

❶

❷

❸
②

ETC 

TCR-engineered



Conclusions- II

• Non-melanoma solid tumor malignancies can be targeted by ETC

• MS/exome/RNA seq analysis yield ‘new’ epitopes that can elicit peptide-
specific T cells 

• Such T cells are capable of recognizing tumor cells presenting endogenous 
antigen

• Peptide epitopes identified by this approach are immunogenic and may 
represent shared potential tumor rejection antigens



Challenges

• Non-melanoma solid tumor 

malignancies

• Streamline process.
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Source
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Streamline Process
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Source

T Cell Therapy: Enabling Technologies

Turnkey Operation

APC + peptide
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1
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ExpansionSelection
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The Beer The Margarita

Beer Margarita paradigm

CTLA4
PD1/PD-L1

CD8
CD4
Tcm

Teff

Tfh

Th1-50

NK
NKT

Cytokines
Chemokines

Genetic
Modification
-safety

-knockdown
-conditional expression

GITR
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CD40
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Vaccine Therapy
Oncolytic Virotherapy
Radiation Therapy
Targeted Therapy
Chemotherapy



Post-infusion 
Immunomodulation

CD127
CD28

TCR

T cell
CD8+

IL-2

TNF-a

IFN-g

‘’Transferrable Biomarker’

Analysis of antigen-specific T cells
Pre-vs Post-immunomodulatory therapy

Tetramer+ T cells
From PBMC

Post-Immunomodx

Tetramer+ T cells
From PBMC

Pre-Immunomodx

Antigen-specific 
T cells

Pre-infusion

- In vivo frequency
- In vivo persistence
- In vivo trafficking
- In vivo function
- Differentiation/phenotype
- Transcirptional signature



Future Challenges
1. Conditioning

– Engineered vs Endogenous T Cell therapy

2. Targets
– Personalized vs Impersonalized

– Antigen-spreading vs Multivalency

– Tumorigenic? 

3. Effector Cell
– Gene-editing/Backpacking/Modification

• Survival

• Safety

• Efficacy

– Innate vs Adaptive

4. Combination
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