
Immunotherapy: 
Harnessing the immune system to fight cancer



The concept of immunological 
surveillance

“ In large long-lived animals, inheritable changes must 
be common in somatic cells and a proportion of these 
changes will represent a step towards malignancy.  It is 
an evolutionary necessity that there should be some 
mechanism for eliminating or inactivating such 
potentially dangerous cells and it is postulated that this 
mechanism is of immunological character.”

F.M. Burnet, Prog. Exp. Tumor Res. Vol 13, p1-27, 1970.



Somatic mutations in tumors creates a 

neoantigen repertoire 

Value of 10/Mb: 
150 nonsynonymous mutations within expressed genes

Schreiber and Schumacher, 2015



History of T-cell therapy in cancer. 

Roch Houot et al. Cancer Immunol Res 2015;3:1115-1122



Targeted therapy:
Monoclonal Antibodies & T cell based
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mAb

T Cell



Immunotherapy with Antibodies



Antibodies to modulate immunity 
and cancers

• Anti-cytokine antibodies in autoimmunity 

(e.g. anti-TNF; 2.5 billion/yr)

• Herceptin; 1.6 billion/yr

• Blocking of T cell inhibition in cancer (e.g. 

anti-CTLA-4, anti-PD1)



Prophylactic cancer vaccines: 
Liver cancer: HBV vaccine
Cervical cancer: HPV vaccines (Gardasil and 
Cervarix)



Most cancer antigens are intracellular proteins:they 

are recognized by TCR and not by antibodies



Adoptive Immunotherapy: Melanoma

Only really successful in melanoma.

TILs are rare to find and hard to isolate in other types of cancer

• 1988: 5/85 (34%) complete responses (CR)
(Rosenberg et al  N Engl J Med 1988)

• 2002: TIL + chemo achieving OR up to 47% 
(Dudley et al Science 2002)

• 2008: TIL + TBI + nonmyeloablative chemo 

achieving OR up to 72%

(Dudley et al J Clin Oncol 2008)





Potential Sources of T Cells for Therapy



Introduction of a new/optimized TCR

Insert TCR into retro-viral vector

Clone DNA of antigen-specific TCR 
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TCR gene transfer: 
Problem of mispairing

Daniel-Meshulam et al. 2012

Problem of “ethnicity”
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CAR T cells: Avoidance of HLA restriction



Antibody, BiTE and CAR tumor treatments

Cabannes-Hamy and Boissel, 2017



CAR Generations

Eleanor J. Cheadle, Hannah Gornall, Vania Baldan, Vivien Hanson, Robert E. Hawkins, David E. Gilham. Immunological reviews, Jan 2014

• Extracellular single chain 
variable fragment (scFv) specific 
for a tumour associated antigen 
(TAA). 

• Linked to intracellular signaling 
domains which facilitates T cell 
activation



CARs in the clinic

https://www.cbsnews.com/news/car-t-leukemia-cancer-gene-therapy-fda/

Levine et al. Nat Rev Cancer 2016





Dramatic success of CD19-CAR-T cells…..

JCI, 2016

27 of 29 ALL patients went into remission: 93%

7 of 11 non-Hodgkin lymphoma patients treated with CAR T cells and improved 
chemotherapy went into complete remission: 64%



Linnette et al. Blood 2013; 

Heslop, Blood 2013;

Cameron et al Sci Transl Med 2013

But there are problems….

Death of two patients treated with MAGE A3 TCRs died of cardiotoxicity

Cross-reactivity between the HLA A1-restricted MAGE A3 and Titin

….amino acid scanning approach
Cameron et al. Sci Transl. Med. 2013



-Many patients don’t respond to immunotherapy

-T cells are not active against tumor antigens

-T cells don’t persist

Issues….

- Type of T cells to transduce (naive/effector/memory/etc..)

- Optimizing Ex vivo culture conditions/selection to:

Avoid exhaustion / Enhance effector functions?

- Optimal chemotherapy/ 

TBI

? Why are CD19-CARs so much more potent than all other CARs…



Significant differences in CD19-CAR chemotherapy protocols….

Kalos et al 2011
Bendamustine
Bendamustine/Rituximab 
Pentostatine/Cyclophosphamide 

Porter et al 2011
Pentostatine/cyclophosphamide 

Brentjens et al 2011
None
Cyclophosphamide

Grupp et al 2013
None
Etoposide/ Cyclophosphamide

Lee et al 2014
Cyclophosphamide

Turtle et al 2016
Cyclophosphamide
Fludarabine/Cyclophosphamide

Turtle et al 2016
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by ELISA
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stromal and cytokine micro-environment following chemotherapy and irradation

Role of metabolism…

Modulation of T cell fate by…



Erika Pearce and colleauges, Cell 2015

Tumor and T cells compete for glucose and other nutrient resources….



Can expression of the Glut1 glucose transporter be used to 

select T cell subsets with distinct effector functions?
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Problems with CAR T cell therapy



Enhancing CD8+ T cell immunotherapy: Preclinical studies



T cell co-signaling: an extended family of 

receptors and ligands

DC/tumor cell                    T cellDC/tumor cell                    T cell

Checkpoint inhibitors keep T cells in ‘check’ 

so they do not attack normal tissue



Dana Farber Cancer Institute



T cell co-signaling: like people’s hugs

‘The inhibitory hug’

PD-1

CTLA-4
No comment

‘The stimulatory hug’

OX40

4-1BB
One hug...two happy people

‘The no hug

Harmless or not?



Improved Survival with Ipilimumab in Patients

with Metastatic Melanoma
N Engl J Med. 2010, 363:711

N Engl J Med. 2012 Jun 28;366(26):2443-54

Safety, activity, and immune correlates of anti-PD-1 

antibody in cancer 

Challenge: Autoimmune side effects due to 

‘global’ T cell activation

SOME “FIRST” CHECKPOINT INHIBITOR TRIALS



Efficacy of PD1 inhibitors correlates with tumor mutational status  

Yarchoan et al. NEJM, 2017



T cells induce inflammation even if target antigen is 

expressed in minute quantities on healthy cells

T cell co-signaling antibodies

Ipilimumab or Nivolumab: Grade 3-4 SAE in 15-25% of pts, deaths in up to 2% of pts

Ipilumimab+Nivolumab: Grade 3-4 SAE in 50% of pts

Pembrolizumab: Grade 3-4 SAE in 20% of pts

Grade 3-4 SAE are mostly inflammation of skin and/or gastrointestinal tract, and liver enzyme abnormalities

Adoptively transferred T cells

TILs: Vitiligo and uveitis in 35 and 15% of pts, respectively

CAR T cells: B-cell anaplasia and cytokine release syndrome in responding pts (CD19 target)

Liver enzyme abnormalities in 50% of pts (CAIX – Rotterdam study)1

Respiratory distress and death of pt (ERBB2)

TCR T cells: Severe melanocyte destruction of skin, eyes and ears in 25% of pts (MARTI/HLA-A2; gp100/HLA-A2)

Inflammation of colon in responding pts (CEA/HLA-A2)

Neurological toxicity in 33% of pts (2 out of 3 pts died) (MAGE-A3/HLA-A2, shared epitope)

Cardiac toxicity and death in 2 pts (MAGE-A3/HLA-A1, recognition of similar epitope)

PD1 inhibitors

Meta-analysis-6360 patients, 16 studies 2.9% incidence of pneumonitis*

1Lamers, JCO, 2006; Lamers, Mol Ther, 2013 *Wu et al. Scientific Reports 2017



And dangers of activating T cells by PD-1 inhibition…

Clinical trial NCT02631746 (nivolumab)- STOPPED after 3 patients

*Ratner et al. NEJM, May 2018



MART1-specific CTLs

2016

How to test/control for combined therapies…
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Use of bispecific CAR-T cells



Potential for bispecific antibodies: Bringing tumor antigens and T cells “together”

BiTE-
Bispecific T-cell engagers



T-cell Therapy



Multiple strategies are being used to optimize T-cell therapies for cancer….

Roch Houot et al. Cancer Immunol Res 2015;3:1115-1122



T cell co-signaling: clinical studies

Anti-CTLA4 mAb (Ipilimumab, BMS)

Phase III trial with vaccination, 137 melanoma pts: OR: 28%; CR: 2% (Hodi, NEJM, 2010)

Phase III trial with dacarbazine, 252 melanoma pts: OR: 14%; CR: 10% (Robert, NEJM, 2011)

Anti-PD1 mAb (Nivolumab, BMS)

Phase I trial, 94 melanoma pts: OR: 28%; CR: nr (Topalian, NEJM, 2012)

33 renal cell carcinoma pts: OR: 27%; CR: nr (Topalian, NEJM, 2010)

76 NSCLC pts: OR: 18%; CR: nr (Topalian, NEJM, 2010)

Phase III trial, 418 melanoma pts: OR 40%; CR: 8% (Robert, NEJM, 2015)

Anti-CTLA4 mAb (Ipilumimab)+anti-PD1 mAb (Nivolumab)

Phase I trial, 53 melanoma pts: OR: 40%; CR: 10% (Wolchok, NEJM, 2013)

Phase II, 142 melanoma pts: OR: 61%; CR: 22% (Postow, NEJM, 2015)

Anti-PD1 mAb (Pembrolizumab, Merck)

Phase I trial, 135 melanoma pts: OR: 38%; CR: nr (Hamid, NEJM, 2013)



Anti-PD1 therapy in

Melanoma

Renal Cell Carcinoma

Lung Cancer


