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Cancer is one of the most complex biological system of all

“The whole is greater than the sum of its parts”, Aristotle

-> Systems biology in human cancer

Molecule X

Pathway Y

Cell Z

Tumor microenvironment



Mascaux C. … Galon J.  

Nature 2019

MetastasisPrimary 

Carcinoma

Pre-cancerous 

lesions

Pagès F. … Galon J.  

Lancet  2018

Angelova M. … Galon J.  

Cell   2018

The continuum of cancer immunosurveillance

Phase 3 trial

Galon J. et al. Unpublished 
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The continuum of cancer immunosurveillance

Galon J et al. Immunity 2013 



What is the importance of the pre-existing

immunity within tumors Does it matter



A Novel Paradigm for Cancer

Galon J et al.  Science 2006 

Immune contexture

The foundation a new concept

 Immunohistochemistry (IHC) 

 Digital Pathology

 Quantitative immune cell infiltration

Type/Density/Location

 Gene expression profiling

 Qualitative immune signature

Quality

Inflammation

Adaptive 
immunity

Immune 
suppression

Survival

Optimized

Immunosign

IM



Immunoscore: a novel paradigm for cancer

Galon et al. Science 2006

Coordinated adaptive immune reaction (Immunoscore) more than tumor 

invasion predicts clinical outcome 

Low Immunoscore

Survival   (years)   

1 2 5 10 15

High Immunoscore
 High Immunoscore

 Inflammed tumors 

 Strong pre-existing adaptive 

immunity

 Low Immunoscore

 Non-Inflammed tumors 

 Weak/absent pre-existing adaptive 

immunity



A Novel Paradigm for Cancer

Parameters

• T-stage

• N-stage

• Differentiation

• Immunoscore

HR

1.2

1.4

1.1

1.9

P value

0.25

0.15

0.84

0.00001

Multivariate Cox Analysis

Galon J et al. Science  2006

“Immune Contexture” :

Type

Density

Location

Immune functional orientation

-> Immunoscore

-> Immunosign

Cells ->

Quantity ->

Spatial ->

Quality ->



To the Immunoscore

From the Immune contexture

(A simple and powerfull Immune Test)

(Complexity of intratumor immune reaction)

Implications for cancer classification and therapies ?



T-STAGE N-STAGE M-STAGE
Tumor cell 
extension 
and invasion

CD3+ T cells CD8+ T cells Density Location (CT, IM)ImmunoscoreHost immune 
response

Mucinous CMS1

CMS2Medullary

Adeno. NOS

Serrated

Signet ring cell

Enterocyte

Goblet-like

Transit-amplifying-S

Inflammatory

Stem-like

CIN

MSI

CIMP CMS3Transit-amplifying-R

BRAF

APC

KRAS

TP53

Morphology Cell of origin Molecular pathway Mutation status Gene expression

Tumor cell 
characteristics

Ways to classify

CTNNB1
Micropapillary

Cribriform comedo 
-type

CMS4

Galon et al. J Pathol. 2014

Colorectal cancer classifications



World Immunotherapy Council inaugural meeting (Feb 2012)

Support (moral) from the World Immunotherapy Council (WIC), and support from 
societies including, EATI, BDA, CCIC, CIC, CRI, CIMT, CSCO, TIBT, DTIWP, ESCII, NIBIT, 
JACI, NCV-network, PIVAC, ATTACK, TVACT…

Worldwide Immunoscore consortium (PI: J Galon)

The Immunoscore as a New Possible Approach for the 
Classification of Cancer

Assay 
harmonization

Immunoscore meetings :
- Feb 2012, Italy
- Dec 2012, Italy
- Nov 2013, SITC, USA
- Dec 2013, Italy
- Jan 2014, Qatar
- Jul 2014, Paris, France
- Nov 2014, SITC, USA
- Nov 2015, SITC, USA
- Dec 2015, Italy
- Feb 2016, USCAP, USA
- April 2016, USA
- Nov 2016, SITC, USA
- Dec 2016, Italy
- Feb 2017, USCAP, USA
- Dec 2017, Italy

Switzerland

Australia

Netherland
Belgium

Qatar

Canada

Japan

China

Immuno
score

Italy

Austria

Germany
Sweden

France
USA

UKCzech R

India

Switzerland

(17 countries: >3000 Stage I/II/III Colon cancer patients)

 



Pages et al. The Lancet  2018
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CD3CT

cells/mm2

Densities of CD3CT (cells/mm2) within tumors

 Whole slide quantification within the CT region

 Similar quantification were performed for CD3CT, CD3IM, CD8CT, CD8IM 

Quantification of  3855 patients

The Lancet 2018



Relative variable contribution to risk 

Chi squared proportion (χ²) test for clinical parameters

The Lancet 2018

Multivariate Analysis for Time to Recurrence (TTR)

All patients

P-values

<0.0001

<0.0001

<0.0001

c-index

0.73 (0.66-0.80) 

0.73 (0.67-0.80) 

0.73 (0.67-0.80) 

Immunoscore

2 groups

3 groups

5 groups



International validation of the consensus Immunoscore 

for the classification of colon cancer: 

Strong arguments for introducing a “I” for Immune 

into the classification of cancer: TNM-I



Immunoscore in locally advanced colon cancer

Stage III

Immunoscore Predictve value :

 IDEA, France, phase 3 clinical trial (3  months vs 6 months chemotherapy)

Unconclusive



Phase 3 randomized study of stage III colon cancer patients (IDEA) 

3 vs 6 months of chemotherapy  (n=1062)

High Immunoscore     Low Immunoscore

All Stage III treated with FOLFOX

High Immunoscore significantly predicts response to 6 months FOLFOX chemotherapy in all 

Stage III patients



Is there an immune escape at the metastatic

stage ?



Metastasis analysis

Colorectal cancer

One primary tumor

 Immunoscore within multiple metastases at different sites

N=603 metastases

Liver Metastasis Lung Metastasis

Multiple metastatic sites

Mlecnik et al. JNCI 2018

Van den Eynde M. et al. Cancer Cell 2018



What drives metastasis

What are the metastatic escape mechanisms 

A Novel theory of cancer evolution 



Current theories of cancer evolution

 The 4 proposed theories of cancer evolution

 All theories are tumor cell-centric. None involves a role of the immune system.

Models

LINEAR NEUTRAL BIG-BANG BRANCHED

Immune pressure from Darwinian selection

NO NO NO NO



Angelova M. et al.  Cell   2018



 Clonal evolution and cancer evolvogram

 Non-recurrent clones are immunoedited. Progressing clones are immune privileged

Evolvogram of tumor clones



What drives metastasis? Conclusions (1)

 Different escape mechanisms delineated by lack of adaptive immunity or immunoediting.

 Multiverse of metastases evolution in space and time under immune selection

Immunoscore - Immunoediting 



What drives metastasis? Conclusions (2)

 Evolution of tumor clones is linked to the intra-metastatic immune contexture.

 Non-recurrent clones are immunoedited. Progressing clones are immune privileged.



What drives metastasis? Conclusions (2)

 Immunoediting and Immunoscore are predictive factors of metastasis recurrence.

 Distance between CD3 + cells and tumor cells Ki67+ and metastasis size are also 

associated metastasis recurrence.



Models

LINEAR NEUTRAL BIG-BANG BRANCHED

Immune pressure from Darwinian selection

NO NO NO NO YES

SELECTION

 Parallel immune selection model

 Dynamic interaction of tumor-cells with immune-cells and Darwinian selection of 

immune escape variant, with parallel evolution and multiverse of metastases.

A Novel theory of cancer evolution



Adaptive immunity decreases with tumor progression

Bindea G. et al. Immunity 2013 Mlecnik B. et al. J Clin Oncol 2011 

CD8



Mascaux C et al.  Nature 2019



Oncogenesis of lung squamous cell carcinoma

Mascaux C et al.  Nature 2019

 Analysis of 122 pre-cancer lesions 
across 9 developmental stages



Developmental Stages

Proliferation

Immune

Develomental (EMT)

DNA damage

Heterogeneous

Metabolism

Heterogeneous

Ascending

Ascending from 
High-Grade

SCC Ascending

Descending

Descending from 
High-Grade

Biphasic 1

Biphasic 2

Immune functions mostly associated with genes ascending from high-Grade
Mascaux C et al.  Nature 2019

Main gene expression patterns across 9 developmental stages



Principal components evolution of the 9 developmental stages

Normal

Low Grade dysplasia

High Grade dysplasia

Squamous cell 

carcinoma (SCC)

Mascaux C et al.  Nature 2019



Immune activation across developmental stages

 Early Immune activation in Low-Grade dysplasia (Immune sensing)

 Adaptive immune activation and memory in High-Grade dysplasia

Mascaux C et al.  Nature 2019



 Decreased expression of co-inhibitors
in Low-Grade

 Increased expression of co-inhibitors
in High-Grade

 Increased expression of suppressive 
cytokines in High-Grade

Mascaux C et al.  Nature 2019
->    Immune evasion before tumor invasion (SCC)

Immune escape mechanisms in pre-cancer lesions



Immune activation and immune escape during lung oncogenesis

Activation of 
resident immune 

cells



Pre-Neoplastic / Pre-Cancer Lesion evolution

Mascaux C. … Galon J.  Nature 2019

Epithelial cells

Stroma

Tumor cells

Immune 

microenvironment

0 1 2 3 4 5 6 7 8Stages n=122 

lesions



Stratification of cancer based on the immune status

MSI-H MSS^ MSS/CIMP.hi MSS MSS-CIMP.lo

Tumor classification

Immune classification

IMMUNE

-> Importance of having standardized immune Assays

A B C D EMutations

Molecular
Tumor



Franck Pagès

Tessa Fredriksen

Florence Marliot

Lucie Lafontaine

Stéphanie Mauger

Amélie Bilocq

Bénédicte Buttard

Amos Kirilovsky

Marie Tosolini

Maximilian Waldner

Sarah Church

Pauline Maby

Helen Angell

Mihaela Angelova

Angela Vasaturo

Bernhard Mlecnik

Gabriela Bindea

Daniela Bruni

Anne Berger

Anna Obenauf

Michael Speicher 

Tchao Meatchi

Christine Lagorce

Patrick Bruneval

Galon lab. 
INSERM, CRC, Paris, France

Dpt. of General and Digestive Surgery, 
HEGP, Paris, France 

Institute for Genetics, 
Graz, Austria

Dpt. of Pathology, HEGP, Paris, France

Philippe Wind

Dpt. Digestive Surgery and 
Pathology, Avicenne, Bobigny, France

Martin Asslaber

Dpt. Pathology, Graz hospital, Graz, Austria

Clinic St Luc, Bruxelle, 
Marc Van den Eynde

Pornpimol Charaoetong

Zlatko Trajanoski

Institute for Bioinformatics, 
Innsbruck, Austria

University Clinic, Erlangen, Germany
Christopher Becker

Jean Baptiste Latouche 
Rouen University, France

Kroemer G, Zitvogel L, Tartour E, Sautès-

Fridman C, Fridman H, Zucman-Rossi J,

LabEx Immuno-oncology

Ville 

de 

Paris

Institut Curie, Paris, France
Hervé Brisse

Sylvie Bonvalot



Princess Margaret Hospital, University Health Network, 

Department of Pathology , Toronto, ON, Canada

Pamela S. Ohashi, Michael Roehrl, Prashant Bavi, 

Sara Hafezi-Bakhtiari, Bradly G. Wouters, Linh Nguyen 

Institute of Pathology, University of Bern, Bern, Switzerland

Alessandro Lugli, Inti Zlobec, Tilman Rau 

Galon lab. 

INSERM, Cordeliers Research Center, Paris, France

Franck Pagès, Tessa Fredriksen, Florence Marliot, Lucie Lafontaine, 

Bénédicte Buttard, Sarah Church, Pauline Maby, Helen Angell, Mihaela 

Angelova, Angela Vasaturo, Bernhard Mlecnik, Gabriela Bindea

Dpts. of Pathology *, Surgery $, Immunology #, HEGP, Paris, France 

Christine Lagorce *, Patrick Bruneval *, Anne Berger $, Franck Pagès #, 

Florence Marliot #, Nacilla Haicheur #

Department of Pathology, Providence Portland Medical Center, 

Portland, OR, USA

Carlo Bifulco

Laboratory of Molecular and Tumor Immunology, Earle A. Chiles 

Research Institute, Robert W. Franz Cancer Center, Portland, OR, USA

Bernard Fox

Research Branch, Sidra Medical and Research Centre, Doha, Qatar

Francesco M. Marincola

Thanks  (2)    Worldwide Consortium Centers

Department of Pathology and Oncology, Istituto Nazionale per lo 

Studio e la Cura dei Tumori, "Fondazione G.Pascale" Naples-Italy

Paolo A Ascierto, Gerardo Botti, Fabiana Tatangelo, Paolo Delrio,

Gennaro Cilberto 

Humanitas Clinical and Research Center, Rozzano, Milan, Italy

Fabio Grizzi, Luigi Laghi

Institut Roi Albert II, Cliniques universitaires St-Luc, 

Université Catholique de Louvain, Brussels, Belgium

Marc Van den Eynde, Jean-Pierre Machiels

Department of Pathology, University of Erlangen, 

Erlangen, Germany

Arndt Hartmann, Tilman Rau, Carol Geppert

Pathology Department, Radboud University Nijmegen 

Medical Center, Nijmegen, The Netherlands

Iris D. Nagtegaal, Elisa Vink-Borger

Institute for Advanced Medical Research, Keio 

University School of Medicine, Tokyo, Japan 

Yutaka Kawakami, Shoichi Hazama, Kiyotaka Okuno, 

Kyogo Itoh, Boryana Papivanova 

Department of Oncology-Pathology, Karolinska Institutet, 

Karolinska University, Stockholm, Sweden

Giuseppe V. Masucci, Emilia K. Andersson 

Department of Oncology, Medical School and 

general hospital, Prague, Czech Republic

Eva Zavadova, Michal Vocka

The Gujarat Cancer & Research Institute, Asarwa, 

Ahmedabad, India
Prabhu S. Patel, Shilin N. Shukla, Hemangini H. Vora, Birva Shah, 

Jayendrakumar B. Patel, Kruti N. Rajvik, Shashank J. Pandya

Institute for Cancer Research, Center of Translational 

medicine, Xi’an Jiaotong university, Xian, China

Yili Wang 

Department of Pathology, Sapporo Medical 

University School of Medicine, Sapporo, Japan

Toshihiko Torigoe, Noriyuki Sato

 


