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Cancer is one of the most complex biological system of all

ñThe whole is greater than the sum of its partsò, Aristotle

-> Systems biology in human cancer

Molecule X

Pathway Y

Cell Z

Tumor microenvironment
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Mascaux C. é Galon J.  Nature 2019 accepted
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Pre-Neoplastic / Pre-Cancer Lesion evolution

Mascaux C. é Galon J.  Nature 2019 accepted
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What is the importance of the pre-existing

immunity within tumors ? Does it matter ?

MacCarty WC, Mahle AE. 

Relation of differentiation and lymphocytic infiltration to postoperative longevity in gastric carcinoma. 

J Lab Clin Med 1921 ; 6:473.



A Novel Paradigm for Cancer

Galon J et al .  Science 2006 

Immune contexture

The foundation a new 

concept

V Immunohistochemistry (IHC) 

V Digital Pathology

V Quantitative immune cell infiltration

Type/Density/Location

V Gene expression profiling

V Qualitative immune signature
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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
V High Immunoscore

V Inflammed tumors 

V Strong pre -existing adaptive 

immunity

V Low Immunoscore

V Non -Inflammed tumors 

V Weak/absent pre -existing adaptive 

immunity



A Novel Paradigm for Cancer

Parameters

Å T-stage

Å N-stage

Å Differentiation

Å 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

ñImmune Contexture ò:

VType

VDensity

VLocation

VImmune functional orientation



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, TVACTé

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

 



Pages et al. The Lancet  2018



Relative variable contribution to risk 

Chi squared proportion (ɢĮ) test for clinical parameters

Pages et al. The Lancet 2018

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

Cox Multivariate



Is there an immune escape at the metastatic stage

?



Metastasis analysis

Colorectal cancer

One primary tumor

ü Immunoscore within multiple metastases at different sites

N=603 metastases

Liver Metastasis Lung Metastasis

Multiple metastatic sites

Mlecnik et al. JNCI2018

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

ü The 4 proposed theories of cancer evolution

ü 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



What drives metastasis?

Primary tumors

Synchronous metastases

Metachronous metastases

Metachronous metastases

Metachronous metastases

Etc Χ > 11 years
Multi-Omics technologies



V ExomeSeq deep analysis of all synchronous and metachronous metastases  

Mutational landscape across metastases

Unique

Shared
between 
primary
and Meta

Shared
between 
Meta



V Highly heterogeneous genomic patterns between metastases

Genomics of primary tumors and metastases



Mlecnik et al.  Immunity 2016

Genetic analysis of missense and frameshift immunogenic mutations (epitopes)

Observed compared to expected frameshift and missense 

epitopes (immunogenic mutations) using ExomeSeq data

Silent mutations

PanCancer rate (n=3659 Pts.)

Non-immunogenic mutations

Expected immunogenic mutations

Observed immunogenic mutations 

V ExomeSeq

V RNAseq

V Mutations detection

V Variant calling

V HLA haplotypes prediction

V Epitopes prediction

V HLA / TCR peptide binding 

prediction

V Immunogenicity scores



Phylogenetic trees

V Transmission of tumor clones from 1 meta to consecutive meta

V Multi-parallel tumor  evolution

V Highly diverse tumor clones

V Up to no trunk mutation Angelova M. et al.  Cell2018



Primary tumors

Clonal dissemination ïParent/child-relationship

Synchronous meta

Metachronous meta

11 years



Cellular prevalence of tumor clones

V Tumor clones quantification

V Cellular prevalence of clones within metastases

MetastasesMetastases

Angelova M. et al.  Cell2018



V Clonal evolution and cancer evolvogram

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

Evolvogram of tumor clones



V Immunomics patterns and immune cell infiltration within metastases

Immune cell densities (cells/mm2)

Immune microenvironment

Angelova M. et al.  Cell 2018

Spatial profiling



V For Immunoediting to occur, High-Immunoscore is necessary 

V Immunoscore is not sufficient, since High-Immunoscore may not show immunoediting

Immunoscore and Immunoediting within metastases

Immunoscore
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V Eliminated clones are immunoedited

V Non-recurrent clones (<4 years) have a low immunoediting score

V Persistent clones are immune privileged (not-immunoedited)

Elimination of Immunoedited clones

Angelova M. et al.  Cell2018



V Immunoediting and Immunoscore are associated with metachronous metastasis 

recurrence

Metastasis recurrence



V Cox multivariate analysis revealed 4 parameters associated with metastatic dissemination:

V Immunoscore, Immunoediting, the distance between CD3 T-cells and Ki67+ tumor cells, and the 

size of the parent metastasis

Multivariate analysis of all genomics and immunomics parameters



V Model for cumulative probability of recurrence

V -> Prediction model

Predictive model of clonal recurrence



What drives metastasis? Conclusions

Immunoscore - Immunoediting 

Angelova M. et al.  Cell 2018

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



What drives metastasis? Conclusions (2)

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

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

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

Angelova M. et al.  Cell2018



What drives metastasis? Conclusions (3)

ü Parallel selection model describes tumor evolution during the metastatic process. 

ü Immunoediting and Immunoscore are predictive factors of metastasis recurrence.

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

associated metastasis recurrence. Angelova M. et al.  Cell2018



Models

LINEAR NEUTRAL BIG-BANG BRANCHED

Immune pressure from Darwinian selection

NO NO NO NO YES

SELECTION

ü Parallel immune selection model

ü 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



Deciphering the tumor immune microenvironment:
Clinical implications

CD3
Tumor

Clinical implications

Predictions Response to immunotherapies
(CTLA4, PD1, PDL1, é)

ñColdòTumor
I 0

ñHotòTumor
I 4

Need T -cell priming
Cancer vaccine

But it is not as simple since biology is complex and is not dichotomized in good & bad 



Treating hot, altered and cold immune tumors with immunotherapy

Galon J. & Bruni  D.

Nature Reviews Drug Discovery 2019



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
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