
Jérôme GALON

Tumor microenvironment cell analyses: immunopathology

SITC Winter school, Houston, TX, USA
January 16th, 2020

 

INSERM, Laboratory of Integrative Cancer Immunology, Cordeliers Research Center, Paris, France

LabEx

Immuno

Oncology



Disclosures 

Co-founder and chairman of the scientific advisory board: 

 HalioDx

Collaborative Research Agreement (grants) : 

 Perkin-Elmer, IObiotech, MedImmune, Astra Zeneca, Janssen, Imcheck Therapeutics

Participation to Scientific Advisory Boards:

 BMS, MedImmune, Astra Zeneca, Novartis, Definiens, Merck Serono, IObiotech, 

ImmunID, Nanostring, Illumina, Northwest Biotherapeutics, Actelion, Amgen, Catalym,  

Merck MSD

Consultant :

 BMS, Roche, GSK, Compugen, Mologen, Gilead, Sanofi



Research versus clinical routine

Research purposes

 Complexity

 Dynamics

 Multiplex

 Discovery

Routine clinical purposes

 Simple

 Robust

 Reproducible

 Clinical Utility

 Guidelines

 EMA/FDA approval

 CLIA certification

 Reimbursment



Anatopathology
Tumor Morphology 

Tumor cell of origin

Tumor Molecular pathway

Tumor Mutation status

Tumor Gene expression

Current cancer classification
Tumor cell characteristics

Tumor cell 
extension 

and invasion

T-stage

N-stage

M-stage

Immune-based classification
Host immune response

Currently NONE

Cancer patient

Grade
Budding

Etc…
Stem cell

Gobelet cell
Etc…

MSI
CIN

Etc… CMS
Etc…

P53
KRAS
BRAF
Etc…

Angell & Galon  Clin Cancer Res. 2019



Concepts in Immuno-oncology

Galon J et al.  Science 2006

Galon J et al.  Cancer Res. 2007

“Contexture: the act of assembling parts into a whole; an arrangement of interconnected parts”

Concept

“Immune Contexture” :

Type

Quality

Quantity

Spatial

Complexity

Dynamics

Research purposes

Concept,  not a simple Biomarker

“Immunoscore” :

Digital pathology

Quantitative

Location

Simple

Powerful

Routine clinical purposes



The Immune landscape and the importance of the 
immune contexture

M+

N+

VELIPI+

Recurrence

Death

T-stage

Pre-cancer lesions

Oncogenensis

Progression

Dissemination

Invasion

Prognosis Immunotherapy
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Deconvolution of expression 

data from mixture of cells to 

infer single cell population 

results

Exploring tumor microenvironment using single cell data

Single cell analysis from 

isolated cells

 FACS phenotyping (10-30 markers/cell)

 CyTOF phenotyping (30-50 markers/cell)

 scExomeSeq (genome)

 scRNAseq (genome)

 IHC (1-10 markers/cell)

 Multiplex IF/multispectral  (4-9 markers/cell)

 Hyperion phenotyping (30-50 markers/cell)

 Barecoded DSP (40 markers/cell)

 Barecoded DSP (700 genes/cell)

 scRNAseq in situ (genome)

In situ Single cell analysis 

from tissue

 Tumor cell clones

 Immune cell subpopulations

 Bioinformatic software

 Need single cell validation 

MetastasisPrimary 

Carcinoma

Pre

Caner lesions



6-plex

Deeper spatial resolution of the tumour immune 

microenvironment using multiplex imaging 



KI67

DAPI



KI67

DAPI

CYTOKERATIN



PDL-1

KI67

DAPI

CYTOKERATIN



CD20

PDL-1

KI67

DAPI

CYTOKERATIN



CD20

PDL-1

FOXP3

KI67

DAPI

CYTOKERATIN



CD3

CD20

PDL-1

FOXP3

KI67

DAPI



Multispectral analysis using 7-Plex phenotyping

Fluorescent unmixed image Tissue segmentation Cell segmentation Cell phenotyping

Nearest neighour A -> B Nearest neighour B -> A Mutual neighours G fraction



Galon & Bruni Immunity 2020



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

 Immunohistochemistry (IHC) 

 Digital Pathology

 Quantitative immune cell infiltration

Type/Density/Location

 Gene expression profiling

 Qualitative immune signature

Quality
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Digital quantification of immune cells 

infiltrating tumors:   Immunoscore

IM: Invasive Margin

CT: Center

IM

CT



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 ->



Assessment of a novel marker for prognosis

multivariate analysis (COX) novel
marker

Gold standard 
UICC/TNM 
classification

No improvement for prediction

Novel
marker

P: ns

Immunoscore 
Immune

contexture

Novel concept for prediction +++

P<0.0001

AJCC/TNM

Novel concept

Not good marker

Better accuracy for prediction +

Gold standard 
UICC/TNM 
classification

Novel
marker

P<0.05Good marker



The overlap between the immunologic constant of rejection, 
the immune contexture and the Immunoscore

Immune

Functional 

orientation

IFNG

IL12

TBX21

IRF1

STAT1

MADCAM1

ICAM1

VCAM1

Quantification (cells/mm2)

Adaptive immunity, cytotoxic, memory T cells

Tumor center, Margin, Tertiary lymphoid ilets

Immune contexture

Immunologic 

Constant 

of Rejection
(other diseases)

CX3CL1

CXCL9

CXCL10

CCL5

CCL2

CXCL13

GZMA

GZMB

GZMH

GZMK 

PRF

GLNY

Type

Density

Location

Immunoscore

TH1 Cytotoxic Chemokines Adhesion

Galon et al. Science 2006

Galon J et al. Cancer Res 2007

Galon J et al. Immunity 2013 

Quantity

Spatial

Quality

Cells



Cox Multivariate analysis including Immunoscore

Galon J et al. Science  2006.     Mlecnik B et al. JCO 2011



“TNM staging: T is for T cell and M is for Memory”

Editorial: Broussard et al. JCO 2011

Galon et al. Science 2006, Mlecnik et al. JCO 2011

 An immune classification of cancer

 The power of the pre-existing immunity

 The possibility to unleash the immune response with immunotherapy

Multivariate Analysis



Essential role of the pre-existing immunity: The Immune contexture

Original publications

Galon et al.  Science 2006

Camus & Galon  Cancer Res 2009

Review

Galon J. & Bruni  D.

Nature Reviews Drug Discovery 2019

Major immune categories of tumors

 Immune infiltrated (Hot)

 Altered: Immune-excluded

 Altered: Immune suppressed

 Immune desert (Cold)



• The Immune Landscape in human cancer

• Evolution of the tumor microenvironment with tumor progression?

• Immune escape mechanisms in human tumors?

Understanding the evolution of the immune response with

tumor progression using systems biology

-> Spatio-temporal dynamics

of the immune response with tumor progression

Tis T1 T2 T3 T4
∆ ∆ ∆ ∆

T-Stage

Bindea G et al. Immunity, 2013 



“Immunome” of purified immune cell subpopulations
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Purified immune cell subpopulation : “Immunome”
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Understanding the evolution of the immune response along with tumor

progression using digital pathology
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Is the quantification of the pre-existing immunity

with Immunoscore clinically relevant ?

Patient 1 (weak) Patient 2 (moderate) Patient 3 (strong)

CD3
Tumor

Median OS 
(death)

< 2 years 4.9 years > 15 years

I 0 I 2 I 4Immunoscore
CD3/CD8
Center/Margin



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

CD3+ T cells CD8+ T cells Density Location (CT, IM)Immunoscore
Host 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)

 



Worldwide Immunoscore consortium (PI: J Galon)

Study design

Referent

Center

SOP

All

Centers

Control slides

Center

Referent

Center

All

Centers

QA/QC

Each

Center

Referent

Center

Slides

Slides

QA/QC

…
All centers

Referent 
Center 
for QC

Harmonization



Worldwide Immunoscore consortium (PI: J Galon)

Study design

Clinical data

Center

External 

Statistician

(Mayo)

All

Centers

All

Centers

Referent

Center

Immunoscore

Raw data

Clinical

data

TS IVS EVS

>1000 >1000 >1000 Pts.

Encrypted

data

Analysis

QA/QC



IMMUNOSCORE : METHODS

Faisability
IHC automate High-resolution 

scanner

whole slide quantification

Software (INSERM, HalioDx, Definiens)

Immunoscore 

-> Standardized Operating Procedure

-> Today’s tools for modern pathologists

Galon J et al. J. Transl. Med. 2012

Galon J et al. J. Pathol. 2014

Pages F et al. Lancet 2018

-> Quantitative Immuno-Pathology

Digital pathology

http://fr.wrs.yahoo.com/_ylt=AvwA0SQLTlvl7PeyEHdVrNFlAQx.;_ylu=X3oDMTBpaWhqZmNtBHBvcwMzBHNlYwNzcgR2dGlkAw--/SIG=1gs06o03n/**http://fr.images.search.yahoo.com/search/images/view?back=http://fr.images.search.yahoo.com/search/images?p=benchmark+ventana&y=Rechercher&ei=UTF-8&fr=fp-tab-sayt1?p=benchmark&x=wrt&w=191&h=226&imgurl=www.biolab.com.sg/images/ventana-benchmark-xt.jpg&rurl=http://www.biolab.com.sg/ventana-ls.htm&size=7.9kB&name=ventana-benchmark-xt.jpg&p=benchmark+ventana&type=jpeg&no=3&tt=15&oid=d8ae6c15274178ae&ei=UTF-8


Immunoscore using whole slide FFPE

Routine whole slide stainings & full image quantification

<100?     CD3+

>100?     CD3+

>500?     CD3+

>1000?   CD3+

>5000?   CD3+

>10000? CD3+

>50000? CD3+



Immunoscore using whole slide FFPE

Routine whole slide stainings & full image quantification

>88000 CD3+



Pages et al. The Lancet  2018



Immunoscore quality controls



1

10

100

1000

10000

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



Immunoscore quality controls

Very good correlation (R=0.97, P<0.0001) between independent digital quantification of 

Immunoscore (Immunoscore software) by 8 pathologists

Correlation between 8 pathologists from different countries using the software for the 

digital quantification of Immunoscore 

Pages et al. The Lancet  2018



Immunoscore quality controls

Very good concordance between independent digital quantification of Immunoscore 

(Immunoscore software) by 8 pathologists

Immunoscore quantification with digital pathology performed by 8 independent 

pathologists

-> 8 pathologists

Pages et al. The Lancet  2018



TIL evaluation on H&E slides quality controls

Poor correlation between Immunoscore quantification and TIL evaluation on H&E 

Comparison between and 11 independent TIL evaluation on H&E slides (mean score) and 

Immunoscore quantification by digital pathology

Pages et al. The Lancet  2018



Immunoscore quality controls

• Discordance between 11 independent TIL evaluation on H&E slides 

• Concordance between 8 independent Immunoscore quantification by digital pathology

• High Robustness and reproducibility of the Immunoscore quantification

Comparison of the concordance  between independent evaluation of TIL on H&E slides and 

Immunoscore quantification

concordanceconcordance

Pages et al. The Lancet  2018



Time to recurrence for Immunoscore (High/Int/Low)

Primary and Secondary objectives are reached

Immunoscore 3 groups (and 2 or 5 groups) predicted time to recurrence on Training Set (TS), 

and on 2 independent validation sets (IVS and EVS), blinded to clinical outcome.

TS IVS EVS

P< 0.0001

HR (0-2)= 0.19

C-index= 0.64

P= 0.0001

HR (0-2)= 0.27

C-index= 0.63

P< 0.0001

HR (0-2)= 0.33

C-index= 0.60

Low

Int

High

Low

Int

High

Low

Int

High

Low

Int

High

Low

Int

High

Low

ntt

High



Multivariate anlayses for Immunoscore

 Cox multivariate regression model for OS stratified by center, combining Immunoscore with T-stage, N-stage, 

gender, VELIPI, histological grade, mucinous-colloide type, sideness, and microsatellite status (MSI). 

 Immunoscore is the most significant parameter in multivariate analysis

Multivariate Overall Survival (OS) analysis stratifed by center

Gender Female vs Male 0.90 (0.72-1.12) 0.34

T Stage T2 vs T1 1.49 (0.62-3.57) 0.37

T Stage T3 vs T1 1.91 (0.84-4.38) 0.12

T Stage T4 vs T1 2.36 (1.01-5.55) 0.0484

N Stage N1 vs N0 1.16 (0.89-1.52) 0.28

N Stage N2 vs N0 1.58 (1.15-2.17) 0.0052

MSI Status MSI vs MSS 0.93 (0.68-1.27) 0.64

VELIPI Yes vs No 1.20 (0.94-1.54) 0.15

Diferentiation moderate vs Well 0.91 (0.66-1.24) 0.54

Diferentiation poor-undif vs Well 1.37 (0.9-2.08) 0.14

Mucinous (Colloid) Yes vs No 1.02 (0.78-1.33) 0.87

Sidedness distal vs proximal 0.96 (0.76-1.21) 0.74

Immunoscore Int vs Lo 0.67 (0.52-0.86) 0.0014

Immunoscore Hi vs Lo 0.47 (0.33-0.65) <0.0001

Hazard ratio (95%CI)     P-valueIndividual Parameters

The Lancet 2018



Relative variable contribution to risk 

Chi squared proportion (χ²) 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



Characteristics of good biomarkers

Hurdles for 

biomarker

• Routine

• Feasible

• Simple

• Rapid

• Robust

• Specific

• Quantitative

• Standardized

• Pathology-based

• Powerful

• Objective

• Reproducible

Immunoscore

quantification



























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

irAEs: immune-related Adverse Effects. 

irRC: immune-related Response Criteria 

(Wolchock et al. Clin Can Res 2009).

irRECIST: immune-related Response Evaluation Criteria In Solid Tumor 

(Wong et al. NEJM 2017).



Stage I

Exemple: Standard of care in colon cancer

Stage II
Low-risk

Stage II 
high-risk

Stage III
Low-risk

Stage III
High-risk

Stage 
IV

Surgery

X

X

X

X

X

+/-

No recommendation

Often done

Short courseX

X

X

Long course

+ targeted therapy (immunotherapy in MSI patients)

Chemotherapy



Immunoscore in early-stage colon cancer

Stage I
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Immunoscore in Stage II colon cancer



Secondary Objective: 

Time to recurrence for Immunoscore (High/Int/Low) in Stage II

Objective is reached

Pre-sprecified consensus Immunoscore predicted time to recurrence in all Stage II colon cancer

HR(0-2)= 0.36 (0.23-0.56)

P< 0.0001

Stage II patients 

(n=1433)

Low

Int

High

Low

Int

High

Immunoscore
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Immunoscore in locally advanced colon cancer

Stage III

Immunity and chemotherapeutic Efficacy



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

Immunoscore

Clinical Utility (1): Immunoscore for defines patients at high-risk and NO risk in Stage III

I4

I3
I2

I1

I0

(IDEA, France)

N=1062

6 years

Unconclusive

2018

3 vs 6 months of chemotherapy



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

Clinical Utility (2): High Immunoscore significantly predicts response to 6 months FOLFOX 

chemotherapy in all Stage III patients ASCO 2019



Immunoscore

Immunoscore is CE-IVD (In Vitro Diagnostic for clinical use) in colon cancer

Digital Pathology: 

Immunoscore Analyzer
Wet lab: 

Stainer / Scanner



Mascaux C. … Galon J.  

Nature 2019

MetastasisPrimary 

Carcinoma

Pre-cancerous 

lesions

Pagès F. … Galon J.  

Lancet  2018

Van den Eynde. … Galon J.  

Cancer Cell   2018

The continuum of cancer immunosurveillance

Angelova M. … Galon J.  

Cell   2018



What are the parameters associated with the 

dissemenation to distant metastasis? What is 

driving metastasis ?

M-Stage

?



Memory T cells, in particular, TEM correlate with the absence 

of early-metastatic invasion, and improved clinical outcome 

in colorectal carcinoma.

Pagès F, et al. N Engl J Med. 2005

Pagès F & Galon J. N Engl J Med.  2006 

*

file://localhost/


Patients (n=39)

P<0.05

VELIPI- VELIPI+

F
lo

w
 c

y
to

m
e
tr

y
 p

h
e
n
o
ty

p
ic

 a
n
a
ly

s
is

 (
n
=

4
1
0
 p

a
ra

m
e
te

rs
)

Large-scale investigation of infiltrating immune cells

- T cells
- Activation
- Migration
- Differentiation

. Th1

. Memory cells

410 FACS parameters 
Analyzed

65 significant parameters



What are the mechanisms of early-metastatic 

dissemenation ?

?

Lymphatic emboli / Tumor

VELIPI: Venous Emboli, Lymphatic Invasion, Perineural Invasion



Memory T cells, in particular, TEM correlate with the absence of early-

metastatic invasion, and improved clinical outcome in colorectal carcinoma.

Pagès F, et al. N Engl J Med. 2005

Pagès F & Galon J. N Engl J Med.  2006 

*
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ONLINE COVER: Protecting Against Metastasis. Notre Dame de Paris gargoyles guard over the city of 

Paris to frighten off and protect from any evil or harmful spirits. In this issue of Science Translational 

Medicine, Mlecnik et al. describe the protective role of cytotoxic immune infiltrate, Immunoscore, and 

lymphatic vessels against metastatic invasion in human cancer. These results support the use of T cell 

based immunotherapy at early stage disease.

M-Stage
?



Lymph vessels (IM) 

GZMB+ (CT)

Tumor cell dissemination to distant metastasis
M1 stage

Mlecnik et al. Science Transl Med. 2016

What drives metastasis?

?



Lymph vessels (IM) 

GZMB+ (CT)

0%

8%

M1 stage

Mlecnik et al. Science Transl Med. 2016

Lymph vessels (IM) 

GZMB+ (CT)

What drives metastasis?



Is there an immune escape at the metastatic stage

?

Stage IV



Immunoscore in Stage IV metastatic  

colon cancer

M+



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



Metastasis analysis

 Immunoscore within multiple metastases at different sites

Van den Eynde et al. Cancer Cell 2018



High-Immunoscore within metastasis predicts prolonged survival

 Similar Immunoscore frequency in lung and liver metastaes

High-Immunoscore

Low-Immunoscore

Lung metastaes

Liver metastaes

Mlecnik et al. JNCI 2018



Metastasis analysis

Other cancers

Brain Metastasis

Breast cancer Kidney cancer Lung cancerMelanoma

Multiple primary tumors

One metastatic site

 Immunoscore within brain metastasis Berghoff A. et al. OncoImmunol. 2016



50% OS
25% OS

Immunoscore predicts overall survival and long-term survival in patients 

with Brain Metastases

Immunoscore in brain metastasis and survival 

Immunoscore quantification (CD3, CD8, in CT and IM regions) within Brain Metastases 

(n=116 patients)

Berghoff A. et al. OncoImmunol. 2016



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



What drives metastasis?

Primary tumors

Synchronous metastases

Metachronous metastases

Metachronous metastases

Metachronous metastases

Etc … > 11 years
Multi-Omics technologies



 Highly heterogeneous genomic patterns between metastases

Genomics of primary tumors and metastases



Immunoediting of cancer cells

Elimination 

refers to effective immune 
surveillance for clones that 
express TSA

Equilibrium 

refers to the selection for 
resistant clones (red)

Escape 

refers to the rapid proliferation 
of resistant clones in the 
immunocompetent host

Schreiber et al. Science  2011

Shankaran et al. Nature 2001

Immunosurveillance RAG-/- STAT1-/-

Koebel et al. Nature 2007

Immunoediting / Equilibrium

Matsushita et al. Nature 2012

Immunoediting  / Escape



Anti-PD1 immunotherapy induces changes in the mutational burden of tumors, with 

loss of certain neoantigens, clonal T-cell expansion, and changes in immune 

contexture (mechanistic signature) Riaz N et al. Cell 2017

Genetic evidence for immunoediting in tumors and tumor-intrinsic resistance to 

cytolytic activity

Angelova M et al. Cell 2018

Tumor and microenvironment evolution: immunoediting in Human

Demonstration of the existence of immunoediting in Human with genetic evidence for 

missense and frameshift mutations Mlecnik B et al. Immunity 2016

First demonstration that Immunoscore and immunoediting in Human shape the 

evolution of specific tumor clones. Darwinian selection of immune-escape variant 

tumor clones throught parallel immune selection model.

Rooney MS et al. Cell 2015



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 

 ExomeSeq

 RNAseq

 Mutations detection

 Variant calling

 HLA haplotypes prediction

 Epitopes prediction

 HLA / TCR peptide binding 

prediction

 Immunogenicity scores



Primary tumors

Clonal dissemination – Parent/child-relationship

Synchronous meta

Metachronous meta

11 years



 Clonal evolution and cancer evolvogram

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

Evolvogram of tumor clones



 Highly heterogeneous Immunomics patterns and immune cell infiltration 

between metastases

Immune cell densities (cells/mm2)

Immune microenvironment

Angelova M. et al.  Cell 2018



 Distance between CD3 + cells and tumor cells Ki67+ are associated with 

Immunoscore and Immunoediting groups, and with metastasis recurrence.

What drives metastasis?

Spatial mapping of the metastatic microenvironment



 Immunoediting and Immunoscore are associated with metachronous metastasis 

recurrence

Metastasis recurrence

Angelova M. et al.  Cell 2018



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

 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

Angelova M. et al.  Cell 2018



Validation Study 

Immunoediting

No Immunoediting

Predictive model

Immunoediting

Predictive model
Recurrence probability

Low
Int
High

CRC Primary tumor recurrence (n=132 patients)

 Immunoediting and Predictive model are predictive factors of recurrence.
Angelova M. et al.  Cell 2018



What drives metastasis? Conclusions

Immunoscore - Immunoediting 

Angelova M. et al.  Cell 2018

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



What drives metastasis? Conclusions (2)

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

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

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

Angelova M. et al.  Cell 2018



What drives metastasis? Conclusions (3)

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

 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. Angelova M. et al.  Cell 2018



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



Deciphering the tumor immune microenvironment:
Clinical implications

CD3
Tumor

Clinical implications

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

“Cold” Tumor
I 0

“Hot” Tumor
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 



2019



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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