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The workdwide Immunoscore consortium



Prognostic value of the consensus Immunoscore

Pages et al. The Lancet  2018
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Immunoscore predicts High-risk and No-risk patients in stage III colon cancer
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Immunoscore in stage III colon carcinoma patients
 Predefined cut-off from Worldwide SITC study, and Predefined statistical plan (Mayo Clinic)

 4 independent cohorts, 2514 patients



Immunoscore: Inclusion into Cancer Guidelines

WHO Classification of Tumours, 5th Edition, 2019 

Immune response (Immunoscore)

"A standardized examination of the presence of lymphocytes at the invasive front of the tumour, using 

immunohistochemistry for CD3 and CD8, showed that this feature has significant prognostic power  

(Pages et al. Lancet 2018)."

Essential and desirable diagnostic criteria for colorectal cancer

Immune response



Immunoscore: Inclusion into Cancer Guidelines

ESMO 

European Clinical Practice Guidelines for Gastrointestinal Cancers

Immunoscore (Prognostic, Predictive) Argiles et al. Ann Oncol 2020

Yoshino et al. Ann Oncol 2021

Immunoscore is considered for its full range indication in colon cancers, 

stage II and stage III, with inclusion of all risk groups, with 100% consensus 

voted for recommendation 

ESMO 
Pan-Asian Guidelines 2021 for localised Colon Cancers
Japan (JSMO), China (CSCO), India (ISMPO), Malasya (MOS), Taiwan (TOS)

WHO Classification of Tumours, 5th Edition, 2019 

Immune response (Immunoscore)

"A standardized examination of the presence of lymphocytes at the invasive front of the tumour, using 

immunohistochemistry for CD3 and CD8, showed that this feature has significant prognostic power  

(Pages et al. Lancet 2018)."

Essential and desirable diagnostic criteria for colorectal cancer

Immune response



Adaptive immunity decreases with tumor progression

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

CD8



Oncogenesis of lung squamous cell carcinoma

 Analysis of 122 pre-cancer lesions across 9 
developmental stages

Mascaux C et al.  Nature 2019



Mascaux C et al.  Nature 2019



Main gene expression patterns across 9 developmental stages
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Immune functions mostly associated with genes ascending from high-Grade
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



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



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



What drives metastasis

Primary tumors

Synchronous metastases

Metachronous metastases

Metachronous metastases

Metachronous metastases

Etc … > 11 years
Multi-Omics technologies



 Clonal evolution and cancer evolvogram

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

Evolvogram of tumor clones



 For Immunoediting to occur, High-Immunoscore is necessary 

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

Immunoscore and Immunoediting within metastases
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 Distance between CD3 + cells and tumor cells Ki67+ are associated with 

Immunoscore and Immunoediting groups, and with metastasis recurrence.

Spatial mapping of the metastatic microenvironment



Spatial mapping of the metastatic microenvironment

Immunoscore - Immunoediting
Lo-No Hi-No Hi-Yes

Cumulative distribution function of nearest neighbors between CD3+ and PD-L1+

HiNo metastases have a higher percentage of T cells (CD3+) that have the nearest PD-L1+ 
within a radius of 25µm



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



Anti-CD19 CAR T Cell Therapy in DLBCL

Axicabtagene ciloleucel (axi-cel) is an 
autologous anti-CD19 CAR T therapy with 
CD3ζ/CD28-based signaling directed to 
CD19-expressing cells

Axi-cel approved for the treatment of relapsed or 
refractory large B cell lymphoma after ≥ 2 
lines of systemic therapy

CAR, chimeric antigen receptor; scFv, single-chain variable fragment.

26Modified from A Bot, Kite



Neelapu et al. NEJM 2017

CD19-CAR-T immunotherapy: ZUMA-1 TrialCAR-T cells

ZUMA-1 Trial: Long-Term Follow Up

Locke et al, ASCO 2018

ZUMA-1 with refractory large B cell lymphoma treated with axi-cel have 83% ORR and 58% CR

Axi-Cel Maintained Ongoing Responses at Median Follow-Up of 27.1 Months



Improval of CAR-T cell therapy

But,

 Ignoring the fact that a cancer is not  tumor cells in a test-tube 

 and that adoptive CAR-T cells are not working alone, but within a patient



Tumor microenvironment analysis:
Zuma 1 - Protocol and Timing of Paired Biopsies

axi-cel, axicabtagene ciloleucel.

Axi-cel
Infusion

Manufacturing Day 0

Day −5 Day 1

Tumor biopsy: baseline and within 3 weeks post axi-cel

Axi-cel 
manufacturing
and treatment

Conditioning 
chemotherapyLeukapheresis

First tumor 
assessment

Day 28

Progression 
Bx

Month 3+

biopsy



 Which patients are responding to CAR-T based on pre-treatment biopsies?

 What are the changes in TME Post-CAR-T?

 What are the mechanisms of relapse?

 Can we predict toxicities?

TME: Tumor MicroEnvironment

ZUMA-1 clinical trial Translational Biomarkers analysis 

• Zuma-1 trial (DLBCL): tumor biopsies (n=135) 

• Zuma-7 trial (DLBCL): tumor biopsies (n=252) 

• DLBCL patients: tumor biopsies (n=249) 



ZUMA-1 Pre and Post-CAR-T cell treatment analysis

Scholler et al. In revision



Treatment with Axi-Cel Results in Rapid and Dramatic Changes 
in the Tumor Immune Microenvironment

Top transcripts from a pre-specified 43 immune gene panel upregulated in tumor 7-21 
days after treatment. IDO1 and other genes not in the 43 panel are pending.

Galon et al, ASCO 2017

Scholler et al. In revision



Treatment with Axi-Cel Results in Rapid and Dramatic Changes 
in the Tumor Immune Microenvironment asssociated with CR

PD1 TIM3 FOXP3LAG3 LOX1 CD11B CD14 S100A9 CD15 CD68CD8CD3

CR / High 

Immuno

score

NO CR / 

Low 

Immuno

score 

Multiplex chromogenic brightfield stains using BrightPlex® technology

Scholler et al. In revision



In pre-treatment Samples

Immunosign® 21 pre-CAR-T infusion predicts clinical Response (OR and CR)

non OR OR

Pre-specified Immunosign separates Responders 
from non-Responders 

OR vs No OR (Objective.Response) 

Hi

Hi

Scholler et al. In revision



CAR-T cell treated patients

(Zuma-1 trial, n=19)

CAR-T cell treated patients

(Zuma-7 trial, n=252)

Treatmnt-naive patients

(DLBCL, n=67)

Mechanistic link between pre-treatment immune contexture and T-cell parameters

Correlation matrix for myeloid-secreted and T cell-produced cytokine and chemokines 

(horizontal axis) with T-cell subset–related genes (vertical axis) in the baseline TME from 3 

independent cohorts of DLBCL patients

Scholler et al. In revision



Pre-treatment immune contexture predicts response 

to CAR-T cell therapy and prolonged survival

High

Low

Scholler et al. In revision



Pre-treatment immune contexture predicts response 

to CAR-T cell therapy and prolonged survival

Survival hazard ratios from cox 

multivariate analyses of ZUMA-1 

patient and clinical characteristics 

Only tumor immune contexture and 

tumor burden predicted survival

Scholler et al. In revision



T-cell subset densities in pretreatment tumour biopsies 

associated with response to CAR-T

High densities of subsets of Cytotoxic T-cells (CD3+CD8+ expressing PD1+LAG3+/-TIM3-) are 

significantly associated with response to CAR-T cells

CD3

CD4

CD8

FoxP3

PD1

TIM3

LAG3

Scholler et al. In revision



CAR-T : A Mechanistic Model of Efficacy and Toxicities

Scholler et al. In revision



CAR-T : A Mechanistic Model of Efficacy and Toxicities
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*Based on: Kochenderfer, JCO 2017; Neelapu, NEJM 2017; Locke, AACR 2017; Galon, ASCO 2017; Rossi, SITC 2017; Locke, ASH 2017; Rossi, Blood 201Z, ASH 2018, 
AACR2018, AACR 2019.          TME – Tumor microenvironment .     

Adapted from Adrian Bot



Bruni et al. Nature Reviews Cancer 2020
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