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A Novel Paradigm for Cancer

Galon J et al.  Science 2006 
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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
 High Immunoscore

 Inflammed tumors 

 Strong pre-existing adaptive 

immunity

 Low Immunoscore

 Non-Inflammed tumors 

 Weak/absent pre-existing adaptive 

immunity
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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 ->



Mechanisms associated with T cells infiltration

Attraction Adhesion

MADCAM1
VCAM1
ICAM1

T cells

TH1

Cytotoxic

Memory
T cells

CXCL9
CXCL10

CCL2
CCL5

CX3CL1 CXCL13

TFH
B cells

Mlecnik et al. Gastroenterology 2010

Local lymphocyte
proliferation

IL15

Mlecnik et al.  Science Transl Med 2014 

Bindea et al. Immunity 2013
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Tumor growth
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The continuum of cancer immunosurveillance

Galon J et al. Immunity 2013 



NON-Immune signatures

Prognostic

Mechanistic

Predictive

Immune 

contexture

Prognostic Predictive

Mechanistic

IMMUNE signatures

The overlap between prognostic, predictive and mechanistic 
immune signatures

Galon J et al. Immunity 2013 
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The overlap between prognostic, predictive and mechanistic 
immune signatures
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Neelapu et al. NEJM 2017

CD19-CAR-T immunotherapy: ZUMA-1 Trial



Adapted from Tran et al, NEJM 2017

The CAR-T was approved by the US FDA and European Commission for the treatment of adult 

patients with relapsed/refractory large B cell lymphoma after ≥ 2 lines of systemic therapy

CAR-T Design and Product Manufacturing

CD28

CD3z



ZUMA-1 Trial: Clinical Outcomes



ZUMA-1 Trial: Long-Term Follow Up

CR, complete response; PR, partial response; NR, not reached; CI, confidence interval. 

Locke et al, ASCO 2018

Duration of Response by Best Objective 
Response at Any Point on Study



AE, adverse event; axi-cel, axicabtagene ciloleucel; CR, complete response; CAR, chimeric antigen receptor; CRS, cytokine release syndrome; DLBCL, diffuse large B cell lymphoma; NE, neurologic event; 
NHL, non-Hodgkin lymphoma; ORR, objective response rate; PMBCL, primary mediastinal B cell lymphoma; TFL, transformed follicular lymphoma.

CAR-T cell therapy

Refractory
DLBCL/PMBCL/T

FL
(cohort of n = 7)

Cohort 1
Refractory 

DLBCL
(n = 77)

Cohort 2
Refractory 

PMBCL/TFL 
(n = 24)

Phase 1

Phase 2

CAR Design and Schematic Representation of ZUMA-1 Trial

Of 101 patients in Phase 2 ZUMA-1 with 
refractory large B cell lymphoma treated with 

axi-cel :
ORR, 83%
CR, 58%

Ongoing responses: 39% including 37% CR

CRS and NE were mostly reversible 
(n = 108 from Phases 1 & 2):

Grade ≥ 3 CRS, 11%
Grade ≥ 3 NE, 32%

4 Grade 5 AEs (2 axi-cel related and 2 
unrelated)

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



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



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

 Which patients are responding to CAR-T?

 What are the mechanisms of relapse?

 Can we predict toxicities?

TME: Tumor MicroEnvironment

KITE ZUMA-1 clinical trial Translational Biomarkers analysis 



KITE ZUMA-1 clinical trial Translational Biomarkers analysis 

 TME Tx related signature

 Predictive TME signature (baseline and early post Tx)

 Biomarkers at relapse 

 Toxicity signature



KITE ZUMA-1 clinical trial Translational Biomarkers analysis 

 TME Tx related signature

 Predictive TME signature (baseline and early post Tx)

 Mechanisms of relapse 

 Toxicity signature



Prespecified Gene Sets Analyzed 



Changes in Tumor Micro-Environment (TME) 
immune genes after CAR-T (Yescarta)

Changes in TME PRE and POST CAR-T



Changes in Gene Expression in TME Post Axi-Cel: 
Decreased B Cell Lineage Gene Expression Post Treatment

CD19 CD20 CD79A CD79B PAX5

PRE POST



Changes in Gene Expression in TME Post Axi-Cel: 
Increase of Cytotoxic T Cells and Interferon-Program Related Genes 

(Immunosign) Post Treatment

CD8A CTLA4 GZMM IL15 IRF1

PRE POST

STAT4GZMB



Changes in Gene Expression in TME Post Axi-Cel: 
Increase Post Treatment  

Activating checkpoints

GITR ICOS

PRE POST

CXCL9 
(MIG)

CCL5 
(RANTES)

CCL2 
(MCP-1)

Chemokines

PRE POST



Changes in Gene Expression in TME Post Axi-Cel: 
IFNg-Program Related Checkpoints (Immunosign panel)

Post Treatment

CTL4 LAG3 PD1 IFNG PDL1

PRE POST



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

Checkpoints IFN related Effectors Proliferative Chemokines

PD-L1

IRF1

CTLA4

STAT1

CD8A

IL15

GNLY

GZMA

CXCL9

CCL2

CCL5

STAT4

LAG3

TNFRSF18

GZMM

GZMB

IFNg

GZMH

ICOS



Changes in Tumor Micro-Environment (TME) 
immune genes after CAR-T (Yescarta)

Changes in TME POST CAR-T 

in Responders (R) and Non-Responders (NR)



Rapid Decline in Expression Levels of B Cell-Related Genes 
Post Axi-Cel in Responding Patients

CD19 CD79a CD79b PAX5

Gene expression analysis of tumor biopsies pre and post-Tx was performed by nanostring.
Zuma-1 trial, 1 year follow up

Bot et al, Cell Therapies and Bioengineering Conference, 2018

R NR R NR R NR R NR

PRE PREPOST POST PRE PREPOST POST PRE PREPOST POST PRE PREPOST POST



Changes in IL-15 and PD-L1 Gene Expression in the Tumor 
Microenvironment in Responding vs Non-Responding Patients 

IL-15 PD-L1

Pre-Tx W 1-2 W 4 Pre-Tx W 1-2 W 4 Pre-Tx W 1-2 W 4 Pre-Tx W 1-2 W 4

Gene expression analysis of tumor biopsies pre and post-Tx was performed by nanostring.

Responder: Best response was complete or partial response. Non-responder: best response was progression or stable disease.

Bot et al, Annual CAR TCR Summit, 2018
Zuma-1 trial, 1 year follow up

R NR R NR



KITE ZUMA-1 clinical trial Translational Biomarkers analysis 

 TME Tx related signature

 Predictive TME signature (baseline and early post Tx)

 Mechanisms of relapse 

 Toxicity signature



33

Immune Genes Elevated in Tumor Biopsies Measured Before CAR T Cell 
Treatment From Responders From a Prespecified 43 Immune Gene Panela

aThis analysis was performed on samples from 25 patients treated with axi-cel with a minimum follow-up of 9 months. One patient subsequently converted from a “nonresponder”

to a “responder” at 12-month follow-up.

CD3G CD3ECTLA4



Immunosign21

Hi

Lo
Pre-specified cutoff

Hi/Lo: (25% percentile)

67% Lo

86% Hi

Chi2 Pvalue, P=0.023

Hi

Hi

No OR

OR

N=27

Pre-specified Immunosign21 custom signature 
separates OR from non-OR

-> Validation on N=51 samples



OR vs No OR (Objective.Response) in pre-treatment Population

Immunosign® 21 pre-CAR-T infusion predicts Objective Response

Fisher test P=0.012

non OR OR

Hi

Pre-specified Immunosign® 21 separates OR from non-OR

N=64

Hi



Pre-treatment T-cell densities

Pretreatment intratumoral densities of CD3+ and CD8+ T cells trends positively with achievement of CR 
(P = .025 and .049, respectively)

CR, complete response.

Association Between Intratumoral Densities of CD3+ and CD8+ T Cells and Clinical Outcome

CR others CR others



Mean Percentile Immunoscore®

Immunoscore analysis

Significant Increase of Biopsy 

Immunoscore® on patient with CR

Exact fisher test 

p-value: 0.028

CR PR SD

Immunoscore®



T cell densities & Tumor burden analysis

CR after CAR-T treatment correlates with “Hot” TME pretreatment.

However, a subset of patients with “Cold” TME pretreatment and low intratumoral T cell density, achieved CR. 

Data suggest that CAR T cells may overcome a detrimental TME defined by low density of intratumoral CD3+ T 

cells pretreatment



KITE ZUMA-1 clinical trial Translational Biomarkers analysis 

 TME Tx related signature

 Predictive TME signature (baseline and early post Tx)

 Mechanisms of relapse 

 Toxicity signature



Change in TME upon progression: 
mechanisms of relapse 



Enhancement of expression of select genes 
upon progression 

AICDA 
(The protein is involved in somatic hypermutation, gene 

conversion, and class-switch recombination of immunoglobulin 

genes)

CCL22PRAME

POST Biopsy

After Relapse

(Progressor)

Biopsy

Wk14

POST Biopsy

After Relapse

(Progressor)

Biopsy

Wk14

POST Biopsy

After Relapse

(Progressor)

Biopsy

Wk14



Diminution of CAR and immune related genes 
upon progression 

POST Biopsy

After Relapse

(Progressor)

Biopsy

Wk14

IKKb (Inh NFKb)
IFNL1, IL29 (binds 

IL28RA, IL10RB)
CAR-T

POST Biopsy

After Relapse

(Progressor)

Biopsy

Wk14

POST Biopsy

After Relapse

(Progressor)

Biopsy

Wk14



Immunosign 21IL15

Lo

Hi

P=0.03

Decrease of IL15 and of Immunosign21 upon progression (to be confirmed on larger dataset)

Diminution of CAR and immune related genes 
upon progression 

POST Biopsy

After Relapse

(Progressor)

Biopsy

Wk14

POST Biopsy

After Relapse

(Progressor)

Biopsy

Wk14

POST Biopsy

After Relapse

(Progressor)

Biopsy

Wk14

SAA1



Immunoscore in Ongoing Response

Significant Increase of Biopsy 

Immunoscore® on Ongoing 

Response

Exact fisher test p-value: 0.030

Immunoscore® may be 

decreased in relapse samples

Non

Responders

Ongoing

Response

Relapse

Immunoscore®



KITE ZUMA-1 clinical trial Translational Biomarkers analysis 

 TME Tx related signature

 Predictive TME signature (baseline and early post Tx)

 Mechanisms of relapse 

 Toxicity signature



Conclusion / Interpretation: 

KITE ZUMA-1 clinical trial Translational Biomarkers

Fisher test 

p.value: 0.00155

CRPRE treatment

Immunosign* High

othersPRE treatment

Immunosign* Low

Toxicities 

G3+

Response to 

CART-T

Complete Response



Conclusion / Interpretation: 

KITE ZUMA-1 clinical trial Translational Biomarkers



CAR-T : A Mechanistic Model of Efficacy and Toxicities

T cell 

expansion

Pre-treatment 

TME

PRODUCT

CNS

MYELOID
CELLS

T CELLS

T CELLS

RETICULO
ENDOTHELIAL

SYSTEM

TUMOR

Legend

Efficacy

Toxicities

BothPre-treatment tumor 

burden

Target antigen “loss”

T cell “fitness”

(juvenile, proliferative, 

polyfunctional)

Dose of CD8 T cells

Pre-treatment pre-

existing immunity / tumor 

microenvironment

*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



CONCLUSIONS

 Pre-existing T cell-involved features of the TME (High Immunoscore, High Immunosign) 

may be associated with a response to CAR-T

 Factors intrinsic to tumor biology may influence CAR T cell efficacy through the immune 

microenvironment (Pre-treatment TME enriched in T cell and innate immune-related 

genes)

 CAR-T could overcome an unfavorable TME (low Immunoscore) in a subset of patients 

 CAR T cell treatment is associated with rapid and profound changes in the TME

 Increase of immune checkpoints, IFN-related genes and chemokines

 Elevation of IL-15 and PD-L1 gene expression in CR and PR

 These results support anti-CD19 CAR T cell treatment optimizations designed to 

overcome an immune-detrimental TME



Model Linking Tumor Biology Features With TME and 
Response to CAR T Cell Therapy 



Treating hot, altered and cold immune tumors with immunotherapy

Galon J. & Bruni  D.

Nature Reviews Drug Discovery 2019



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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