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Biomarkers for Immune checkpoint blockade agents

The hallmark for Immune checkpoint targeting as anti-cancer immunotherapy is
the need for biomarkers to monitor treatment, to predict patient’s clinical outcome
and to optimize the usage of combined therapies;

*Several retrospective studies have reported “candidate” biomarkers for cancer
immunotherapy;

*However to date no validated and unique biomarker has been shown to accurately
predict clinical responses to immunotherapy;

« Immunomonitoring technique(s) or their integrated platforms need:

To be harmonized and validated;
To provide univocal results;
To be suitable for application in different labs/cancer centers;

Desirable, to be largely exploited for tumor with different histological
origin.
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The Immunomonitoring of patients treated with anti-CTLA-4 mADb
plus chemotherapy-A multicentered study in the context of the
Italian Network for Biotherapy of tumors (NIBIT-M1 study)

Screening/Baseline

Induction Phase

Ipilimumab: 10 mg/kg g3 weeks for 4 doses Confirmed irPD

Fotemustine: 100 mg/m? g1 week for 3 doses,
g3 weeks starting at Week 9

A\ 4
Maintenance Phase

ON TREATMENT: Ipilimumab 10 mg/kg g12 and Fotemustine 100 mg/m? g3 weeks
Or
OFF TREATMENT without confirmed irPD: Tumor Assessments until confirmed irPD

Follow-Up Phase
Telephone contact q12 weeks

Di Giacomo A.M. et al., 2013; Di Giacomo A.M. et al. 2015



The multifaceted immunomonitoring of NIBIT-M1 study
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PBMC

Analysis

of T cell activation
The complexity of the regulation of T cell mediated responses

Phenotype analysis:
Multiparametric analysis

To identify TH1, TH2, TH17 subsets (CD3,
CD4, CD8, CD45RA, CD45R0, CCR7,
CD62L, CCR6, CCR5, CXCR3, IL23R,

IL12Ra2, IL-17 etc. ) in relation with co-
stimulatory or inhibitory molecules

(OX40, 4-1BB, NKG2D, ICOS, PD-1, CTLA-

4, BTLA etc.) NK and B cells. e -




Standardized panels for PBMC analysis
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IL-17A was also measured to identify TH17-like cells

C. Maccalli et al, Oncolmmunol, 2016
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Baseline T cell subset profile of melanoma patients vs. healthy donors



Relationship between the frequency at W12 vs. baseline of circulating T cell

subsets and clinical responses of MM patients

T cell subseaet DCR . MM ean® 5t. P
Error
CD3*CD4SRO*CD 272 Tes 19 253.54 2097 0.03
Mo 12 -24.54 115.&83
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C. Maccalli et al, Oncolmmunol, 2016



Correlation of the frequency of circulating T cell subsets at baseline with OS of
melanoma patients treated with ipi

owverall survival
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NKG2D Ligands
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The soluble forms of these molecules have been reported to play a negative immunomodulatory activity on
T and NK cells. Moreover, a prognostic value for these molecules have been found in some tumor types
(e.g. CRC, breast cancer, melanoma, leukemia).
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Relationship between baseline ULBP-2 detection in the serum and OS for
MM patients from NIBIT-M1 study
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Classification and Regression Trees
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PBMC

Ana ysis
of T cell zctivation

Functional activity of T cells:

TH1-type (IFN-g release; ELISPOT) response toward Melanoma Associated Antigens (MAAs; HLA-
A*0201/*0101/*0301-restricted epitopes from MAGE-A2, MAGE-A3, NY-ESO-1, MART-1, Gp100, Tyr,
SVV-1, h-TERT, SOX-2) and allogeneic HLA-matched or unmatched tumor cell lines.



Antigen-specific T cell responses in fresh PBMCs from IPI plus treated patients

Pz.#009+pept
160 -
__ 140 -
©
2 120 -
S
= 100 -
x
[32]
J 80 -
[}
[«
@ 60 - i P2.#009 w1
= a0 4  Pz.#009 w12
2
=
20 _ I
0 — T T T T T T T
q < o 5 N & < .
x?‘\ xV‘\ x x‘\ "“\ (\ x
Target Cells
Pz.#009+melan
90 -
80
= 70
[}
(8]
S 60 -
=
& 50 -
S~
£ 40
3 & Pz.#009 w1
£ 30
>  P2.#009 w12
E 20
o J - - .
0 T T T T T _—\
& & o & & 6\o,’L & b\'é‘ A & i
& S O & 2> 2> Wv S +
N X Q‘& Q‘& x V‘& x V‘&
Target Cells

C. Maccalli et al, Oncolmmunol, 2016



Correlation of soluble NKG2DLs with T cell and clinical responses in MM
patients treated with IPI
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1.

Conclusions 1

A multifaceted immunomonitoring platform allowed to identify candidate
biomarkers either predictive or associated with clinical outcome of melanoma
patients treated with immune checkpoint blockade agents.

The detection of soluble immunoregulatory molecules (sNKG2DLs) can be
associated with T cell subset population analysis and/or T cell mediated
immune responses directed to tumor antigen and/or melanoma cell lines in
order to identify a functional immunological signature predictive for the clinical
outcome to immunotherapy.

This platform needs to be optimized and standardized in large cohort of patients
undergoing immunotherapy treatments.

Will be worthy and feasible to combine it with the screening of T cell mediated
neoantigen reactivity?



How the identification of iImmunotherapy
biomarker can be further developed?

The Immunological Constant Rejection

Immune signatures

Prognestic  ~p Predictive

Mechanistic Galon, Angell, Bedognetti, Marincola, Immunity 2013



Two opposite cancer immune phenotypes

Favorable (Th-1 inflammed) Unfavorable

Pro-inflammatory Immune-suppressive Pro-inflammatory Immune-suppressive
genes genes genes genes

Genetics?

Genetics of
the host ?

Favorable prognosis
Responsiveness to
therapy

Unfavorable prognosis
Resistance to
therapy

Bedognetti, Hendrickx,& Miller. Curr Op Onc, 2015



Genetic drivers of immune responsiveness in Breast Cancer (TCGA)

Survival
DEGs
GO enrichment

Consensus clustering
(ICR genes)

TCGA@S { Somantic mutation } { Transciptome } { Copy number ]

Genetic drivers
of immune
responsiveness

Functional pipeline




Survival Analysis — TCGA

1.00 —

ICR4

0.75

ICR1

Survival Probability
2
1

strata
— ICR1
— |CR3
— |CR4
0.00 -
I I | I I I | I I I I
0 12 24 36 48 60 72 84 96 108 120
Time in months
ICR1 205 175 120 87 65 46 36 21 18 12 10
ICR2 310 253 161 120 84 68 54 39 29 20 15
ICR3 306 256 167 118 85 67 53 36 24 12 8
ICR4 132 113 78 61 49 39 29 22 16 9 5

Numbers at risk

Bedognetti and Ceccarelli, unpublished
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Modular Repertoire Identification and Transcriptome Fingerprinting Assay
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Tumor transcriptome Peripheral blood transcriptome
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Clinical Qutcome

The contemporary analysis of tumor and peripheral blood could define whether i) a
specific tumor immunophenotype is characterized by a distinct peripheral blood gene
signatures and ii) to correlate those signatures with clinical outcome.

These gene signatures might be correlated with the cell subset phenotype analysis in the
peripheral blood.



Mutational Burden vs Breast Cancer ICR Immune Phenotypes

Bedognetti and Ceccarelli, unpublished
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Conclusion I1

By using consensus clustering analysis based on RN A-seq data of ICR genes in
>1000 breast cancer samples , 4 major immunophenotypes (ICR1, ICR2, ICR3, and
ICR4) could be identified.

Patients bearing the immune-favorable phenotype (ICR4) experienced
prolonged survival

Genetic variables associated with the different immunophenotypes could be
identified.

The contemporary analysis of tumor and peripheral blood could define whether i) a
specific tumor immunophenotype is characterized by a distinct peripheral blood gene
signatures and ii) to correlate those signatures with clinical outcome.

The correlation of gene signatures with the cell subset phenotype analysis in the
peripheral blood would provide a detailed characterization of specific
immunophenotype associated with patients’ clinical outcome.
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