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Novel immune monitoring assays for biomarker discovery and personalized cancer immunotherapy

Monitoring strategy Immunologically-unresponsive tumor Immunologically-responsive tumor
Whole exome sequencing Low mutational burden High mutational burden
Gene signature/patterns . activation signature 1 activation signature
- - 7 Treg/CD3 ratio . Treg/CD3 ratio
ERONcdo; modication . CD3 cells : CD3 cells
Poor general Robust general
Protein microamay antibody response antibody response
Low CD3 count High CD3 count
Bl T-cell receptor repertoire Low clonality High clonality
. effector cells + effector cells
Flow/Mass cytometry | TefffTreg ratio 1 TefffTreq ratio
S s | effector cells, 7 su ) |+ effector celis | suppressor
; wm1mmandmllﬁhaumtmmmls umm1mmmunuimmmmmw
Therapeutic strategy Vaccinatign , ablation, radigtherapy. chemothgrapy, Immune checkpoint blockadg thgrapies
oncolytic therapy, adaptive cellular therapy first and other immunotherapies first
Blood ( , Lymph Live Dying \Nave /al% Memory Immature Mature
Legend vessel ‘3 node tumor tumor Tcel @) Tcel dendritic cell dendritic cell

Fig. 1 High-throughput immune assessment for biomarker discovery and personalized cancer immunotherapy. Immunologically-ignorant and

immunologically-responsive tumors are dassified by the presence of immune cells in the tumor microenvironment. Potential biomarkers identified
from high-throughput techndlogies can further differentiate these tumors by the mutation load, gene/protein/antibody signature profile, phenotype
and function of immune cells, and can also provide clinical strategies for personalized cancer immunotherapies. The new and innovative technologies
that can be utilized to identify potential biomarkers include whole exome sequencing, gene signature, epigenetic modification, protein microarray, B/T
cell receptor repertoire, flow/mass cytometry and multicolor IHC. Arows indicate a decrease (|) or increase (1)

J

Yuan et al. Journal for ImmunoTherapy of Cancer (2016) 4:3
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Turning up the heat on non-immunoreactive tumours

opportunities for clinical development

Maria Ochoa de Olza, Blanca Navarre Rodrigo, Stefan Zimmermann, George Coukos
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Figure 1: Immune phenotypes and their underlying mechanisms
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Comprehensive and Integrated Genomic
Characterization of Adult Soft Tissue Sarcomas

The Cancer Genome Atlas Research Network2*

1Cancer Genome Atlas Program Office, Mational Cancer Institute at NIH, 31 Center Drive, Bldg. 31, Suite 3A20, Bethesda, MD 20892, USA
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Figure 7. Specific Types of Immune Infiltration Show Associations with Survival Qutcomes

(A) Clusters identified by unsupervised clustering of the 2,038 most variably expressed genes across 206 samples. Heatmap shows expression; the gray wedge
marks 203 genes withimmune-related and inflammatory-related GO terms. The bar graph (right) shows the Benjamini-Hochberg adjusted p values for enrichment
for the specific ontologies listed, as defined by the DAVID algorithm.

(B) Unsupervised cluster analysis of tumors by calculated immune infiltration scores. The analysis defines a subset of DDLPS, LMS, MFS, and UPS with high
immune infiltrates (right).

(C) Selected Kaplan-Meier curves for DSS by histology and immune class. The graphs show the patients in the top third versus bottom third for theimmune scores
indicated.

(D) Significant DSS associations (p < 0.05) for high immune score by histology.
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Tumor Immunology and Tumor
Evolution: Intertwined Histories

Jéréme Galon'+* and Daniela Bruni? Immunity 52, January 14, 2020
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Figure 3. Prognostic Effect of Immune Cells in Solid Cancer
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CD8* T cell states in human cancer:

T = insights from single-cell analysis
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Tumor-draining lymph nodes: At the crossroads
of metastasis and immunity

Haley du Bois'", Taylor A. Heim'", Amanda W. Lund"?>*
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Fig. 1. The LN undergoes structural changes as a function of tumor drainage. (A) Solid tumors are connected to
LNs through a network of lymphatic vessels that transport fluid, soluble factors, lipids, and cells. The SLN is the first
LN draining tumor-associated lymph and is assayed clinically to determine the metastatic potential of a nascent
malignant lesion. This SLN sits in a basin of TDLNs that are at risk of metastatic seeding and uniquely affected by a tumor
when compared with distant NDLNs. (B) Afferent lymph flows from the tumor to the TDLN and delivers tumor-derived
material including antigens and extracellular vesicles to the TDLN. TDLNs progressively expand and initiate three
major stromal remodeling processes that affect TDLN structure and metastatic potential: (1) The TDLN undergoes
extensive lymphangiogenesis, expanding lymphatic sinuses. LN lymphangiogenesis is initiated before tumor seeding
and supports initial regional metastatic progression. (2) HEVs initially increase in density but ultimately undergo dilation
and dedifferentiation, which may impair lymphocyte recruitment. (3) FRCs proliferate in the TDLN, resulting in widened
conduits, altered size exclusion properties of the reticular conduits, and antigen delivery into the LN paracortex.



Conventional type | dendritic cells maintain a
reservoir of proliferative tumor-antigen specific
TCF-1* CD8" T cells in tumor-draining lymph nodes
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In lung adenocarcinoma while intratumoral TCF-1+
CD8+ T cells acquired dysfunctional features and
decreased in number as tumors progressed, a reservoir of
TCF-1+ CD8+ T cells in the tumor draining LN (dLN)
remained stable by conventional type | dendritic cells

Decrease of these cDC1 as the tumor progresses
contributes to failed anti tumor immunity

FIt3L+CD40 boosts cDC1, increases TCF-1+
CD8+ T cell frequencies, decreases tumor burden



Tumor-associated high endothelial venules mediate
lymphocyte entry into tumors and predict response
to PD-1 plus CTLA-4 combination immunotherapy
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* TA-HEVs are main sites of lymphocyte extravasation

Phenotypic and functional analysis of TA-HEVs and response to
TA-HEVs in mouse tumor models ICB in metastatic melanoma Into PD-1/aCTLA-4-treated tumors
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Survival analysis

TA-HEV-mediated lymphocyte entry into tumor during combination ICB




The primordial differentiation of tumor-specific
memory CD8" T cells as bona fide responders
to PD-1/PD-L1 blockade in draining lymph nodes
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Importantly, lymphadenectomy abrogated
the tumor-suppressive effects of PDL1 ICB,
while the adoptive transfer of TALN-T+gy
cells, but not TALN-T gy cells, efficiently
rectified PD-L1 ICB mediated anti-tumor
efficacy in tumor-bearing mice with

lymphadenectomy




Tumor Immunology and Tumor
Evolution: Intertwined Histories

Jéréme Galon'+* and Daniela Bruni? Immunity 52, January 14, 2020
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the functional orientation of the Immune TMEby SIC. d, Expression of genes
related toiImmune checkpoints by SIC. Adjusted Pvalues are obtained from
Benjamini-Hochberg correction of two-sided Kruskal-Wallls tests Pvalues.
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Fig.3|TLSs are a distinguishing feature of the immune-high class of 5TS.

This figure refers to the NTUH cohort (m=93).a, Populational characterization
of TLSs. Left, examples of two tertiary lymphoid structures by
immunohistochemistry, identified as CD3" T cell (blue) aggregates containing
DC-LAMP mature dendritic cells (red. red arrows) and juxtaposing CD20" B cell
agzregates (brown). Right, representativeimmunofluorescence staining of a
TLSfor CD3 (magenta), CD20 (green) and PD1icvan). DAPI staining is shown in
blue. The multispectral image shows CD3'PD1" double-positive cells (vellow
arrows). by, Functionality of TLSs. Left, CXCRS (magenta), CD4" (vellow) and
PD1 (green)cellsinzones 1and 2 of thesame TLS. Multispectral fluorescence
images of zones 1and 2show CXCR5'CD4 PD1 triple positive cells (red arrows)
characteristic of T follicular helper cells. Right, CD20" cells stained in pink (left)
on consecutive sections of a TLS. CD23 (green onleft) and CO21 {brown on
right) positive cells with reticular morphology characteristic of follicular
dendritic cells (vellow arrow, rone 3). PNAd" structures (brown, green arrow)
with high endothelial venule morphology are also detectable nearby (zone 4).
¢, Numberof TLS among 55I1Cs of 73 tumours of NTUH cohortin=73).d,
Characterization of the immune infiltrate in tumours according to TLS
presence (TLS =82, TLS" n=11, total n=23). Densities of CD3" (left), CDS'
(centre) and CD20" (right) cells in tumours lacking or containing TLSs;
densities including (total) or excluding (excl) TLS are indicated for the TLS"
tumours. Box plots represent median (larger bar) and interquartile range (IQR).
Upper whisker extends to whichever is minimal, maximum or third quartile
plus 1.5= IQR. Lower whisker extends to whicheveris maximal, minimum or first
quartile minus 1.5x IQR. Pvalues were determined by chi-sguared test (c) or
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smmﬂ e % S % Fig.4 |SICsarestrongly associated with STS response to PDI blockade
S therapy. This figure refers to the SARC028 cohort (m=47).a, Relationship
ot responze . . - between SIC, histology and response totreatment in the SARC028 cohort. b,
0ROPR 0% ORR P 25% OFR 5% ORR Waterfall plot showing the bestresponse to pembrolizumab as a percentage
Overall: 21% ORR change inthesize of target lesions from baseline (7 =45). Tumour sizes were
— S-'i Histology  Response calculated as the sum of target lesion diameters. Colours indicate the SIC to
25071 - L - which each tumour was assigned. Dashed lines indicate +20%, -30% and -100%
& 150 o ss W change from baseline levels. SIC E versus other comparison was performed
% 100 e using a two-sided Mann-Whitney test. CR, complete response; PD, progressive
3 disease; PR, partial response; 5D, stable disease; 55, synovial sarcoma. c,
g Progression-free survival of patients by tumour SIC (n=47).
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Q: Can low dose radiation reprogramme the tumor microenvironment of tumors with
scarce immune infiltration and together with immunotherapy induce mobilization of
(innate and/or adaptive) immunity?
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orthotopic intraperitoneal (i.p.) murine ID8 ovarian cancer model
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orthotopic intraperitoneal (i.p.) murine ID8 ovarian cancer model
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= Low-dose radiotherapy (LDRT) of murine tumors promotes T-cell infiltration and enables
responsiveness to combinatorial immunotherapy

= Treatment efficacy relied upon mobilizing both adaptive and innate immunity and depended
on both CD4+ and CD8+ T cells

= LDRT elicited predominantly CD4+ cells with features of exhausted effector cytotoxic cells

Cancer Discov 2022:12:1-26
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RACIM expands tumor-rejecting CD4+ and CD8+ TILs with activation and exhaustion
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RACIM expands tumor-rejecting CD4+ and CD8+ TILs with activation and exhaustion
features

CD4 TeX T”_S CD4* cells Average Expression
Tnf |CD4_TEX' . ... ‘N N L) l. . .... . - & . . . 2
- 1
51 011 ChOd Tpex] - * O0D® 00 - O 00O - :
-~
61 4 4 Treg- . o ... i = & = & 8 ]+ 0o P o]- 9 + - . 0
4 - Tthh{- - 0@ ® » ¢« ® - - s . oD e - . e - @ -1
2 Th1- A N N BN W e s @ - s @ o . . - ®
| ;] CDAEM{:- + # o0 « @0 o 9 - ¢ @ o . - @ %
8| o N CD4_EA] - - °o- 00 oo ® - .. e -® -0
|  cM RacM CIM RACIM CD4_NaiveLike- . @eceo - e 25
= T T T T T T T T T T T T T T T T T T T . 50
2 P Gzmb et gh DR xor-EOOl N xltossh sy
& SN o SisNEEES2ElS5 o0 Slc a5 @75
5 0.14 0.67 x= 20w Foygyahs T O 080 Sw g
§ECETSFSEET T TGgIETRIIINE
4 44
21 S B exhaustion
N UJ_

Cli".l'l RACIM CiM  RACIM

Cancer Discov 2022:12:1-26



RACIM expands tumor-rejecting CD4+ and CD8+ TILs with activation and exhaustion
features
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RACIM expands tumor-rejecting CD4+ and CD8+ TILs with activation and exhaustion
features
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RACIM expands tumor-rejecting CD4+ and CD8+ TILs with activation and exhaustion
features
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Low-dose radiotherapy (LDRT) of murine tumors promotes T-cell infiltration and enables
responsiveness to combinatorial immunotherapy

Treatment efficacy relied upon mobilizing both adaptive and innate immunity and depended
on both cytotoxic CD4+ and CD8+ T cells

LDRT elicited predominantly CD4+ cells with features of exhausted effector cytotoxic cells
These findings were translated to a phase I clinical trial administering LDRT, low-dose
cyclophosphamide and immune checkpoint blockade to patients with immune desert tumors.

In responsive patients, the combinatorial treatment triggered T-cell infiltration, predominantly
of CDA4+ cells with Th1 signatures

Cancer Discov 2022:12:1-26
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Immune desert tumors in humans are reprogrammed following low-dose radiotherapy
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Low-dose radiotherapy (LDRT) of murine tumors promotes T-cell infiltration and enables
responsiveness to combinatorial immunotherapy

Treatment efficacy relied upon mobilizing both adaptive and innate immunity and depended
on both cytotoxic CD4+ and CD8+ T cells

LDRT elicited predominantly CD4+ cells with features of exhausted effector cytotoxic cells
These findings were translated to a phase | clinical trial administering LDRT, low-dose
cyclophosphamide and immune checkpoint blockade to patients with immune desert tumors.
In responsive patients, the combinatorial treatment triggered T-cell infiltration, predominantly

of CD4+ cells with Th1 signatures

These data support the rational combination of LDRT, that elicits dramatic reprogramming
of the TIME, with immunotherapy for the treatment of low-T cell infiltrated tumors

Cancer Discov 2022:12:1-26
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Low Dose Radiotherapy Reverses Tumor Immune Desertification

and Resistance to Immunotherapy

Along with its direct tumoricidal effects, hypofractionated (high-dose)

radiation therapy (RT) can mediate important immunomodulatory

effects including:

(i) Insitu vaccination through release of tumor-associated antigens

(i1) the activation of dendritic cells (DCs)

(ii1) the release of danger signals and the upregulation of cytokines and
chemokines

(iv) normalization of the tumor vasculature

(v) activate DNA sensing pathways in host and tumor cells, triggering
production of type I interferon (IFN) and mobilizing innate and
adaptive immunity

(vi) abscopal effect

Cancer Discovery (2021); DOI: 10.1158/2159-8290.CD-21-0003



