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Definition of Cancer Immunotherapy

Treatments that harness patients’ immune system for
cancer therapy

Monoclonal antibodies

— Target cancer cells

— I(\I/Iggt)nate immune function: Immune Checkpoint Blockade

Cytokines (also blocking antibodies)
Cancer vaccines (+/- dendritic cells)

Adoptive cellular therapy (+/- engineered receptors:
TCR or chimeric antigen receptor, CAR)



Approved Immune Checkpoint Inhibitors (ICls)
for Cancer

2011: Ipilimumab (anti-CTLA4 Ab) for advanced melanoma

2014: Pembrolizumab and Nivolumab (anti-PD1 Ab) for
advanced melanoma

2015: Nivolumab for lung cancer and kidney cancer;
Nivo/lpi combination for melanoma

2016 on: multiple other cancer types; MSI tumors

These treatments still only work for subsets of patients and
some cancer types (20-30% of hot tumors)

Need for biomarkers!



Current FDA Approved Biomarkers for
ICls
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Current FDA Approved Biomarkers for
ICls

Biomarker

Programmed death-
ligand 1 (PD-L1)

Microsatellite
instability/defective
mismatch repair
(MSI/dMMR)

Tumor mutational
burden (TMB)

Cancer types

NSCLC, gastric, cervical,
urothelial, HNSCC,
esophageal, TNBC

Any (<5% of metastatic
tumors): mainly CRC,
endometrial, ovarian,
gastric, other Gl

Any: include CRC,

esophageal, NSCLC, SCLC

ICl agents
Pembrolizmab

Ipilimumab/Nivolumab
Atezolizmab

Pembrolizmab
Nivolumab

Pembrolizmab

Accuracy

low diagnostic accuracy:
predictive of only 28.9%
of ICl approvals 2011-
20109.

Good, but also depends
on method: IHC, PCR,
NGS

Wide variation in results,
also depends on
method: WES, targeted
NGS panels



FDA Approved PD-L1 IHC Assays

Test Name PMA# Tumor Type ICI Approval Scoring PD-L1-Threshold PD-L1 Staining
Year System
PD-L1 IHC 22C3 P150013 NSCLC Pembrolizumab 2015 TPS >=50% tumor cells
pharmDx
PD-L1 IHC 22C3 P150013/ gastric or GEJ Pembrolizumab 2017 CPS >=1 tumor cells,
pharmDx S006 adenocarcinoma lymphocytes,
macrophages
PD-L1 IHC 22C3 P150013/ Cervical Cancer Pembrolizumab 2018 CPS >=1 tumor cells,
pharmDx S009 lymphocytes,
macrophages
PD-L1 IHC 22C3 P150013/ urothelial carcinoma Pembrolizumab 2018 CPS >=10 tumor cells,
pharmDx S011 lymphocytes,
macrophages
PD-L1 IHC 22C3 P150013/ head and neck Pembrolizumab 2019 CPS >=1 tumor cells,
pharmDx S014 squamous cell lymphocytes,
carcinoma macrophages
PD-L1 IHC 22C3 P150013/ esophageal squamous Pembrolizumab 2019 CPS >=10 tumor cells,
pharmDx S016 cell carcinoma lymphocytes,
macrophages
VENTANA PD-L1  P160002/ urothelial carcinoma/ atezolizumab 2018 1C%/IC% >=5%/>=10% or >=50% tumor area/tumor
(SP142) Assay S006 NSCLC or TPS area, tumor ells
VENTANA PD-L1  P160002/ Triple-Negative Breast  atezolizumab 2019 IC% >=1% tumor area
(SP142) Assay S009 Carcinoma
VENTANA PD-L1  P160002/ NSCLC atezolizumab 2020 IC%/TPS >=10%/>=50% tumor area
(SP142) Assay S012 Tumor cells
PD-L1 IHC 28-8  P150025/ NSCLC/SCCHN/UC Nivolumab in 2020 TPS >=1% tumor cells
pharmDx S013 combination with
ipilimumab
PD-L1IHC P160046 urothelial carcinoma Durvalumab 2017 TPS/ICP/ >=25%/ICP > 1% and IC+ tumor cells
SP263 IC+ >=25%/ICP = 1% and IC+ = Immune cells

Wang et al. Frontiers in Oncology 2021

100%.



Tumor PD-L1 is a borderline predictor
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PD-L1 expressed on cancer cells or immune cells?



Current FDA Approved Biomarkers for
ICls

Biomarker

Programmed death-
ligand 1 (PD-L1)

Microsatellite
instability/defective
mismatch repair
(MSI/dMMR)

Tumor mutational
burden (TMB)

Cancer types

NSCLC, gastric, cervical,
urothelial, HNSCC,
esophageal, TNBC

Any (<5% of metastatic
tumors): mainly CRC,
endometrial, ovarian,
gastric, other Gl

Any: include CRC,

esophageal, NSCLC, SCLC

ICl agents
Pembrolizmab

Ipilimumab/Nivolumab
Atezolizmab

Pembrolizmab
Nivo

Pembrolizmab

Accuracy

low diagnostic accuracy:
predictive of only 28.9%
of ICl approvals 2011-
20109.

Good, but also depends
on method: IHC, PCR,
NGS

Wide variation in results,
also depends on
method: WES, targeted
NGS panels



Tumor mutational burden (TMB

>

PD-L1 Expression (%)
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Need for better biomarkers:
Cancer immunity cycle, revisited

Adoptive cellular therapies
TNFR agonists: Engineered TCR
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Immune Contexture of Tumors

Table. Comparison of Pooled Diagnostic Sensitivity and Specificity and Predictive Values for Responders

vs Nonresponders After Anti-PD-1/PD-L1Therapy Between Different Assay Modalities®

Modality

Pooled Sensitivity

Pooled Specificity

Pooled PPVs

Pooled NPVs

PD-L1 IHC (n = 24)

TMB (n = 10)
GEP(n=9)

0.50 (0.48-0.53)
0.57 (0.51-0.62)
0.71 (0.67-0.75)

0.63 (0.62-0.65)
0.70 (0.66-0.73)
0.51 (0.48-0.54)

0.34(0.32-0.36)
0.42 (0.38-0.47)
0.42 (0.39-0.46)

0.78 (0.76-0.79)
0.80(0.77-0.83)
0.77 (0.74-0.81)

mIHC/IF (n = 7)

0.60 (0.53-0.66)

0.78 (0.73-0.82)

0.63(0.56-0.70)

0.75(0.70-0.80)

Multimodality (n = 6)

0.58 (0.50-0.65)

0.79 (0.75-0.82)

0.41 (0.33-0.48)

0.88 (0.85-0.91)

@ JAMA Network:

Abbreviations: GEP, gene expression
profiling; mIHC/IF, multiplex
immunohistochemistry/
immunofluorescence;

PD-L1IHC, programmed cell death
ligand 1immunohistochemistry;
TMB, tumor mutational burden.

2@ All data are reported as a proportion
(95% Cl). Nonoverlapping 95% Cls
suggest statistical significance.

From: Comparison of Biomarker Modalities for Predicting Response to PD-1/PD-L1 Checkpoint Blockade: A
Systematic Review and Meta-analysis

JAMA Oncol. Published online July 18, 2019. doi:10.1001/jamaoncol.2019.1549



Tertiary Lymphoid
Structures (TLS)

Domblides et al. Frontiers in Immunology 2021

HEV
FRC
FDC
Mature DC
CD4' T cell

CD8' T cell
B cell

Plasma cell

Macrophage




Many barriers in vivo to effective anti-
tumor T cell iImmunity

Tumor
Naive
T cell ‘
: e Treg
e PD-L1
e TGF-B
Activation
x Proliferation Effector x 4 * 'DO_
Survival function * Arginase
Lack of TLR «iNOS
o Lack of yc cytoklnes SVEGF
Y Sl o B2
@ @ Migration to tumor \ o B7-x?
Activated « Lack of chemokine .
T cell expression by tumors
o Lack of chemokine receptors
onT cells
e Lack of inflammation at tumor site
CCR Focus A

Lizée G et al. Clin Cancer Res 2007;13:5250-5255



Moving beyond the tumor



Tumor-Draining Lymph Nodes

Tumour “ TME

~ (@ : \A  MHC expression
Microsatellite instability =~ |mmune checkpoint ;; ©
P QR expression :

Mutations _,

Lymph Node

" Tumour antigens

Goode et al. Frontiers in Molecular Biosciences 2021



Blood Biomarkers

Immune cell subsets: PD1+ CD8 T cells, Tregs
Serum cytokines: |IL-6

Immune cells signaling responses

T cell receptor (TCR) clonality

Peripheral blood shed PD-L1

Cell-free (cf)DNA



Multi-parameter

blood biomarkers

Biomarker Cancer type

No. of patients

Main results Reference

(%Ki-67T cells/PD-1'CD8" T cells 3-wk post- Melanoma
treatment)/baseline tumor burden (Ki67/TB)

(%Ki-67" cells/PD- 1 ‘cp8' T cells 1-wk post-  TET
treatment)/(%Ki-67 cells/PD-1 CD8 T cells at
baseline) (Ki-67D7/D0)

NSCLC

%F oxll’13_PD-1hiCD4+ T cells/CD4" T cells Melanoma
(4PD1") 3-wk post-treatment

Fold change of 4pD1"™

TCR diversity of PD-1'CD8 " T cells at baseline NSCLC
and post-treatment

%CD27 CD28 cells/CD4" T cells at baseline  NSCLC

Ratio of the frequency of Treg cells and PMN- NSCLC
MDSCs at baseline

%Effector/memory (CCR7 CD45RA) NSCLC
cells/CD8 T cells at baseline

%TIGIT  cells/PD-1'CD8" T cells at baseline

Discovery cohort: 23

Validation cohort: 18

Discovery cohort: 31

Discovery cohort: 33

Validation cohort: 46

52

Discovery cohort: 25
Validation cohort: 15

51

Discovery cohort: 34

Validation cohort: 29

263 (flow cytometry analysis in 144)

Higher Ki67/TB significantly associated with superior ORR  Huang et al. (34)
(p=0.03) and PFS (p=0.004).

Higher Ki67/TB associated with superior ORR (p=0.14) and
PFS (p=0.06).

Higher Ki-67D7/D0 significantly associated with durable
clinical benefit (PR, or SD for 6 months or longer; p<0.001)
and PFS (p=0.027)

Kim et al. (32)

Higher Ki-67D7/D0 significantly associated with durable
clinical benefit (PR, or SD for 6 months or longer; p<0.01),
PFS (p=0.004), and OS (p=0.001)

Higher Ki-67D7/D0 significantly associated with durable
clinical benefit (PR, or SD for 6 months or longer; p<0.01),
PFS (p=0.002), and OS (p=0.037)

Higher frequency of 4PDhl'hi 3-wks post treatment (p=0.0005) Zappasodi et al. (36)
and fold change of 4PD1" (p=0.046) associated with poorer
OS.

Higher baseline diversity in PD-1 CD8' T cells (p=0.021)  Han et al. (39)
and increased clonality after treatment (p=0.002) associated
with superior PFS.

Higher frequency of CD27 CD28 CD4' T cells associated  Zuazo et al. (42)
superior PFS (p=0.001).

Higher ratio of the frequency of Treg cells and PMN-MDSCs Kim et al. (44)
associated with superior PFS (p=0.0079).

Higher ratio of the frequency of Treg cells and PMN-MDSCs
associated with superior PFS (p=0.0017).

Lower frequency of effector/memory CD8" T cells with
development of hyperprogressive disease (p<0.001) and poor
PFS (p<0.001) and OS (p<0.001).

Kim et al. (53)

Higher frequency of TIGIT  cells among PD-1'CD8" T cells
in peripheral blood at baseline significantly associated with
development of hyperprogressive disease (p<0.001) and poor
PES (p<0.001) and OS (p=0.01).

NSCLC, non-small-cell lung cancer; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; PR, partial response; SD, stable disease; TET, thymic epithelial tumor; CCR7, C-C chemokine

receptor type 7.

Kim et al. 2020



Functional (dynamic) immune assays

« Most assays measure quantities (static)

* Immune system is dynamic -> need to assess
functional status of patients’ immune system

« Measure functional responses after specific
Interrogation:

— Cytokine signaling responses
— Cytotoxicity responses

— Cytokine production



Biomarkers for irAEs

Biomarker Cancer type # pts Main results Reference
Fold change of effector Treg cells 1-wk post- TET 31 Patients with rAEs can be distinguished into 4 distinct Kim et al.
Th17 to Thl ratio at baseline NSCLC 60 subtypes according to the T-cell parameters and each  (63)
%Ki-67"/PD-1"CD8" T cells 1-wk post-treatment T-ceﬂ parameter predicts the corresponding subtype of
%TNF-a' /CD4" or CD8" T cells 1-wk post-treatment TAES
Memory cytotoxic (CD45RO GzmB 'Ki-67") CD4" T Melanoma 3 Activated memory CD4" T cells were highly enriched Johnson et al.
cells in inflammed, affected region of cases with (68)
Early B cell changes (decline in B cells, increase in =~ Melanoma 23 Decline in B cells but an increase in CD21° B cels  Das et al.
CD21° B cells) more prominent in patients with severe irAEs that (72)

received combined anti-PD-1 and anti-CTLA-4
Cytokine expression-based score Melanoma 98 Eleven cytokines were integrated into a single score ~ Lim et al.

(CYTOX) and it significantly predicted development of (77)

severe irAEs in patients treated with combined anti-PD-

49 CYTOX score significantly predicted development of

Auto-Abs (rtheumatoid factor, antinuclear Ab, NSCLC 137 Preexisting rheumatoid factor or auto-Abs significantly Toi et al. (75)
antithyroglobulin, and antithyroid peroxidase) correlates with development of any grade irAEs
Anti-thyroid Abs (anti-microsomal and anti- NSCLC 51 Presence of anti-thyroid Abs either at baseline or Osorio et al.

thyroglobulin)

during anti-PD-1 treatment was significantly associated (76)

NSCLC, non-small-cell lung cancer; TET, thymic epithelial tumor.

Kim et al. 2020



Gl Microbiome
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Current state of biomarkers:
Work in progress
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Biomarkers for CAR T therapy?

IFNy production by CART

cells and IFNy responsiveness of host
immune cells are critical for tumor immune
landscape remodeling

to promote a more activated and less
suppressive tumor microenvironment.

Alizadeh et al. Cancer Discovery 2021



Precision Immunotherapy

Integrative computational algorithms:

MSI/dMMR

Patient

Gene expression
Response

«=m GUt Microbes

signature to ICIs
Others , I Neoantigens
B‘Qﬁé":ﬁ;ii“’“s Tumor infiltrating

Immune cells

Wang et al. Frontiers in Oncology 2021



Thanks!

plee@coh.org
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