Use of MHC multimers to identify tumor
reactive T cells
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Clear value of mobilizing endogenous
tumor-specific T cell responses

1. TIL therapy

1. Checkpoint blockade

Patients Surviving (%)
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What could tumor-specific cytotoxic T cells detect on human

cancer?
CD8+T cell
E . : .
TCR 1. Self antigens (to which tolerance is incomplete)
‘ CD8 Shared between patients
\ ‘H’)) 2. ‘Neo-antigens’, epitopes that arise as a
MHC I‘) consequence of tumor-specific mutations
U Truly foreign, need to be monitored on a
patient-specific basis
Each class, hundreds of (potential) T cell epitopes o
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UV-induced peptide exchange allows generation of 1,000s of pMHC multimers
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- HLA-AL, -A2, -A3, -All, -B7, -B27, -B57 (Toebes Nat Med 2006, Bakker PNAS 2008)
- HLA-A24, -B40, -B58 (G. Grotenbreg, NUS, Singapore)



Tools for high-throughput analysis of neo-antigen specific CD8 T cell responses
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Flow results...

Pretherapy
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Reproducibility

R2=0.9638

Experiment 1
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Reproducibility between 2 independent experiments with changed color code is high



Tumor-infiltrating lymphocyte (TIL) therapy of melanoma

TIL are grown ) 3 h{ A
from melanoma Rapid Expansion f' SO o)
tumors “ 05>
DO Infusion of
TIL + IL-2
Patient pretreated with
lymphodepleting
chemotherapy
) 7R
::-Lgi
.. - }S -w-
- Do we detect tumor-specific T cell responses in the cell product? ER 5=
i TE L™= >
- If so, what do these T cells recognize?
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- Does composition of the cell product predict post-treatment immune reactivity?



Melanoma associated epitope panel

HLA-A2 restricted peptide panel includes 145 epitopes

Overexpressed antigens
e.g. Survivin
45%

Cancer/Testis antigens
e.g. MAGE family
27%

Mutated antigens
e.g. CDK4
4%

Unclassified antigens

e.g. MG50
Melanoma differentiation antigens 6%
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Visualizing the composition of TIL

Pt. 1 Pt. 2
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Visualizing the composition of TIL

T cell responses are very low magnitude

0.1-0.99 %
1.00-4.99 %
> 4.99 %
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TIL therapy broadens the melanoma-specific T cell

repertoire
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What could tumor-specific cytotoxic T cells detect on
human cancer?

CD8+T cell

1. Self antigens (to which tolerance is incomplete)
Shared between patients

2. ‘Neo-antigens’, epitopes that arise as a
consequence of tumor-specific mutations
In large part patient-specific, hence generally
ignored

MHC
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Specific questions to address

R/

s Is CD8 T cell reactivity against neo-antigens common in human melanoma ?

R/

s Do CD4 T cells also respond to neo-antigens in human melanoma ?

s Does this extend to other human malignancies ?

R

:af

NETHERLANDS -c_-:i-)
CANCER /¢ 3

INSTITUTE :

ANTOMNI VAN LEEUWENHOEK



Analyzing the neo-antigen-specific CD8 T cell repertoire in human cancer?
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Generate map of tumor-
specific mutations (ExomeSeq)

!

Determine which mutated
genes are expressed (RNASeq)

l

Predict epitopes for each
mutation/ each HLA-allele in silico

l

-
Screen for T cell recognition ‘f)
of mutated epitopes
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Pt 002: Partial response upon anti-CTLA4 treatment
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Analyzing the neo-antigen-specific T cell repertoire in human cancer?

Resected tumor material

Isolate tumor cells
( (f'_‘i'o
40 e
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l

Identify tumor-specific mutations

% of Non-Synonymous mutations
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Analyzing the neo-antigen-specific T cell repertoire in human cancer?

Resected tumor material

N\

Isolate tumor cells Isolate tumor-infiltrating T cells
1 (;92%;3 “g
\\Q g
l Screen with MHC multimer technology
Identify tumor-specific mutations :f
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Predict potential epitopes



Strong T cell response against an ATRg,, heo-epitope within the tumor
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Resected tumor material
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Increased magnitude of neo-antigen-specific T cell response under anti-CTLA4
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Pt 008: CR upon TIL therapy

Resected tumor material
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Pt 008: CR upon TIL therapy

Infusion TIL product
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Pt 008: CR upon TIL therapy

Infusion TIL product Pre-therapy PBMNC D7 post-therapy
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Major (>5000 fold) increase in neo-antigen specific T cell reactivity upon TIL therapy



Pt 004:

Resected tumor material

N
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pMHC multimer A

1I:|3 1IZI4 1I:|5

Pt 004:

pMHC multimer B

DNAH17,,., (0.003%)
VLFEDAVAH > VLFEDAVAY

CDK4,,, (1.604%)
ARDPHSGHFV > ALDPHSGHFV
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Are neo-antigens superior cancer rejection antigens?
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Are neo-antigens superior cancer rejection antigens?
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1)
Inject human

melanoma
(NSG-mice)

@
2a) 2b)

Inject autologous
neo-Ag enriched
T-cell product
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Inject autologous
bulk T-cell product

3)
Monitor tumor growth




Neo-antigen enriched TIL can mediate superior tumor control
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Summary of CD8 T cell analyses

11 patients analyzed, neo-antigen specific reactivity in 9

(Not all alleles covered, exome coverage incomplete, epitope predictions imperfect)

CD8 T cells frequently respond to the consequence of DNA damage in human melanoma
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Evidence for neo-antigen reactive CD4 T cells?
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Evidence for neo-antigen reactive CD4 T cells?

Rationale to assess existence of neo-antigen reactive CD4* T cells:

» Tumor-specific CD4* T cells contribute to tumor control in mouse
models

» Human melanomas often express MHC class Il

» Arecent case report showed tumor regression upon infusion of CD4*
T cells specific for a mutated antigen (Tran et al. Science 2014)
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Novel screening platform to detect neo-antigen specific CD4 T cells

f ‘\, 1b: Tumor excision
1a: Isolation & .
immortalization of B cells : @Zb Isolation of TIL

2a: ldentifying tumor-

specific mutations 3: Sorting & expanding
of CD4* T cells
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Novel screening platform to detect neo-antigen specific CD4 T cells

1a: Isolation &

~ ‘\ 1b: Tumor excision
immortalization of B cells .: @213 Isolation of TIL

2a: ldentifying tumor-

specific mutations 3: Sorting & expanding
of CD4* T cells

4: Synthesizing mutated
long peptides
IRRSSTSGOTEEEEEHAPFFSSDEQKRASEA

5: Loading of autologous B cells
with long peptides

d

6: Culture with autologous
CDA T cells

oy

7: Analyze cytokine production

Linnemann, van Buuren, Bies et al, Nat Med 2014
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IFN-y (pg ml")

Evidence for neo-antigen reactive CD4 T cells?
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Evidence for neo-antigen reactive CD4 T cells?
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Neo-antigen reactive CD4 T cells in clinically effective T cell products?

(6 months PR upon TIL therapy)

Tumor-infiltrating

lymphocytes
(TIL) are grown from
melanoma tumors . .
Rapid Expansion
Infusion of
TIL +IL-2
) 8
py W P
{ Y {
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AR gl s .
Vi i/ Patient pretreated with
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Neo-antigen reactive CD4 T cells in clinically effective T cell products?

(6 months PR upon TIL therapy)

Tumor-infiltrating
lymphocytes
(TIL) are grown from

melanoma tumors . .
Rapid Expansion

Infusion of
TIL +IL-2

W
V1™ Ppatient pretreated with

Prior to TIL

5 wks post TIL

CD4

lymphodepleting

chemotherapy
Control LEMD2;.,
. 4.48%
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Neo-antigen reactive CD4 T cells in clinically effective T cell products?
(6 months PR upon TIL therapy)

LEMD2.., specific CD4* T cells persist after TIL therapy
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Neo-antigen reactive CD4 T cells in clinically effective T cell products?
(>7 years CR upon T cell therapy)

Tumor-reactive T
lymphocytes are grown
by culture of PB T cells

with autologous

melanoma Expansion

=)

Infusion of T
cells + IFNa

X

Verdegaal et al. Cancer
Immunol Immunother. 2011
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Neo-antigen reactive CD4 T cells in clinically effective T cell products?
(>7 years CR upon T cell therapy)

Tumor-reactive T
lymphocytes are grown
by culture of PB T cells

with autologous

melanoma ﬁ Expansion

Infusion of T
cells + IFNa

| %
\
} |
Verdegaal et al. Cancer
Immunol Immunother. 2011

ZC3H18,

0.77% 2.21% 7.89%

— CD4 —

IFN-y

Linnemann, van Buuren, Bies et al, Nat Med 2014



Summary of CD4 T cell analyses

5 patients analyzed, neo-antigen specific reactivity in 4

CDA4 T cells also frequently respond to the consequence of DNA damage
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Mutational load in human malignancies
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Mutational load and T cell recognition of neo-antigen
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Can we expect a neo-antigen repertoire in other human cancers?

Probable
Questionable?
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NSCLC: Induction of neo-antigen specific T cell reactivity upon PD-1 blockade
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Change in tumor burden
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NSCLC: Induction of neo-antigen specific T cell reactivity upon PD-1 blockade

200+

100

Change in tumor burden

Rizvi et al, Science 2015
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NSCLC: Induction of neo-antigen specific T cell reactivity upon PD-1 blockade
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NSCLC: Induction of neo-antigen specific T cell reactivity upon PD-1 blockade
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First evidence for neo-antigen specific CD8 T cell reactivity in lung cancer



NSCLC: Mutational load and clinical outcome to antiPD-1 therapy (MSKCC)
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NSCLC: Mutational load and clinical outcome to antiPD-1 therapy (MSKCC)

Discovery cohort
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NSCLC: Mutational load and clinical outcome to antiPD-1 therapy (MSKCC)

Mutational load
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Conclusion and future directions

s The T cell based immune system commonly responds to the consequences

of DNA damage in human melanoma

% Recognition of neo-antigens is likely to be a major component of clinically

active immunotherapies

= Tumor types with high mutational load are more likely to respond to

immunotherapy

Note: NO clear threshold

Not (very) useful as a predictor of response for individual patients o

Useful to understand biology of tumor control ,-;Lg-.l

Useful to identify tumor types that are attractive targets for immunotherapy S =
SN

Incentive to develop therapies that boost neo-ag. specific T cell responses



Conclusion and future directions

s Neo-antigen specific T cell reactivity can be enhanced by different types of

immunotherapies (antiCTLA-4, antiPD-1, TIL therapy)

s Efforts to specifically enhance T cell reactivity against neo-antigens would be

highly attractive
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Lessons and Take Home Messages

« MHC multimers provide an excellent tool to study tumor-
specific CD8 T cell in patients

e This technology allows to study tumor-specific T cell
populations in all cancer types in peripheral blood and
TIL in relation to cancer immunotherapy

* Neo-antigen-specific CD8 and CD4 T cells are common
in melanoma and are likely to play a key role in cancer

immunotherapy in melanoma and beyond o
2%
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Pt 010: complete response upon TIL therapy

Resected tumor material

Isolate tumor-infiltrating

T cells
Isolate tumor cells ﬁ
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Pt 010: complete response upon TIL therapy
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BRCA2 (stopgain)
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9, 10 and 11 mers
Melanoma only

epitopes with signature (n = 2)

u epitopes without signature (n = 31)
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Evidence for neo-antigen reactive CD4 T cells?
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Side note: Oncogene-immortalized autologous B cells versus EBV B cells

5
f/ \ 1b: Tumor excision

immortalization of B cells @21)2 Isolation of TIL
y r:
@ ﬂ 2a: ldentifying tumor- \
)

1a: Isolation &

specific mutations 3: Sorting & expanding
of CD4* T cells

4: Synthesizing mutated
long peptides
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5: Loading of autologous B cells
with long peptides
6: Culture with autologous
CD4 T cells
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1000+ 7: Analyze cytokine production
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NSCLC: Mutational load and clinical outcome to antiPD-1 therapy (MSKCC)

Progression free survival
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1)
Inject human

melanoma
(NSG-mice)

2a)
Inject autologous
bulk T-cell product

3)
Monitor tumor
growth

2b)

Inject autologous
neo-Ag enriched
T-cell product
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Neo-antigen enriched TIL can mediate superior tumor control

Tumor size (mm2)
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