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The search for biomarkers to predict response to
Immunotherapies in NSCLC patients

Gerwin Heller, PhD, Medical University of Vienna, Comprehensive Cancer Center
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« Background

« Mutation burden and response to immunotherapies

« Gene/pathway alterations associated with response to immunotherapies
» Epigenetics — DNA methylation

* Link between epigenetics and immunotherapies
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PRINCIPLE OF ANTI-TUMOR IMMUNITY

Trafficking of
T cells to tumors

@ (CTLs)

Priming and activation
(APCs & T cells) @

Infiltration of T cells
into tumors
(CTLs, endothelial cells)

Cancer antigen
presentation @
(dendritic cells/ APCs) @
Recognition of
cancer cells by T cells
(CTLs, cancer cells)

Release of @

cancer cell antigens
(cancer cell death)

Killing of cancer cells
(immune and cancer cells)

Chen et al., 2015
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IMMUNOTHERAPIES ARE ...

* ... revolutionizing anti-cancer Urgent need for predictive biomarkers
thera -
Py  PD-L1 expression (tumor cells /
* ... active in multiple tumor types immune cells)
* ... characterized by durable clinical + Mutation burden / neoantigen
benefit in a subset of patients expression
1 * Individual genes / pathways

« Epigenetic markers
20 - 30%
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MUTATION BURDEN - PREDICTIVE
MARKER OF RESPONSE TO
IMMUNOTHERAPIES?
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MUTATION BURDEN (MB) IN VARIOUS HUMAN TUMOR ENTITIES

Formation of
neoantigens

ewloueay
snowenbs 3unT
ouape 3un
yoewoijs
sn3eydos]

1190 ||ews 3un
win3oa10j0)
Jsppejg

sniayn

XIAIRD

J3AIT

08U pue peaH
1192 1830 Aaupry)
|192-g ewoydwA]
Aie|ided Asupry|
1sealg

seaJoued
ewo|aAiN

AienQ

91e150.d
eulojse|qolo
apeJ3 mo| ewol|n
BLO}SE|qOINaN
BLUO)SE|O||INPajy

110

aqoydowoiyd Aaupry

ploJAyL
TV
IAY

BUWO0JAD0.3SE 213A00)1d

1000

Schumacher et al., 2015
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DETECTION OF MB: WHOLE EXOME SEQUENCING

DNA Shearin g _1_/- 0
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PEMBROLIZUMAB - MISMATCH-REPAIR DEFICIENT TUMORS

5000+ B Radiographic Response

P=0.02 100
B Mismatch repair—proficient colorectal cancer

M Mismatch repair—deficient colorectal cancer
M Mismatch repair-deficient noncolorectal cancer

w
o

30004

2000+

Somatic mutations per tumor

30% decrease (partial response
10004 6 (p ponse)

Change from Baseline in the Sum
of Longest Diameters (%)
o

—_— e -50-
A —_—
0 — LIPS
Objective Response Stable Disease Progressive Disease -100-

High number of somatic mutations correlates with response to treatment
Le etal., 2015
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PEMBROLIZUMAB - NSCLC IPILIMUMAB - MELANOMA

= o, 17504 1750+
g 1200, L] 100 - High nonsynonymous burden 5 .
3 ° “ Low nonsynonymous burden § 15004 P=0.01 by 1500
B o S Mann—Whitney test .
S 8001 . T 2 1250- [ | 1250-
= S @
I 4 ] e g . : N
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& & s .
3 4007 . £ 59 e 750 . 750
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% E_ o S 2507 : o* 250+ 2 een®
S o a_gn 0 0 - — 0 - sedlee
i 0 T nt 4 3 12 1.6 p:o 24 Long-term Minimal or Long-term Minimal or

DCB NDB Months benefit no benefit benefit no benefit

Rizvi et al., 2015 Snyder et al., 2014

High number of somatic mutations correlates with response to treatment
Feasible biomarker in clinical routine??
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WHOLE EXOME SEQUENCING VS TARGETED SEQUENCING

Rizvi cohort Snyder cohort
WES TST170 WES TST170
1500 15 2000 30

@ p-value = 0.009 @ p-value = 0.007 & n p-value = 0.01 ™ @ p-value = 0.006
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Non- Responders Non- Responders Non- Responders Non- Responders
responders responders responders responders

Highly comparable data between WES and Illumina TruSight Tumor 170 panel
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DNA METHYLATION - PREDICTIVE
MARKER OF RESPONSE TO
IMMUNOTHERAPIES?
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DNA METHYLATION

 Covalent addition of -CHs to carbon

5 of cytosine within CpG dinucleotide NH, DNMT1 NH,
DNMT3A
* Reaction catalyzed by DNA NN DNMT3B NN
methyltransferases (DNMT) | /g —’s i | /g
» Co-factor: S-adenosyl-L-methionine ﬂ O ﬁ O
(SAM)
cylosine 5-methylcytosine
* Reversible process (SmC)
Ku et al., 2011
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CPG ISLANDS

* CpG-rich genomic regions of 0.5-4 kb
In length

« Located in promoter region of ~ 60%
of mammalian genes

« Usually unmethylated (exceptions:
e.g. x-linked, imprinted genes)

« Tissue specific e.g. Cancer Testis
Antigens

© HIMSS Europe GmbH 14

i

YW aecHealthSummitAT

;';.M_ e 1]
Hypermethylated <= CpGiisland
pericentromeric (hypomethylated)
heterochromatin
lHypomethylation Hypermethylation

genomic instability

Mitotic recombination,

Transcriptional repression,
loss of TSG expression

Y
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CANCER TESTIS ANTIGENS

9 Pluripotent stem cells

Human Mou
MAGEA3/6  Magea 1 3
MAGEA4 Magead
MAGEA8  Mageas
GAGE Magea6
Magea8

l
« Large family of testis/placenta

specific proteins

Progenitors and differentiated c

« Silenced by methylation in

Ectoderm

// \\ Emaembryomc tissues

Extraembryomc

YW aecHealthSummitAT

ells

Placenta

. - . Germ line d derm ~ Mesoder d d hobl
differentiated somatic cells
MAGEAL Mageal-3 MAGEAS  MAGEA4 “SD MAGEAS MAGEA2-6 Magel2
. . : MAGEAL hsgeah e “NAGEL?
- Re-expressed various malignancies s M i
* Recognized as non-self structures — e e e Lem e
germ cells germcells Q S o ; o 2 g ?
Adult cell a a R ! SSX 7
. MAGEAS AllCTAs All CTAs Tliig; MAGEL2| Magel2
vecd
+ Induce immune response
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REDUCED CTA METHYLATION IN LUSC

« TCGA data

* Lung squamous cell carcinomas

« 372 primary TUs

* 43 matching NLs

* Infinium HumanMethylation450
BeadChip

S
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CTAMETHYLATION VS. EXPRESSION IN LUSC

pathologic stage

gender I|IIIIIIII||III|I|IIIIIIII|I|III|IIIIIIIIIIIII|I|III|II|III||IIII|IIIIII|III|I|IIIIIIII||III||IIIIIIII|I|III|IIIIIII|III|III|I|II|II=IIII|I|III|IIIIIIIIIIII|IIIIIIIII||IIII|IIIIIIIII|I|II|I|IIII|IIIIIIII|IIII|III P

sample type

MAGEA10 _
Ccomparison to EXpIress 0
lymphocyte infiltration r = -0.0424
age at diagnosis r=- 87
pack years smoked r = -0.0014 2
tobacco smoking history r = +0.0234

mRNA expression —

r = -0.641 &%

DNA methylation

r = -0.744 #&¥

-0.720 #&k*
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IS REDUCED CTA METHYLATION / INCREASED CTA EXPRESSION
A PREDICTIVE MARKER?

Tumor cell CTA T-cell

Nivolumab
Copyright © 2017, Gerwin Heller
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