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What are Biomarkers
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Biomarkers tell you....

...of an association ...of the likelihood of an event

Giantis
Causeway,

Belfast
O
Is

Dublin
®

Galg.ray
Ireland




Estrogen Receptor as a Biomarker

Single-agent Immunotherapy efficacy

Estrogen

Proliferation during
cancer progression

Myc, cyclinDI1, BCL2, ...
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Estrogen Receptor as a Biomarker
Prognostic Marker in Endometrial Cancer
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Estrogen Receptor as a Biomarker
Predictive Marker for Response to Anti-Hormonal

Tb erd pj/ ER-positive disease

50— ER-positive PR-positive: 7378 women
(45% node positive, 55% chemotherapy)
40 - Control
37-7%
&5
— 304
H
g 26-1%
g 24-8%
3 =5 years
5 704 tamoxifen
g
15-4%
10+
RR0-63 (95% Cl 0-58-0-68)
Log-rank 2p<0-00001
10-year gain 12-9% (SE 1-2)
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Why do we need Prognostic or Predictive Markers?

Who needs treatment? Which treatment is best?

Therapeutic Options

Avoid over & under treatment Individualize treatment
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Predictive Markers help individualize Treatments

iI ii Standard " iI ii
ﬁ Therapy Few patients respond
to therapy
ﬁ ii Most patients fail therapy
Inadequate response
No response
ﬁ ﬁ ﬁ t Developresistance

Patients with a “type” of cancer
(recognizing the molecular subtypes)

A

)

ADVOCACY
RIGCAN 217

Annual Survivor-Caregiver Summit



How do we measure Biomarkers?

diagnostic prognostic predictive
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How do we measure Biomarkers?
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Biomarkers in Endometrial Cancer



Integrated genomic characterization of
endometrial carcinoma

The Cancer Genome Atlas Research Network*
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4 Molecular Subtypes

Endometrial cancer

© MAYO FOUNDATION FOR MEDICAL EDUCATION AND RESEARCH. ALL RIGHTS RESERVED



Managing MSI-high disease \

Single-agent Immunotherapy efficacy <

KEYNOTE-158 Peisalbszolsisls 49 Advanced / metastatic 57%

dMMR
Previously treated

GARNET Dostarlimab 103 Recurrent / advanced 45%
dMMR

PHAEDRA Dol 35 Advanced / metastatic 43%
dMMR

NCT02912572 Avelumab 15 Advanced / persistent 27%
dMMR

RIGCAN 2vackcy
premmou snecsassencss | NETWORK Marabelle A, et al. J Clin Oncol. 2020;38(1):1-10. 2. Oaknin A, et al. Presented at European Society for Medical

Annual Survivor-Caregiver Summit Oncology Virtual Congress 2020. 3. Antill YC, et al. J Clin Oncol. 2019;37(15_suppl):5501. 4. Konstantinopoulos PA, et
al. J Clin Oncol. 2019;37(30):2786-2794; Bonneville R, et al. JCO Precis Oncol. 2017;1:1-15.




Managing MSS disease: \

Single Agent 10 Elfficacy in Biomarker Negative Endometrial Cancer Q

KEYNOTE-28

Konstantinopoulos

o 04

Pembrolizumab 24 Advanced/metastatic PD-1.1+ 13%

Previously treated

Dostarlimab 142 Recurrent/advanced 13.4%
pMMR
Advanced/metastatic o
Durvalumab 36 HMMR 3%
Advanced/metastatic o
Avelumab 16 SMMR 6%
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et al. ASCO 2019. Abstract 5501. 4. Konstantinopoulos PA et al. J Clin Oncol. 2019;37(30):2786-2794.



Managing MSI-high disease
Mismatch Repair Deficiency or Microsatelite Instability
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Biomarkers for MSI-high disease
Mismatch Repair Deficiency or Microsatelite Instability

[0

:

|

Immunohistochemistry qPCR-based MSI analysis Next-Generation Sequencing
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4 Molecular Subtypes

Endometrial cancer
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Estrogen Receptor as a Biomarker

'S
Letrozole and Palbociclib in ER~+ Endometrial <«

cancer

100
HR=0.56
(95% CI 0.32-0.98)
—~ 75— P=0.0376
s Median: 3.0 vs 8.3 mo
2
25—
0 | | |
0 5 10 15
Number at risk Time (months)
Palbociclib + letrozole 36 21 14
Placebo + letrozole 37 17 10
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p53 as a Biomarker
Slenexcor in p53 wild-type Endometrial Cancer
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4 Molecular Subtypes

Endometrial cancer
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HER2 as a Biomarker

in Endometrial or Ovarian Cancer

NORMAL CELL HER2+ CELL

HER2 receptor —

—— HER2 receptor

HER2 gene
(ERBB2)

HERZ2 gene
(ERBB2)

Nucleus

Amplification-multiple HER2 genes
Overexpression-many HER2 receptors

Nucleus
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HER2 as a Biomarker
Trastuzumab + Chemotherapy in HERZ2 + FEndometrial Cancer

Trastuzumab plus carboplatin Chemotherapy
and paclitaxel alone
Median
PFS T
MONTHS MONTHS
OS MONTHS MONTHS
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Biomarkers in Ovarian Cancer



Homologous Recombination (HR) Deficiency

BRCA2
Germline, 6%
BRCA1l
NF1 Loss, 17% _Somatic, 4%
BRCA2
Somatic,
3%
RB1 Loss, 15% BRCAl
Methylation,
11%
CCNE1
Amplification, Other HRD PTEN Loss, 6%
20% 10%
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Homologous Recombination (HR) Deficiency
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BRCA Mutations and HRD as a Biomarkers
PARP: synthetically lethal

)
PARP INHIBITOR &
*

Repaired by BER l Impaired BER l ﬁggg\éelops
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HR proficient / \ HR deficient
“

DSB repaired DSB accumulation and
replication fork collapse
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Significant progress for BRCA associated

CancCers

SOLO1- g BRCAm PRIMA
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Progression-free survival ()

Placsbo
o 3 6 & 1z 15 18 21 324 327 20 33 38 3% 4z 45 48 51 =4
Time from Randomization [months]
Ho. at risk.
Olaparit, 260 240 228 221 2 201 194 133 172 149 135 133 111 B8 45 3B 4 3 O
Placebo 131 118 103 32 &5 56 53 47 41 39 3| 3L W@ 22 0§ 3 1 o o

Clmasnifiiocatan istirval; MR-t raachid; HR=hagird riia; PFS-gragrskes e iurahl,

NR mo vs 13 mo
HR 0.30 (95% CI: 0.23, 0.41)

NR vs. 14.1 mo
HR 0.28 (95% CI 0.2-0.39)
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HRd BRCAmMut
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Months since randomization FPlacebo 80 78 72 63 59 52 #1 3 22 13 7 4 1 1 0

Niraparib 152 148 140 127 125113 77 S5 48 29 15 14 10 &
Placebo 71 65 57 44 41 34 21 14 14 7 2 2 2 1

37.2vs 17.7 mo INV
HR 0.33 (95% CI 0.25-0.45) REVIEW

BICR

HR 0.40 (95% CI .27-0.62) REVIEW

1. Coleman R, et al. N Engl J Med. 2019: 381 (25): 2403-2415. 2. Gonzalez Martin A, et al. N Engl J
Med. 2019: 381(25):2391-2402. 3. Ray-Coquard I, et al. N Engl J Med. 2019:381(25):2416-2428.



And for those women with HRD +/BRC Awt

tumors - not perfect but good

" Hazard ratio: 0.50 (95% CI, 0.31-0.83)
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HRP tumors are the big focus now

100 100 Hazard ratio 0.68
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Cyclin E Amplification as a Biomarker

Normal Cell

High Cyclin E1

Addition of ATRi to WEE1i

Replication Fork

Premature S Phase Entry
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G,-M Checkpoint Loss COLLAPSE
Mitotic Catastrophe

New Targets: WEE1, ATR, PKMYTH



Cyclin E Amplification as a Biomarker
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Biomarkers ot Angiogenesis

< Hypoxia, acidosis activates hypoxia response genes
(eg, VEGFA)

Thrombospondin e

l »  PEphrinB2 ©
Integrins mediate
Proteolytic processing: < > ECM interactions
Plasminogen, Prolactin, «——e ECM:
Procollagen XVIil, MMP-2 MMPs, tPA, UPA,
PAI, TIMPs < ~

Regulates sprouting and branching: DIl4

VEGFs A-D, placental growth factor (PIGF)

Recruitment
—> 5 of monocytes
and leukocytes

by chemokines

3 "
wep promotes
'?,G inflammation

Local angiogenic stimulators:
TGF-a, TGF-B, aFGF, bFGF, PDGF

oA

il organization R CXC-chemokines
ADV&&% b;gcytokines Ang-1 i ? > (eg, CXCL12)
NET&/OBK" angiopoietins Ang-2
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Gene Expression Profiles as a Biomarkers

consensus matrix k=3
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Gene Signatures and Bevacizumab Response

ICON7/AGO-OVAR11

/ n=15238 \

FIGO stage I-IIA
(clear cell or grade 3)
or FIGO stage |I1B-IV
« Surgically debulked
histologically

\ confirmed OC j
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1:1

BEBBRN carbopiatin AUC 5 or 6
BER R Facitaxel 175 mgin?

HEBR RN carboptatin AUC 5 or 6

R RRN Facitaxel 175 mgim?
W

Bevacizumab 7.5 mg/kg q3w
18 cycles (12 months)

Proportion alive without progression

PFS
1.00 - : Control Research
Jitselilgl, 17.4 19.8
months
Log-rank test p=0.039
0.75 - HR (95% CI) 0.87 (0.77-0.99)
S e T
1
!
Lo
0.25- o
Loy
o
1741 11938
| 1
0 1 ] ] 1 1 1
0 6 12 18 24 30 36

Time (months)

Perren TJ, et al. NV Eng/ J Med. 2011 Dec 29;365(26):2484-96



Gene Signatures and Bevacizumab Response

Differentiated-like Immune-like Mes.-like Proliferative-like

ADVOCACY
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Group Median A PES in
Months
All 6.5, p=0.004
Immunoreactive 3.8, p=0.080
Differentiated 3.7, p=0.610
Proliferative 10.1, p=0.015
Mesenchymal 8.2, p=0.405

Winterhoff B, Kommoss S, Konecny GE. J (lin Oncol 32:5s, 2014 (suppl; abstr 5509)




Cell Surface Markers as Biomarkers



Tumor Specitic Biomarker

Color Key

Tumor Normal
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Identity Proteins on the Cel

| Surface which

can be targeted with Monoc

onal Anitbodies
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Antibody Drug Conjugates

Antibody
Targets cancer cells

Linker
Joins antibody and drug ‘

Cytotoxic drug
Destroys cancer cells

ADVOCACY
RIGCAN 217

Annual Survivor-Caregiver Summit




FOLRT1 as a Biomarker in Ovarian Cancer
Based on their overall efficacy and adverse event profile = paradigm shift.

Mirvetuximab

Soravtansine

Endosome
= recycling

8 ® &
%

Release of active
|| cytotoxic payload
|

Endocytosis
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Novel Biomarker and ADC Target

CLA UDIN 6 Overall survival - Ovarian Cancer
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Novel Biomarker and ADC Target
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Expression of Claudin 6 in Normal Tissues (GTEX)
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Expression of HER2 in Normal Tissues (GTEX)
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Claudin 6 a New Biomarker

* TORL-1-23 1s an ADC with a fully humanized IgG1 (TORL-1-23-MAB) linked to MMAE
through a cathepsin hydrolysable dipeptide VC linker (ve-MMAE).

cathepsin-cleavable
altachment Croup Enkar Epacer MMAE
Yal Git OH
MAB—s i neo | (j\l/'\ﬂ/n
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The higher the CLDNG positivity, the lower the
likelthood that patients are FOLR1 positive

CLDN 6+ high (upper half of
CLDNO FOLR1+ CLDN 6 mid/ high) population

+ (18%0) appears to be distinct
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ADC
Landscape
2023
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Immunotherapy Biomarkers



PD-L.1 1s a Weak Biomarker for Immunotherapy

Number of PD-L1-stained tumour cells
TPS (%) = x 100% (for 22C3 or SP263)
Total number of viable tumour cells

Number of PD-L1-stained tumour cells
TC (%) = x 100% (for SP142)
Total number of viable tumour cells

Area of tumour infiltrated by

PD-L1-stained immune cells
IC (%) = x 100% (for SP142)
Total tumour area

Number of PD-L1-stained cells

(tumour cells, lymphocytes and macrophages)
CPS = x 100 (for 22C3)
Total number of viable tumour cells

ADVOCACY
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Evolving Biomarkers for
Immunotherapy Response pgsse

Tumour ,
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Tumour microenvironment
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Biomarker Development with

Single Cell Sequencing
and
Multplexed Immunohistochemistry



Cost per Genome

$100M -

$10M

$1M
Moore's Law

$100K = o

$10K o

m National Human Genome
Research Institute
$1IK- A

genome.gov/sequencingcosts

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2017 2019



Single Cell RN Aseq

Heterogeneous tissue Dissociated cells Single cells ready for scRNA-seq

Annual Survivor-Caregiver Summit



Single Cell RN Aseq tor Biomarker Studies
Loom in to the Single Cell 1 evel

30

B cells
20 ® T cells
Fibroblasts
10 ® Tumor cells PD-L1-
® Tumor cells PD-L1+
0 ® Myeloid
-10
-20
Tumor
-30
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Muliplexed Immunohistochemistry
High Spacial Resolution ot Biomarkers

B DAPI W Cytokeratin PD-L1 [JCD8 M CD20

{"100 ym Before Treat'l"nent
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Biomarker Testing
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FOUNDATION

MEDICINE

[/ FOUNDATIONONE cOx™ nes
Lung non-small cell lung carcinoma (NOS)

Interpretive content on this page and subsequent
pages is provided as a professional service, and is preiidad,
ot reviewed o approved by the FDA.

PATIENT Biomarker Findings
Tumor Mutation Burden - TME-High (20 Muts/Mb)

Lung non-small cell lung carcinoma (NOS) Fesndsmpesiurriivey

Genomic Finding
complee it fthe senes oy, s et e Appendi

KRAS G120
COKN2A/Bloss
MTAPloss exons 2:8
Tps3HIGEL

ALK, BRAF MET,

ERBSZ, RET, ROST
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HERAPIES WITH THEAPIES WITH CUNCAL
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Tumor Mutation Burden - TMB-High (20 Atezolizumab Avelumab
Muts/Mb)

Nivolumab. Durvalumab.

10 Trials seep. 10 Pembrolizumab

Microsatellite status - MS-Stable
KRAS - G120

10 Trials seep. 14

(GENOVC FINDINGS ANO BIOMARKERS WITH NO REPORTABLE THERAPEUTIC OR CLINICAL TRIAL OPTIONS

tion regarding bicl i
cations, se the Genomie Alterations section.

No therapies or clinical tial. e slomarker Findings section

THERAPIES WITH CLINICAL BENERTT
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‘TEMPUS

Lung Sample
Patient 22024

Date of Birth
11/22/1961
Sex

Male

Physican
Or. Patel

Institution
Chicago Cancer Center

TEMPUS | xT
648 gene panel

Tumor specimen:
Lung right upper lobe

Collected 3/3/2022
Received 3/16/2022
Tumor Percentage: 40%

Normal specimen
Blood

Collected 3/9/2022
Recelved 3/11/2022

Diagnosis .
Adenocarcinoma Lung 22024

\/ Iyr 1ad genetics
mlesk ®

GENOMIC VARIANTS

myRisk Genetic Result

Somatic - Potentially Actionable Varlant Allele Fraction

RECEIVING HEALTHCARE PROVIDER
2 2 Test HCP, MD
KRAS P-G12C Missense variant (exon 2) - GOF 23.8% = Test Medical C
123 Main St

Somatic - Biologically Relevant Testville, TX 55555

@ Ao pwass sopgon-1of

+ RBM10 PEBOS* Stop gain - LOF 25.5% w— =
- PR331fs Frameshift - LOF 15.7% =

GENETIC RESULT: NEGATIVE - IT MUTATION IDENTIFIED
Note: "CLINICALLY SIGNIFICANT," as defined in this report, is a genetic change that is associated with
the potential to alter medical intervention.

BREAST CANCER RISKSCORE™: REMAINING LIFETIME RISK 23.7% N
This lovel of risk is at or above 20% threshold for consideration of modified medical \%)
€13139-1G>T Splice region variant - LOF 10.7% = See riskScore™ Interpretation Section for more information. —
pTS02fs Frameshift- LOF 80% = CLINICAL HISTORY ANALYSIS: NO MODIFIED GUIDELINES
BASED ON THE CLINICAL HISTORY PROVIDED
Other diinical factors may i be incomplele if details

Germline - Pathogenic / Likely Pathogenic about cancer diagnoses, ages, family relationships or oot aciors were o o ambiguous.

LIFE SE1ENCES

AN
CARIS

Final Report
LFE serenets
Patient Specimen Information Ordered By
Name: Primary Tumor Site: Lower lobe, lung
Date of Birth: Specimen Site: Mediastinal lymph node

Sex: Female Specimen ID:
Case Number: TN23- Specimen Collected:
Diagnosis: Carcinoma, metastatic, NOS  Test Report Date:

Na germine pathogenic variants were found in the limited set of genes on which we report

ADDITIONAL FINDINGS: NO VARIANT(S) OF UNCERTAIN SIGNIFICANCE (VUS) IDENTIFIED
Whmmmmwmhm umhmwwu variants), and most variants do not increase an

Pertinent Negatives or other dise: d, vatants Likely benigr (
No pathogenic single nucleotide variants, indels, or copy number changes found in L ent a9 c sign a be
y history and any ly
In certain
cases, mnmmmmmhmummlmmbmw ity i id i sification. When new
evidence about

avariant i
e ekt i tno maohcars oo oot on et roport

ADDITIONAL INFORMATION
GENES ANALYZED Testing: R is our for
Unless otherwise noted sequencing and large ‘cancer. =
rearrangement analyses were performed on the
Tollowing genes Risks and Clinical

Tool™
APC, ATM, BARD1, BMPR1A, BRCA1, BRCA2,
BRIP1, CDH1, CDK4, CDKN2A, CHEK?2, EPCAM plan for this patie ults and
(lar only), MLH1, MSH2, MSHS, ‘apphcable.
MUTYH, NBN, PALB2, PMS2, PTEN, RADS1C, Ppaients tost result.
RADSD, SWADS, STK 1, TPS3. Sewencng\vn he
pemmad select regions of : . g crbes the analysis, mefhod,
select rewu of GREM1 (see technical . somatic
specifications). in origin, which may sigr y

tharefors, thase tesulls should be o faml

** Other genes not analyzed with ths test may also be  picyor" 7

Results with Therapy Associauoms

PDL1 (2203) Protein positve, ps:00%  [[IITI cemiplimab, pembrolizumab
PO1 (285) HC protein Positve | 1+,60% nivolumab/ipilimumab combination
PDLI(SP263)  HC  Protein Positive, TC: 1+, 60% atezolizumab (adjuvant)
o adagrasib, sotorasib
ks s ONATumor  Pathogenictariant
Exon | p edotinib, gefitinib
™ S DNATumor High, 14 mutMb pembrolizumab
sectini, certinb,crizti, lotints
e Protein Negate [0
e bigatiib
- maTumor | Fuson ot DeteeS et g ctit, iz,
B seq DNATumor  Mutation Not Detected f:g?;”y‘i;’:“f":‘;”"‘h Corbieter)
£crm sea DNATumor itarion Not Detected edotinb, geftinlo
Rer sea ANATumG" st selpercatinis
RoS1 sea ANATumor o, rizotini, entrectinib,loltinb

Ampliication Not

Naeq) DNATumor
7 Detected

MET arizotinib

LACK OF
BENEFIT

seq DNATumor  Mutation Not Detected

1-C O Level
Level 3 - Potental cincalsigniicance. Bokded beneft therapies, f presen, highlight the most clincally signficant findings.

Level 1
Level1
Level1

Level2

Level2

Level2
Level1

Level2

Level2

Level2

Level2

Level2

Level2

Level3

quidslines;
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Testing Testing

l Mutation
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Biomarker Testing in circulating cell-free DNA

<C @ | J [ s ) Event Cancer screening Localized cancer Metastatic cancer Refractory cancer

Treatment Early intervention  Risk of dissemination and Treatment selection and  Mechanism of resistance
strategy detection of recurrence monitoring response and new treatment

PG
e § §§5

Multiple DNA and deletion

abnormalities

RNA expression and ﬁg\ Translocation
fusion transcripts . M
‘ Circulating
“ cTC tumor DNA M
[cell number] [number of mutant

Protein expression and molecules] Point mutations
phosphorylation

Blood sample

oo Chromosomal abnormalities
I G c A h A DVOCACY In vitrolin vivo culture
INTERNATIONAL GYNECOLOGIC CANCER Nerwakk
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Biomarker Testing will help us Understand

Treatment Response and Failure

[
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We need Biomarkers in Gynecologic Oncology

* ER * HER2
* BRCA1/2 * PDIL1

* HRD * CCNEI1
* MSI * P53

* TMB * KRAS

* FOLRI1
* CLDNG

* NTRK
* B7H4
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