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v Definition of Biomarkers in oncology



A cancer biomarker refers to a substance or
process that is indicative of the presence of
cancer in the body.

A biomarker may be a molecule secreted by a
tumor or a specific response of the body to
the presence of cancer.
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Biomarkers allow physicians to classify patients
by their probable disease risk, prognosis and/or
response to treatment

987 2014
Insights into biomarkers

analysis have resulted

understand the diversity
of lung cancer better
than ever before
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Risk Screening/

ey Detection Diagnosis Prognosis Prediction Monitoring

Identify factors Indicate the Definitive Assess disease Predict efficacy Monitor disease
Lo assess presence of diagnosis and aggressiveneass & ar responsea recurrence &
disease disease; early general typing likelihood of to different therapeutic
susceptibility detection recurrence treatments response

s BRCA T &2 * \idessa® Breast * |mmuno- * OncotypeDx® * HER2 = CA27.29
* Brevagen histochemistry * Mammaprint® = ER/PR * CEA
* Sphingotest * Prosigna



v' Cancer is a genetic disease since it is due to
alterations in patients’ DNA.

v' Deciphering the genetic changes is
necessary to understand the disease.

v Unraveling the genetic bases of cancer
allows us to design the best treatment
protocols for each single patient.




v' Diagnostic Tests



DIAGNOSTIC T

USTS

» Identification of the presence/amount of a

specific protein. It can be

performed on blood samples (es. CEA, CA-125) and on tumour tissue

(es. ER, HER2/Neu).

» BEvaluation of the expression of a set of genes (microarray technology):

diagnostic tests development, better classification, identification of
new therapeutic targets, setting up of personalised treatments).

Control Cell

Microarray
preparation

Experimental Cell

mRNA
extracted
from cell

\ 4

Reverse transcription,
fluorescently labeled
with Cy3 (Green)
and Cy5 {Red)

P

\

c¢DNA microarray

Combine equal amount and
= hybridize onto microarray

| —



DIAGNOSTIC TESTS

» Evaluation of mutations and epigenetic changes: gene
sequencing (Sanger sequencing, Pyrosequencing, Next
Generation Sequencing), Beaming.

| ddCTP

Evaluation of 200-300bp | ddATP ’ ‘ A
amplicons

q |
| ddGTP > ﬂ \/
Result= presence/absence “ N\
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Variants determined by the

operator G k
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GAT AAATCTGGTCTTATTTCC




DIAGNOSTIC TESTS

PYROSEQUENCING

Nucleotide sequence 0% 3% 0% 5% 4% 0% 0%

Evaluation of 100- 200bp G C =~ A GG CC L
amplicons
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DIAGNOSTIC TESTS

NGS

Evaluation of the whole

genome or exome €) Library preparation ' }3'\'% ——— Y
Q Clonal amplification ,&¢{ - (( A fragmentation
. . o Cyclic array sequencing \\:l‘ ¢ F e |n. v ot
Selection of tumour-specific @ —t gPurloaton
genes emulsion PCR - bridge PCR
Result ¢ .-_g*’_{’ﬁ%éo | | Iy
esult= percentage i -):(. I A "[\ al |
P g o {:} {:} ln nY¥ @l ln'f‘ Jllﬂv

Variants automatically

Sequencing-by-ligation

Sequencmg by-synthesis

determined in databases
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454 sequencing

SOLID platform Solexa technology




Diagnosis

DIAGNOSTIC TESTS

BEAMing (performed on cell-free tumour DNA)

( Liquid biopsy )

Gastrointestinal
cancer

~
(0 Early detection of cancer{(diagnosis)

* Determine risk for metastatic relapse

(Prognosis)|

e Identification of therapeutic targets |

e Stratification for{treatment decision |

* Real-time[monitoring of treatment |

* Detection of[resistance mechanisms
L e Early detection of metastatic relapse| 3

CPrecision medicine)

Nature Reviews | Gastroenterology & Hepatology




Diagnosis

DIAGNOSTIC TESTS
BEAMing (performed on cell-free tumour DNA)
| - Released from necrotic and apoptotic
@ f# tumour cells into the bloodstream
J - Short half-life after surgery
i - Small DNA fragments (<120 bp)
S Circulating ™\ ‘ - Low concentration (0.01% of total
fumaine circulating DNA)
- More frequent in metastatic patients

Localized (Stages | to Ill) vs Metastatic (Stage IV) Disease

Circulating
tumor cell

Circulatinﬁ

normal DNA

Frequency of cases with detectable ctONA (%)

Bloodstream

Colorectal Gastroesophageal Pancreas Breast

Bl Lccaized Disease WM Metastatic Disease
Detectable levels of ctDNA present in 49-78% of patients with localized tumors

Delectable levels of CtDNA present in 86-100% of patients with metastatic tumors
Bettegowda et al, Sci Tran Med Feb 2014




Diagnosis

DIAGNOSTIC TESTS

BEAMing (performed on cell-free tumour DNA)

Epithelial-Mesenchymal
Transition

Blood vessel

Needle Bying el Circulating Cell free
biopsy tumour cell DNA
Biopsy cTC cfDNA
Invasive + = @
All patients eligible - + @
Instrumentation required + + -
WGA required = + =
RNA profiling + T =
Research applicability +++ ++ +
Biomarker applicability - ++ @




Diagnosis

DIAGNOSTIC TESTS

BEAMing (performed on cell-free tumour DNA)

Emulsion PCR Hybridization

Amplification of the Gene amplification within a droplet emulsion Forming of a Detecting

target DNA area containing one DNA molecule and magnetic complementary conjugate  mutations of the
bead by PCR. with fluorescent probe of a  cancer gene by

gene and a magnetic bead. FCM.

s Primer coat
DNA extraction Magnetic bead
@ Amplified DNA _ * !
".3 Droplet
. . -*‘ emulsion™ - ‘ :

Tumor DNA  Deoxy nucleotide * \
Wild-type DNA tri-phosphate

(dNTP) polymerase ‘
primer

| ?

}

-\ 7
N
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Diagnosis

DIAGNOSTIC TESTS

BEAMing (performed on cell-free tumour DNA)

= Detection Capability 1

(mutant DNA/ total DNA)
100%T

Sanger Sequencing
10%T

Pyrosequencing
1%T Real-Time PCR

0.1%T

» 0.01%t BEAMing




v Definition of Cancer Classification and Staging



DISEASE CLASSIFICATION is central to understand the
bases of the diseases, make diagnosis and assign
treatment.

Tumor diagnosis and
classification

Histopathology and
immunohistochemistry

: Molecular pathology:
Qetectuon of mutational analysis

biomarker(s) panel sequencing

< Therapy
Progression )
- s Early detection of

: secondary mutations,
afatysis e CLoNa analysis of ctDNA




Cancer nomenclature is based on:
1. Localization (breast cancer, lung
cancer.....)

1. Within each organ-specific major type
several subgroups are defined, taking
into account cell type, histological grades
and MOLECULAR MARKERS




v' Histological Classification



: Neoplasia
* .| Oma - Tumour
-' Neoplasms Nomenclature : S —

Cell of Origin Benign Malignant
e Gland. Epithelium+ Adenoma - |Adencarcinoma
* Lining. Epithelium+ Papilloma - Squamous cell ca.
» Fibroblast « Fibroma - Fibrosarcoma
* Osteoblast « Osteoma - Osteosarcoma
 Chondrocyte « Chondroma Chondrosarcoma
* Lipocyte « Lipoma Liposarcoma

Leiomyoma Leiomyosarcoma
Rhabdomyoma Rhabdomyosarcoma

« Smooth muscle
» Skeletal muscle




4 Nomenclature: exceptions

« Teratoma — Tumour of Germ cell — multiple tissues. Benign
(mature) or malignant (immature)

« Melanoma (Melano-carcinoma) — Malignancy of
melanocytes.

« Seminoma (Seminal carcinoma) —carcinoma of Testes.

« Leukemia — white blood — Ca. of Haemopoietic stem cells.

« Lymphoma (Lymphosarcoma)- Malignancy of lymphocytes.
« Mixed Tumours: Both epithelial & connective tissue

components. Pleomorphic adenoma (Salivary gland) &
Carcinosarcoma (breast/uterus)

What is a Granuloma, Hamartoma & Choristoma?




v" TNM Classification



Gauicc

TNM

/“ X S {'
Classification ol
Malignant Tumours

SEVENTH EDITION

1. To aid the clinician in the planning ofjtreatment

2. To give some indication of prognosis

3. To assist in evaluation of the results of treatment

4. To facilitate the exchange of information between
treatment centres

5. To contribute to the continuing |investigation of
human cancer

6. To support cancer control activities




The General Rules of the TNM System

The TNM system for describing the anatomical extent of
disease is based on the assessment of three components:

T- The extent of the primary tumour

N — The absence or presence and extent of regional
lymph node metastasis

M - The absence or presence of distant metastasis

The addition of numbers to these three components
indicates the extent of the malignant disease, thus:

10, T1, T2, T3, T4 NO, N1, N2, N3 MO, M1



¢TNM (CLINICAL)

ssential to select and evaluate therapeutic options
Defined before treatment
Based on evidences aquired by clinical examination, imaging, endoscopy, biopsy....

S

pTNM (PATHOLOGICAL)

Assessed after surgery
Essential to guide adjuvant therapy
Provides data useful for prognosis estimation

TNM STAGING




Tumor grade: description of a tumor based on how
abnormal the tumor cells and the tumor tissue look
under a microscope.

It is an indicator of how quickly a tumor is likely to
grow and spread.

If a grading system for a tumor type is not specified,
the following system is generally used:

GX: Grade cannot be assessed (undetermined grade)
(:1: Well differentiated (low grade)

(52: Moderately differentiated (intermediate grade)
(53: Poorly differentiated (high grade)

(G4: Undifferentiated (high grade)



Grading

Example: breast cancer




colorectal cancer

Example




v' Molecular Classification



Molecular Classification

BIOMOLECULAR STAGING

» Identification of tumour markers involved in
different processes that lead to tumour progression.

» Better patients’ stratification into TNM staging-
defined risk groups.

» Potentially  applicable to: primary  tumour,
lymphnodes, bone marrow, serum.

» Useful for: early diagnosis, prognosis estimation,
occulte metastases identification, predictive markers
for chemotherapy resistence or response.

» Panels of biomarkers depending on the tumour type.



Breast Cancer




Breast Cancer

HISTOLOGICAL CLASSIFICATION

Histological classification of breast cancers

Moderataly
\ Diferantiated )

Y
This ciassification s based on

1. Nudiear Pleomorphism
2. Glandular/Tubule Formation
3. Mitotic Rate (per 10 HPF)



TNM CLASSIFICATION

Stage 0 Tis NO MO
Stage IA T1* NO MO
Stage8 | 1O Nimi Mo
T1* MN1mi MO

StagellA | TO = N1™ MO
T1* N1** MO
2. No MO

Stage lIB T2 N1 MO
T3 NO MO

StageWA [ TO = N2 MO
Lo N2 MO

e N2 MO

T3 N1 MO
B N Mo
Stagellg T4 NO MO
T4 N1 MO
e VO

StagellC ~ AnyT N3 MO
Stage IV Any T Any N M1




Breast Cancer

The One-Step Nucleic acid
Amplification (OSNA) assay 1s a
molecular procedure that can identify
deposits of breast cancer cells in the
sentinel lymph node.

Homogenisation Centrifugation Amplification Real-time Detection

0.6 qrerremmmpensasamgeaannas prosnery
PO I SV
1T S S S S
PP U SRR S & S
(R - derrannsafuenasfies prosnand

0 M A

0 4
i i
Time : miri.
16 minutes; 65 °C Cone.

Dual itat ive




Breast Cancer

OSNA method

Conventional method of pathological diagnosis

ntional gene amplifical :'
ethod (RT-PCR method) -

Tissue

Diagnosis of lymph node metastasis: Qualitative analysis by pathologists

- Homogenized buffer
Only analyze a part of tissue
New sample preparation method =~ =~ ...... Homogenization« + « « « +
However, from now on. . . J l ‘
LS‘_ Gene of cancerous \ 1‘\“
. s = -Stabilization of mMRNA @ cells (MRNA) \
Molecular pathological diagnosis by the OSNA method \Praveriion of arplincailan: . S
inhibitory effects X P Extraction and purification
Interference substance :# % of mRNA
of gene amplification / »
B
- RT-PCR (gene amplification) J

%nalyze whole part of tissue .

. Direct gene amplification by ool

: : RT-LAMP (without RNA purification) h

| @ @

30 minutes

Gene amplification analyzer

L =
¥ sysmex



Breast Cancer

MOLECULAR CLASSIFICATION

1 ER Positive

I

Ki67

Luminal A

Luminal B

Breast cancer

ER/PR/HER2

Triple negatwe

EGFR CTKS/6

£\

EGFR Positive

EGFR Negative

R



Breast Cancer

MOLECULAR CLASSIFICATION

Molecular
subtypes

% of breast
cancers

Receptor
expression

Histologic
grade

Level of cell differentiation

Prognosis
Correlates to histologic grade

Response to
medical therapy

l Trinl
BLELELE

ER-, PR-, HER2~

15-20% 10-15%

e
;

Chemotherapy

Triple negative tumours respond best to
chemotherapy, similar to other aggressive cancers.

HER2+ Luminal Bl  Luminal A"

20% 40%

Luminal A tumours respond best to endocrine
therapy, e.g. antiestrogen or aromatase inhibitor.

R



MOLECULAR DIAGNOSTICS TESTS

MAMMAPRINT®

Stage 1 and 2 Breast Cancer, node negative

Tumor samples

H)

28

0

70 significant breast cancer prognosis genes

|

+ — 21IUM Soasejsejaly

low
risk

— Thresheld

high
risk

10% chance of recurrence
within 10 years with no
treatment

29% chance of recurrence Q
within 10 years with no treatment




MOLECULAR DIAGNOSTICS TESTS

ONCOTYPE DX®

Profiferats
K67
STK1S
Swrvnn
CONEI lociin BY)
MYBL2

Invasion
MMP1] (stromolysin 3)
CTSLY (cathepsin L2)

HER2
GRE7
HERZ

Estrogen
ER
PGR
BCL2
SCUBE2

Reference
ACTH (Bactin)
GAPDH
RPLPO
GuUs
TFRC

Reported as a Recurrence Score (RS)
RS < 18 = low risk
18 < RS < 31 = intermediate risk
RS 2 31 = high risk

Stage 1 and 2 Breast Cancer, node negative, ER+; expression of 21 genes
(16 genes known to be related with breast cancer and 5 reference genes)

* Quantifies the

standard
pathologic
characterization

Complex algorithm
that adds the
HER?2,
proliferation, and
Invasion scores,
and subtracts the
estrogen score in a
weighted fashion

Paik et al. NEJM, 2004

J



MOLECULAR DIAGNOSTICS TESTS

PROSIGNA®

<
. PN
expression &
profile §

~

R

g
:
=
B
.
2
g
8

The end result is the Risk of Recurrence (ROR, O-
100) estimating the risk of relapse within 10 years.

ROR is calculated taking into account the PAMS50
gene signature, intrinsic subtype, tumour size,
nodal status, and proliferation score.

Development of Prosigna™ is Based on PAM50 Gene Signature

2000 2009 2010 2012/13

Researchers first describe Researchers first describe NanoString exclusively licenses Prosigna launches
breast cancer intrinsic subtypes “PAMS50" gene expression PAMS50 gene expression after receiving CE
based on microarray signature signature Mark for Europe &
expeniments Israel; FDA 510k
"y 2 clearance in US
g SR
o\&(& 0\6\1} & e‘°'°\‘\ X SN

USRS o
| rosigna

PAMSO developed by a consortium of four academic breast cancer experts
e Charles Perou, PhD, University of North Carolina

o Dr. Matt Ellis, Washington University School of Medicine

e Torsten Nielsen, MD, PhD, Pathologist, BC Cancer Agency

. Philip Bernard, MD, University of Utah / Huntsman Cancer Institute Q

12

Source: Molecular portraits of breast cancer. Nature. 2000 May 25; Q *
Source: Supervised Risk Predictor of Breast Cancer Based on Intrinsic Subtypes, 1£0.2008



Colorectal Cancer



Colorectal Cancer

HISTOLOGICAL CLASSIFICATION

 Adenocarcinoma (85%)

e Mucinous adenocarcinoma (10%)
* Signet-ring cell carcinoma

* Medullary carcinoma

* Undifferentiated carcinoma

e Small cell carcinoma
 Adenosquamous carcinoma

 Squamous carcinoma




Colorectal Cancer

CLASSIFICATION




TNM CLASSIFICATION

ANATOMIC STAGE/PROGNOSTIC GROUPS

Stage T N M | Dukes® | MAC*
0 Tis NO MO - -
| T NO MO A A
- eER [
B W W | BB
IE | T4a NO MO B B2
3 KR L
i TR N W | €l
mowm om | Cla
e M N M| € o
T2-T3  Nza M0 C anQ
mm o w | |a
I W om | € o
Bk o w | C o
Tdb NI-NZ2 MO C G
W Ayl AyN W | = | -
B AT AwN Mb | - | -

NOTE: cTHM is the dinical classification, pTNM is the
pathologic classification. The y prefix is used for those
cancers that are classified after neoadjuvant pretreatment
{for example, ypTNM). Patients who have a complete
pathologic response are ypTONOCMO that may be similar to
Stage Group 0 or |, The r prefo: is to be wsed for those cancers
that have recurred after a disease-free interval (rTNM).

* Dukes B is a compaosite of better (T3 NO MO) and warse

(T4 NO M) prognostic groups, as is Dukes C {any TH1 M0 and
Any T W2 MO). MAC is the modified Astier-Coller dlassification.

Colorectal Cancer




Colorectal Cancer

Up to 30% of all patients classified in stage II suffer from local
recurrence or distant metastases within 5 years of undergoing
surgery, leading to significantly poorer survival rates.

These patients are classified in a lower lymph node status
(false-negative rates up to 24%), which impacts on the
decisions made concerning their further therapy options.

OSNA® allows the investigation of the entire lymph node and
its results are comparable with ultra-staging (IHC). Studies
have shown that a lymph node analysis of pNO patients with
OSNA® vyielded an upstaging rate of approximately 26%,
compared with the standard histological test method. These
patients' therapies could thus be adjusted accordingly.

-
'SVSITIQX




Colorectal Cancer

Parts of lymph nodes are .
surgically sampled. Testing with the OSNA method
¢ Measurernent by a proprictary instrument and reagent are ssed to amplily the cancer cell genes for measurerment
One-step amplification
detection of the target gene

Lymph node

Selubilization and judgment of the results
OSNA stands for One-step Nucleic Acid

) % 9 Diagnosis PPYOX.
1day
/ :
— : ./
Amglification. With the OSNA methoed,
sarmiple lymph nodes are dissolved, and
rox.
cancer ganes contained in the samples ) e Diagnosis App
are amplified and detected to determine Tweek
cancer lymph node metastasis. This is a

one-step testing method.

Preparation of samples Confirmation using
[Features) a microscope
« Results are rapldly obtained. Confirmation of the presence of cancer cells by a pathologist using a microscope

«» Automated diagnosis eliminates accuracy - . . .
disparities among medical institutions. ;Q:onventuonal pathological duagnosus)——’

- A
“sysmex




Colorectal Cancer

MOLECULAR CLASSIFICATION

* k-ras mutations

P53 mutations

* LOH 17p (p53)

* LOH 18q (dcc)

* Microsatellite instability (MMR)
* DNA methylation

* Altered expression of TGFb

* Apc mutation/loss




Colorectal Cancer

MOLECULAR DIAGNOSTICS TESTS

ONCOTYPE DX COLON®

Stage 2 Colon Cancer; expression of 12 genes
(7 genes known to be related with colon cancer and 5 reference genes)

The Oncotype DX Colon Cancer Assay 12-gene panel

67 [[ FP aTpsE ] PoKi ] GPKI

C-MYC BGN GADD458

MYBL2 | | INHBA

7 cancer genes 5 reference genes
Consistently associated with Normalize the expression of
outcomes in colon cancer cancer-related genes

.

The end result of the testing is a Recurrence Score (0-100)
indicating the risk of recurrence in the three years after surgery.

The test has been validated but it’s not currently included in
standard clinical practice.




Colorectal Cancer

MOLECULAR DIAGNOSTICS TESTS

ONCOBEAM™ RAS CRC ASSAY

Stage 4 Colon Cancer; evaluation of K- and N-FAS mutations in specific
codons

., r Codon 12 Codon 12
- Exon 2 -I: - , <4 Exon 2 -I:
L Codon 13 Codon 13
%) Codon 59 (<,E) ~ Codon 59
<{ H Exon3 o T Exon3 -+,
Y = — Codon 61
LU
- Exon4A —Codon 117 —Codon 117
- Exon4 -

L Exon 4B —Codon 146 _

The end result of the testing is the mutational status of K- and V-
FRAS in plasma (ctDNA).

The test has been validated but it’s not included in standard
clinical practice yet.




v' Treatment



Treatment

Tissue

Blood Samples

] BT
\ RAS mutatlon ?hleraPy oL L

status Monitoring for
/ L emerging RAS
g 2 I
Chemotherapy

mutations
(e.g. FOLFIRI)

|

Blood

Example: Blood-based RAS testing for colorectal cancer
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\

L E R E R R N

Alterations in

PIK3CA, MAP2K1

RAS,: |--»| BRAF, ERBB2, MET, {

smmmes » [ MSI-H e

ym - » | BRAFV600E |- ===

|

bece- > | ERBB2o™ |.---

L. > Fusi_o‘n L
positive

Co-occurrence of
>1 targetable alteration

Treatment

Improved initial
response rates to
anti-EGFR antibodies

Targeted combination
therapies with or
without anti-EGFR
antibodies

Targeted therapies
available to additional
patients

Novel options for
second-line therapy




Treatment

Targeted therapy

/" HER2-targeted in

Breast cancer

breast cancer = HER2
Trastuzumab PR
Pertuzumab ER
Lapatinib (+EGFR) BRCA1 >

a
EGFR-targeted in non- 4 Non-small-cell

small-cell lung cancer lung cancer
Gefitinib BRCA1
Erlotinib P53
4 KRAS /

ALK-targeted in non- 3 Colorectal cancer

small-cell lung cancer CEA
Ceritinib EGFR1
Crizotinib (+MET) KRAS

J LOH at 18q 4

EGFR-targeted in Prostate cancer

colorectal cancer BRCA?2
Cetuximab CTC
Panitumumab PSCA

> 4




Example
molecular

Matched

molecular
therapy

aberrations |
t*@ =P P|3K inhibitor

PIK3CA
mutation

expression

FGFR
inhibitor

anti-PD-L1
inhibitor

Treatment



v" Conclusions



Potential uses for biomarkers in

oncology
Scroen for disease

Biomarker
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