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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.
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Questions that can be answered by cancer biomarkers

Prognostic Diagnostic Predictive
develop cancer is it? eptimal
this cancer? ~ drug for my
cancer?
Pharmacodynamics Recurrence
< T
/ \\ //,// \
i \

/ What's the \\ ,/ Will the \\
optimal dose | cancer |
for my body?

return?
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Potential uses for biomarkers in
oncology

Biomarker
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DIAGNOSTIC T

» Identification of the presence/amount of a

USTS

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).

mRNA
exiracted
from cell

cDNA microarray

Experimental Cell

&

¥
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> Evaluation of mutations

DIAGNOSTIC T

USTS

and epigenetic changes: gene

sequencing (Sanger sequencing, Pyrosequencing, Next

Geeneration Sequencing), Beaming.

SANGER SEQUENCING

Evaluation of 200-300bp
amplicons

Result= presence/absence

Variants determined by the
operator

( ddCTP >
| ddATP ’

| ddGTP >
| ddTTP>

G

AL

120 130

GAT AAATCTGGTCTTATTTCC
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DIAGNOSTIC T

=
AN
—
@),

PYROSEQUENCING

Nucleotide sequence 0% 3% 0% 5% 4% 0% 0%
Evaluation of 100-200bp B & B B & = B
amplicons i N N N N

Variants determined by the T e ST OE S I BN SO N s N

&
- ESGTCTGTCAGTCGCTGATTCTGTTCGTATGTCAGTC
Opera‘tor Nucleotide added s 0 s " 2 o 2

Result= percentage g l\ | Aﬁ | k k o+ Ll l“l 1 1 M UL
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DIAGNOSTIC TESTS

NGS

Evaluation of the whole

5 - } Q2 i‘==
g_enome Or exome 0 Library preparation ' APA 7—_ DNA '
0 Clonal amplification = 4{ B e e — fragmentation
L —— \5{&{-‘, { === and in vitro
. v clic array uencin TR el S 2N
Selection of tumour-specific @ gapt fgation
genes emulsion PCR . bridge PCR
- =
) P "o #® ) » | l “l'“ ml
Result= percentage —C}{} & {;} -):(- !.\.?6‘.{\ o.'?fv ,..'."!"v
Va'rla'nt_s autpmatlcally Pyrosequencing Sequencing-by-ligation Sequencmg by-synthesis
determined in databases | =
e | EEH R cecee :
\ = I‘vﬁm ] 1 r
‘l 7..:: ) - O
a2 e G‘._T‘._A n‘ l’ .‘ .
454 sequencing SOLID platform Solexa technology
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Diagnosis

DIAGNOSTIC TESTS

BEAMing (performed on cell-free tumour DNA)

( Liquid biopsy )

Gastrointestinal

i ~ cancer
e Early detection of cancer{(diagnosis)
* Determine risk for metastatic relapse L Y
(Prognosis)| P

e |dentification of therapeutic targets |

e Stratification for{treatment decision |

* Real-time[monitoring of freatment |

* Detection of[resistance mechanisms

L e Early detection of metastatic relapse| 3

CPrecision medicine)
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Diagnosis

DIAGNOSTIC TESTS

BEAMmg (performed on cell-free tumour DNA)

- Released from necrotic and apoptotic
tumour cells into the bloodstream

- Short half-life after surgery

- Small DNA fragments (<120 bp)

- Low concentration (0.01% of total
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
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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 + + =
Research applicability +++ ++ +

Biomarker applicability - ++ @
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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

(mutant DNA/ total DNA)
100%T

Sanger Sequencing
10%T

Pyrosequencing
1%T Real-Time PCR

0.1%T

» 0.01%t BEAMing

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

Histopathology and
immunohistochemistry

Tumor diagnosis and
classification

: Molecular pathology:
bD.eLtlkon(of h mutational analysis
lomarker(s) panel sequencing
< Therapy
Progression :
a2 Early detection of
Tumor monitoring:

. _ secondary mutations,
analysis of CLONA analysis of ctDNA
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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
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¢TNM (CLINICAL)

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

pTNM (PATHOLOGICAL)

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

TNM STAGING
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Tumor grade: description of a tumor based on how
the tumor cells and the tumor tissue look

under a miCcroscope.

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)
: Well differentiated (low grade)
: Moderately differentiated (intermediate grade)
: Poorly differentiated (high grade)
: Undifferentiated (high grade)



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.
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Breast Cancer

HISTOLOGICAL CLASSIFICATION

Histological classification of breast cancers

Moderataly
\ Diferantiated )

Y
This ciassification s based on

1. Nuciear Pleomorphism

2. Glandular/Tubule Formation

3. Mitotic Rate (per 10 HPF)
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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
o2 N MO

Stage lIB T2 N1 MO
T3 NO MO

StageWA [ TO = N2 MO
e N2 MO
e N2 MO

T3 N1 MO
B N Mo
Stagelig T4~ NO MO
T4 N1 MO
e VO

StagellC ~ AnyT N3 MO
Stage IV Any T Any N M1
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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
03,5 ,,,,,,, S
0.2 forereeedersneaseionean
(R - derrannsafuenasfies prosnand
0 M A

0 4

i
Time : miri.
16 minutes; 65 °C Cone.
Oual itat ive
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Breast Cancer

Conventional method of pathological diagnosis OS N A m thOd
2 wal gene amplifical ¥
sthod (RT-PCR method)

Tissue
@7 Extraction reagent j
=

Diagnosis of lymph node metastasis: Qualitative analysis by pathologists

=y Homogenized buffer
Only analyze a part of tissue
New sample preparation method =~ =~ ...... Homogenization« + « « « +
However, from now on. . . J l ‘
. R 1‘5‘_— Gene of cancerous ( 1‘\“
Molecular pathological diagnosis by the OSNA method z‘r‘:?,g'nzlf’;f';fog gg;‘@au - @‘\ o '
inhibitory effects X P 4 Extraction and purification }
Interference substance :# of mRNA
of gene amplification / #4
\ ﬁ
- RT-PCR (gene amplification) J

%nalyze whole part of tissue .

. Direct gene amplification by ool

: : RT-LAMP (without RNA purification) h

v"’ @ @

30 minutes

Gene amplification analyzer
-t
“sysmex
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Breast Cancer

MOLECULAR CLASSIFICATION

1 ER quitive

1

Ki67

Luminal A

Breast cancer

ER/PR/HER2

Luminal B

Triple negative

l

EGFR CTK5/6

/N

EGFR Positive | EGFR Negative
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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

 Tiple egatvell HER2-+

ER-, PR—, HER2—

15-20% 10-15% 20% 40%

e = el

—

Chemotherapy
Triple negative tumours respond best to Luminal A tumours respond best to endocrine
chemotherapy, similar to other aggressive cancers. therapy, e.g. antiestrogen or aromatase inhibitor.
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MOLECULAR DIAGNOSTICS TESTS

MAMMAPRINT® 10% chance of recurrence
) within 10 years with no
Stage 1 and 2 Breast Cancer, node negative treatment

Tumor samples

70 significant breast cancer prognosis genes

low
z risk
=
&
& — Threshold
-
=K
=
i = | high
= * | risk
o —
—

29% chance of recurrence
within 10 years with no treatment
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MOLECULAR DIAGNOSTICS TESTS

ONCOTYPE DX®

Profiferats
G67
STK1S
Swrvnn
CONEI (ocin B1)
MYBL2

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

HER2
GRE7
HERZ

Estrogen
ER
PR
BCL2
SCUBE2

Reference
ACTH (B-acun)
GAPDH
RPLPO
Gus
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
HER2,
proliferation, and
Invasion scores,
and subtracts the
estrogen score in a
weighted fashion

Paik et al. NEJM, 2004
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MOLECULAR DIAGNOSTICS TESTS

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

intrinsic subtypes®*®
Patent ., ¢ ROR is calculated taking into account the PAMS5O0

< ‘27
expression .g‘} .@ . . o . :
e F & 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

Ei§§§'3§!§%Ei5§§§§Egg§EEEEE%gi!ﬁiiiﬁ%ﬁii%i!iiiééi

Researchers first describe Researchers first describe NanoString exclusively licenses Prosigna launches
breast cancer intrinsic subtypes “PAMS50" gene expression PAMS0 gene expression after receiving CE
based on microarray signature signature Mark for Europe &
expeniments Israel; FDA 510k
. ».U\«?‘b \(\\"‘b clearance in US
_\&v > \\g\i‘\\} R ‘\%e ”’.&&\ 6—\\(\'}} ‘\\\;S-\% R ‘\*w Qﬁ
Adapted from Nieisen T et a, 2013, and Gnant M et al, 2012. & ‘\0\6‘ o Q,,go ;3 S \?\\ ‘b,;» & o

,.A:‘I‘ £| ‘a i

=5 prosigna

PAMS0 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

ONCOLOGIA AA 201 9 - 2020 IeZione 1 5 125¢w¢¢: Moalecular portraits of breast cancer. Nature. 2000 May 25;. " *

Source: Supervised Risk Predictor of Breast Cancer Based on Intrinsic Subtypes, 1£0.2008




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

ONCOLOGIA AA 2019-2020 lezione 15




Colorectal Cancer

CLASSIFICATION

Prognosis-derived FMolacular natheey
expression profile R pathway
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TNM CLASSIFICATION  Colorectal Cancer

ANATOMIC STAGE/PROGNOSTIC GROUPS

Stage T N M | Dukes® | MAC*
0 Tis ND MO - -
| T NO M0 A A
- EE @
B W W | BB
e | T4a ND MO B B2
g Pl L
TR N W | €| a
moowm ow | € a
e B M M | € o
T2-T3 NIa MO C a2
mn o w | |a
I W w w | €l
B w | C o
Tdb NI-NZ MO C G
VA AT Ay W | = | -
VB AyT  AwN Mb | - | -

MOTE: cTHM is the dinical classification, pTHM is the
pathologic classification. The y prefix is used for those
cancers that are classified after neoadjuvant pretreatment
{for example, ypTHM). Patients who have a complete
pathalogic response are ypTONOCMO that may be similar to
Stage Group 0 or L. The r prefio: is to be used for those cancers
that have recurred after a disease-free interval (ITNM).

* Dukes B is a compasite of better (T3 MO MO) and warse

ONCOLOGIA AA 2019-2020 lezione 15 (T4 MO M0) prognastic groups, s is Dukes C (any THT MO and
Any T N2 MO). MAC is the modified Astler-Coller cdassification.




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.

N v
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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 Diagnosls Approx.
1day
/ /
o >
Amglification. With the OSNA methoed,
sarmiple lymph nodes are dissolved, and
rox.

cancer genes contained in the samples e ) é Disgnosis App
are amplified and detected to determine Tweek
cancer lymph node metastasis. This is a

one-step testing mathod.

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 = s . .
disparities among medical institutions. ;Gwem'om' pathological duagnosus)——’

- A
“sysmex
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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
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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 || sen | (NNIED)
MYBL2 | | INHBA VDAC2

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.
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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.




Colorectal Cancer

MOLECULAR DIAGNOSTICS TESTS

ONCOBEAM™ RAS CRC ASSAY

Tissue

Blood Samples

w S
| W
WT IP
Ii NG / A"“‘EGF> TIO T'1 T'2

RAS mutation therapy - |
status Monitoring for J

/ . ® emerging RAS
o i A mutations
' MUT “ ’6/

-
| Chemotherapy
(e.g. FOLFIRI) MUT

Blood

Example: Blood-based RAS testing for colorectal cancer




Clinico-Pathological Staging (TNM, Dukes....)
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Hybridization to
High-Density Arrays

Tumor with

Favorable Multiple Genes S
rognosis — Sem
Prognosis 4 25 %
I e = £
£ 9 %
S > &
| - T (o
e

RNA Extraction

522
and Labeling =5 @
and Labeling . fg&

/—> S5E
£EE &~
-
J B2
~
Clustering Analysis

Tumor with

Unfavorable

b} el

Prognosis CLUSTER OF MOLECULAR

MARKERS PREDICTIVE OF
CLINICAL OUTCOME
a Whole-genome analysis b Generate signature of genes that C Apply to independent

correlate with clinical parameter validation cohorts

-i
=

d Evaluate clinical performance

Survival probability (%)

e Requlatory approval f Clinical implementation
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Acute Myeloid Lung Cancer | Melanomas Primary Colon Head and | Breast Chronic Myelogenous
Leukemia Myelofibrosis Cancer Neck Cinces Hetkeria 0

:

FLT3, NPM1,
EBPA,

Targeted Drug
Therapy

Erlqt?nib & Nemurafenib Cethimab &
Gefitinib Panitumumab

ERBB2 BCRABL

|

Trastuzumab & Imatinib &
Lapatinib Dasatinib
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