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Mopiakn Aiayvwon
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* H popiakn dIayVWAOTIKN €ival Evag OXETIKA VEOC KAADOC
TNG OUYXPOVNG IATPIKAC TTOU OTOXEUEI OTNV AC@AARN KAl
ypnvopn diayvwaon d1apopwy TTabnoewy,
OUMTTEPIAAUBAVOUEVOU TOU KOPKIVOU TWV CUMTIAYWYV
OpPYAvVWYV (CAPKWHATA, KAPKIVWUATA, VEOTTAGOMATA
KEVTPIKOU VEUPIKOU CUOTIMATOG).

« Baoiletal oTnv avaAAuon YEVETIKOU UAIKOU ry/Kal
TMTPWTEIVWYV aATTO KUTTAPA /KAl I0TOUC a00evWwyV PE
VEOTTAQOUATIKI VOOO



' POAOG Kal CNUAVTIKOTNTO

XPNOIYOTTIOIET TTOAU MIKPR TTOOOTNTA UAIKOU YIa va BE0¢€l aoiyoupn Kal
ac@aAin AiIdyvwon

[Mpoodlopilel 0€ APKETEC TTEPITITWOEIC TA AITIO TWV VEOTTAACIWY (TT.X.
O€ QVTIMETAOETEIG, aTTWAEIa ETEPOCUYWTIOC K.A.TT.)

Aivel anUAvTIKES TTANPOPOPIEC YIA TN PUCIKR TTOPEIa KAl TNV €CEAIEN
NG vOoou

O1 TTANpo@opieC £xouv AUEDN KAIVIKA EQAPUOYI a@ouU UTTopOouV va
XpNnoigotroinBouv 1600 Yia TN OgpaTreia 000 Kal yia TNV agloAdynon 1ng
AVTATTOKPIONG O€ OEPATTEUTIKA OXMATA



Molecular Pathology

A Universal Discipline of Laboratory Medicine
Molecular

Pathology
SOLID
=

GENETIC
DISEASE
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* H @aIvOTUTTIKN TTOIKINOPOP@Ia EVOC OYKOU OUVOOEUETAI
QTTO AVTIOTOIXN TTOIKIAIO OTO TTPOYIA TNG YOVIOIAKNG
EKppaonc = avixveuon pe neBodouc MA

N

« TauTtoTtroinon Tou yovIdIaKoU TTPO@IA EVOC OYKOU QTTOTEAEI
TN Baon yia cwaoTr d1ayvwaon Kal Tagivounon



e INNYOPIOMOG TTPOCEYYIONG

[TATPQ
A0BeVAG TTOU TTACXEI ATTO VEOTTAQCUATIKI) VOOO

Xelpoupyeio / Bloyia

Moplakn eTTECEPYATia I0TOU

KaBopiouog poplakou TTPo@iA Tou OyKou

% [1poyvwon
AKPIBAG d1ayvwaon > Efatopikeupévn/oToxeupévn Tx
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« EToTnuoviko utroabpo

* MeBodoAoyia kal TEXVOAOYIK UTTOOOMN

» YTTaKor 0Tou¢ KavVOVEC BIoNBIKNC




EmrioTnpoviko YroRadpo

KaBopiouog Tou yovidiakou
TPOPIA Twv 20

To TTap&dEIyua TOU KOPKiVOU TOU HaoToU




KaBopiouog Tou yovidIaKoU TTPO@IA TwWV
20: 10 TTAPAOEIYMA TOU KAPKIVOU TOU HOOTOU
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Multiplexed Molecular Dx MammaPrint®: Px
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FDA approved December 12, 2007

DNA micro array-based in vitro
diagnostic laboratory service that
measures the activity of 70 genes

The assay are focuses primarily on
proliferation with additional genes
associated with invasion, metastasis,
stromal integrity and angiogenesis

Expert Rev Mol Diagn. 2009;

Cancer Genomics Proteomics. 2007

(Agendia BV, The Netherlands)
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MammaPrint® is currently available
for breast cancer patients who are:

<61 years old

stage | or |l disease

with a tumor size <5 cm

lymph node negative

without any limitation in treatment.

Eligibility will be broadened in the near
future.

FFPET applications (from June 2007)

MammaPrint®

nvasive Breast
Cancer Patients,
<61 years old
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INIVERSITY OF PATRAS

Treatment tailoring by profiling
Premenopausal, lymph node-negative

N

GENE EXPRESSION PROFILING

" 60% 0%

Poor Signature Good Signature
~ 56 % metastases at 10 yrs ~ 13 % metastases at 10 yrs
~ 50 % death at 10 yrs ~ 4 % death at 10 yrs
Adjuvant chemo - and hormonal No adjuvant therapy or hormonal

therapy therapy only



wwane - Mammaprint vs Oncotype Dx

« Oncotype DX™ is a 21-gene RT-PCR assay; Genomic Health)

« The Oncotype DX Breast Recurrence Score Test for people
diagnosed with early-stage, ER+, HER2-negative invasive
breast cancer

« The Oncotype DX Breast DCIS Score Test for people diagnosed
with DCIS (ductal carcinoma in situ)

 The Oncotype DX Breast Recurrence Score Test analyzes the
activity of a group of genes that can affect how an early-stage
breast cancer is likely to behave and respond to treatment



Oncotype DX

* the likelihood that the breast cancer will return

« possible benefit from chemotherapy to treat early-stage
Invasive breast cancer

« The Oncotype DX Breast Recurrence Score Test is
used in two ways:

1.to help doctors figure out a person’s risk of early-stage, estrogen-
receptor-positive breast cancer coming back in a part of the body
away from the breast (distant recurrence)

2.to help figure out if a person will benefit from chemotherapy



Proliferation HER2 Estrogen
Ki-67 GRB7 ER
STK15 HER2 PGR
Survivin BCL2
CCBB1 (cyclin B1) SCUBEZ?2
MYBL2 GTSM1
Reference
) CD68 ACTB (B-actin)
Invasion ' GAPDH
MMP11 (stromolysin 3) RPLPO
CTSL2 (cathepsin L2) BAG1 GUS
TFRC

The Oncotype DX® test is the only predictive marker, and it provides
precise chemotherapy benefit estimates’

Recurrence Score® result

Age >50 years No CT Benefit No CT Benefit No CT Benefit No CT Benefit
Nn=6,665 (69%) n=1190 (12%) n=1,572 (16%) n=1,789 (18%) n=1134 (12%)

Age <50 years No CT Benefit No CT Benefit ~1.6%CT Benefit ~6.5%CT Benefit
n=3,054 (31%) n=429 (4%) n=801 (8%) n=923 (9%) n=492 (5%)
s 7% of all patients 3% of all patients
LOW CIINCR Fisk: No CT benefit -6.4% CT benefit
2% of all patients 2% of all patients
Based on an exploratory analysis High clinical risk® ~6.5% CT benefit ~8.7% CT benefit

of TAILORx study.



The Oncotype DX is a test that may predict how likely it is that your breast cancer will
return.

It also predicts whether you will benefit from having chemotherapy in addition to hormone
therapy.

The test results can help you and your doctors make a treatment plan that’s right for you.

This test can be done on early-stage breast cancers (stage 1 or 2) that:
Have receptors for estrogen (estrogen-receptor positive)
« Don’t have large amounts of the human epidermal growth factor protein (HER2
negative)



Next Generation Sequencing (NGS)

* Modern high-throughput DNA sequencing technologies
- parallel, rapid
* Decreasing price, time, workflow complexity, error rate

* Increasing data quantity and quality, read lenght (data
storage capacity), repertoire of bioinformatics tools

* Wide range of applications

* Third Generation Sequencing (single molecule, real time, in
situ...)




Next Generation Sequencing (NGS)

- Starting material:
- DNA (DNA-seq)
- RNA (RNA-seq)

- DNA fragments bound to
selected protein - to analyse the
sequences of DNA-binding sites of
protein of interest or localisation of e Ve 8
histone modifications (ChIP-seq) o S

1
D@%D@’(

B. ChIP: Enriched DNA binding sites*




Next Generation Sequencing (NGS)
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AvadiaTaEeiq nouy avaAuovrai:

ATF1-EWSR1, CHIC2- -ETV6, COL1A1-
ABL2, ETV6-ACSL6, ETV6

' ETV6-JAK2,
“ARNT, ETV6-BAZ2A, ETV6-CDX2, ETV6-FLT3, ETV6-GOT1, ETV6-ITPR2, g

FRB, E
ETV6-LYN, ETV6-MDS2, ETV6-MECOM, ETVE6- -MN1, ETV6-NTRK3, ETV6-PDGFRA, ETV6-PDG

: B1, EWSR1-DDIT3,
ETV6-PRDM16, ETV6-RUNX1, ETV6-RUNX1_AML1, ETV6-SY K, EWSRImATE1, EWSRIGRE
%&MQRG EWSR1-ETV1, EWV4 EMEV
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NGS machnies

Oh, my God!
What should I do now?

Massive amount
of sequence data
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care
Precision
Medicine
Biological
tumor Goals

characteristics

Biological tumor characteristics

BRAF RAS HER2+ MSI

Folfoxiri+ Lapatinib+

Bevacizumab WT MUT TrREuEmES Pembrolizumab

AntiEGFR mAb/
AntiVEGF mAb-+/-

CT

AntiVEGF mAb+
CT



Minimal residual disease Prognosis

Early diagnosis
&

N\
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Circulating

Cell free DNA




Liquid Bx

-~ Blood vessel

Figure originally published in Clin Cancer Res; Published OnlineFirst May 10, 2018.



Isolation and analysis

DNA release:
Apoptosis/necrosis

3

Q Selection of therapy
J Prognostic
W Detection of resistances

Origin circulating
tumor DNA:
Primary tumor WAA. Non tumoral cell-free DNA

and/or metastases

o Tumoral cell-free DNA
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Tumor cell
Kit mutation

KIT

Exon 9
Exon 11
Exon 13
Exon 17

PDGFRA

Exon 12 Circulating

EXO” = tumor cell Cell free
xon (CTC) DNA
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Minimal residual disease after surgery |
Response to treatment
Early detection of recurrence

Prediction of therapeutic response
Personalized treatment

@

~

(cfDNA)

Molecular assay genotyping to
predict risk of recurrence




Beyond the DNA




Metastasis
development

Identification of
therapeutic
targets
and resistance
mechanism

Molecular
characterization

of the tumor
(early diagnosis)

Prognostic
information

Real-time
monitoring of

disease
(MRD and PD)




Circulating tumor DNA

Circulating Tumor Cells




Tissue Biopsy

- Allows histological diagnhosis and

staging

- Often difficult and invasive

* Not always representative for the

entire variety of malignant clones:
TUMOR HETEROGENEITY

- Multiple sampling are not always

feasible

Still the gold standard for tumor
characterization

Vs.

Liquid Biopsy

- Does not allow tumor histotype |

specification and staging )

* Non-invasive procedure

- Representative of the different

localization of the malignant
clones: TUMOR HETEROGENEITY

* Easily repeatable and highly

reproducible )

* Real-tfime monitoring ot disease

\

(MRD and PD) )

- Lack of standardization, still

N\

used mainly in translational
research )




A | 1;«:‘rge1'ed I
erapy
, *
TN
e -~
i F '
g z | l
& : Response : Lack of response
Baseline Months

>



Table 8.1 Actionable cancer targets tested in liquid biopsy analysis

Actionable | % (n) of mutated Validation in liquid
target (Dx | samples with single-base | Current use biopsy (source of Analytic
or Rx) mt/insertion/deletion (Dx:Rx value) liquid biopsy) method References
JAK2 20.9 (32,692) Not established Not determined - -
BRAF 15.5 (24288) Rx, melanoma (ctDNA) ddPCR [3]
(ctDNA) PCR [4]
(ctDNA) ddPCR [5]
KRAS 14.9 (23261) Dx, multiple (exosomes) dPCR [6]
(ctDNA) PCR [7]
(CTC & ctDNA) ddPCR [8]
(ctDNA) NGS [9]
TP53 9.2 (14438) Dx, multiple (ctDNA) dPCR [10]
(exosomes) dPCR [6]
(ctDNA) NGS [11]
FLT3 7.4 (11520) Rx under development | Not available - -
EGFR 6.8 (10628) Rx, multiple (ctDNA) NGS [12]
(cfDNA) Seq [13]
(cfDNA) NGS [14]
KIT 3.0 (4720) Rx, GIST, AML (ctDNA) NGS [30]
PIK3CA 2.9 (4560) Dx, breast (cfDNA) NGS [15]
(ctDNA) dPCR [16]
(CTC) NGS [17]
IDH1 2.9 (4509) Not established Not validated - -
CTNNBI1 2.1 (3262) Dx, multiple No (ctDNA) NGS [18]
FGFR3 1.9 (2948) Rx under evaluation (ctDNA) NGS [19]
NRAS 1.8 (2738) Dx, multiple (ctDNA) ddPCR [5, 20]
APC 1.6 (2561) Dx, colon (ctDNA) NGS&dPCR | [21]
(ctDNA) NGS&dPCR | [22]
(ctDNA) NGS [23]
NPM1 1.6 (1471) Not established
PTEN 1.1 (1719) Rx under evaluation (CTC) NGS [24]
(ctDNA) NGS [25]
VHL 0.8 (1287) Dx, VHL syndrome (CTC) NGS [26]
IDH2 0.7 (1029) Not established (ctDNA) NGS [25]
CDKN2A 0.6 (968) Dx, multiple (ctDNA) MPS [27]
(ctDNA) NGS [28]
TET2 0.6 (864) Not established - - -
ABLI1 0.5 (851) Rx, CML - - -
HRAS 0.5(812) Dx under evaluation - - -
DNMT3A 0.5 (788) Not established -
NOTCH1 0.4 (661) Not established (exosomes) NGS [29]
(ctDNA) NGS [12]
PDGFRA 0.4 (653) Rx under evaluation, (ctDNA) NGS [30]
GIST
NF2 0.4 (609) Dx, neurofibromatosis, | (ctDNA) NGS [31]
mesothelioma (ctDNA) NGS [28]
MPL 0.3 (531) Not established
SF3Bl1 0.3 (516) Dx under evaluation (ctDNA) NGS [32]
RET 0.3 (500) Dx under evaluation (ctDNA) NGS&dPCR | [22]

The actionable targets in the table originate from Vogelstein et al. (2013) (source: COSMIC open database) and repre-
sent single-base mutated driver genes (both oncogenes and tumor suppressor genes) found most frequently in cancer
with a mutation hit >500/tumor. Bolded correspond to targets with clinically available therapeutics. The complete list
available through the cited reference

ctDNA circulating tumor DNA, CTC circulating tumor cell, NGS next-generation sequencing, dPCR digital PCR,
ddPCR droplet digital PCR, Dx diagnostic, Rx therapeutic



Extracellular vesicles

(A) Exosome (B) Microvesicles (C) Apoptotic Bodies

Outward Budding Apoptotic Cell
o (Programmed Cell Death)

<150 nm 100-1000nm >1000 nm

Gurunathan et al, Cells 2019



Exosome Biogenesis
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Endosome
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Exocytosis

(Secretion) @

Exosomes

Intracellular space

Extracellular space
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Targeting/Adhesion Molecules

PROPERTIES

e Long Body Circulations

e Compartmentalization

e Targeted Delivery

e Biocompatiability & Safe

e Cargo Protection & Encapsulation
e Hight Penetration

¢ Biodegradable

e Enhanced Biodistribution
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xosomes Biological Functions
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Diagnostics

Exosom
Isolation

Exosomes =
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 Exosome * Soluble molecules
© Proteins ~ Nucleic Acid
Circullating
Tumor Cells
Therapeutics
* Mesenchymal Stem Cells (MSCs) * Blood Cells

Bone  Adipose

Patient
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Sequencing

Peptide Mixture
Proteomics

1. Blood cells collection

L ‘E\A :

Electrochemical Sensor

2. Bioenginerring

Marrow  Tissue from patient of blood cells
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- 4. Exosome therapy

2. Modified MSCs w/ therapeutic moleculs onidisease

or preconditions (e.g. starvation, hypoxia, etc)

4. Exosome isolation

3. Exosome secretion
from bioengineered blood cells
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324 genes,
TMB, MSI and LoH

Assesses the four main
classes of genomic
alterations” in 324
cancer-relevant genes
and reports TMB, MSI
and LoH'?

Extensively
validated

Based on our analytically
and clinically validated,
FDA-approved
comprehensive platformts4

&

A single, tissue- and

Opens
time-saving test

Supports clinical
possibilities

decision-making

Delivers all insights at once
in a single test, thus saving
tissue and time versus
sequential biomarker
testing'2®

Potentially expands your
patient’s treatment
options¥&°

Reports vary according
to regional differences,
e.g. EU reports list
EU-approved therapy
options to support clinical
decision-making®®

Clear, in-depth report
provides insights on the
genomic profile of your

patient as well as
associated targeted
therapies, immunotherapies

(ranked alphabetically

within NCCN therapy
categories)’ and relevant

clinical trials®

Provides insights that can
help support treatment
decisions and may improve
clinical outcomes*?"'4
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Base
Substitutions

Analyses

324

known

genes
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Tumour mutational Microsatellite
burden instability

Loss of
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Copy number
alterations
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Single biomarker testing

D-@-0-0-0-@-

Biopsy Negative for Repeat testing Negative for Re-biopsy due to
tested biomarker tested biomarker insufficient tissue

FoundationOne CDx

DORC)

Biopsy Delivers all
insights at once




FOUNDATIONONE CDx

What type of tumour

does your patient have?

|

N

Solid tumour Haematologic malignancy
and sarcoma
& .
Tissue sample Blood sample
IJ FOUNDATIONONE“CDx h FOUNDATIONONE“LIQUID CDx IJ FOUNDATIONONE“HEME
Tissue-based test for Liquid biopsy test for Test for haematological

solid tumours'? solid tumours*s malignancies and sarcomas’®
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Non-Digital Pathology

* Routine pathology —— glass slide

|

Dx: time consuming / expensive / subjective



(2016) MUSE microsopy
(1988) Convolutional technique invented to enable
neural network high resolution imaging
invented by Yann LeCun | | without tissue consumption

(1965) Computerized

image analysis of (2018) FDA permits
(1956) Artificial || microscopy images of (2014) Generative first medical device
intelligence (Al) || cells and chromosomes adversarial network using Al to detect
term coined by by Judith Prewitt and introduced by lan diabetic retinopathy
John McCarthy Mortimer Mendelsohn Goodfellow in adults (IDx-DR)

1950 1960 1970 1980 1990 2000 2010

(1959) Machine learning (1986) Deep (1990) Whole- (2017) Philips receives
term coined by Arthur learning term | | slide scanners approval for a digital
Samuel as “the ability to coined by introduced pathology whole-slide
learn without being Rina Dechter scanning solution
explicitly programmed” (2013) Photoacoustic || (IntelliSite)

microscopy imaging
technique developed

Bera et al, Nat Clin Oncol 2019



The evolution of Digital Pathology
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= Digital Pathology

BETTER
REDUCED QUALITY VIEWS
ERRORS » 0 ed and multiple

» Eliminates breakage
» Barcoding reduces nsk and
misidentification

IMPROVED
RKFLOW

REDUCED MORE

TURNAROUND PRODUCTIVITY
AL INNOVATION

» Faster access 10 archived
digital slides

» Reduces time retrieving, data
matching and organizing

Speeds up access to samples
and improves turn around time
versus manual reviews,
specially in complex cases



WSI

Machine Learning

Al

Deep Learning

Dx algorithms and apps

Augment Dx workflow




Digital Pathology Era







Combining WSI with image analysis tools allows users to leverage technology
to perform tasks that were previously too cumbersome or even impossible for
humans to undertake manually. Examples include:

high-throughput morphologic analysis of cases to quantitatively and
reproducibly measure histologic structures such as tumors

automated grading of tumors to reduce variability encountered with manual
grading

automated selection of desired regions of interest, such as hot spots (most
active areas in proliferative rate)

detecting mutations and perform tumor subtyping from H&E imaging using
deep learning approaches

Farhani et al, 2015



Automated tumor identification




PD-L1 imaging in lung cancer
WSI/AI

?ﬁfg@%

Pos / Neg tumor cells, Inﬂammatory cells

Serag et al, 2019



Advanced level of DP/AI

Patient with suspected
malignancy has biopsy
and/or surgical resection

}

Pathologist fixes and
sections the tissue
specimen, and makes
multiple whole slides
using several stains

Deep learning
(deep neural
network)
approach

= |

—>| |nput |—> —_—

}

Pathologist digitizes
physical slide using
whole-slide scanner;
oncologist collates
adjoining database

of relevant clinical and/or
outcome information

|

Pathologist provides
reference comparison for
the region of interest
based on the problem

Hand-crafted
Al approach

Convolutional layer

Pathologist, oncologist,
and Al expert use intrinsic
domain knowledge to
engineer features to be
analysed with Al

‘ Pooling ‘ ‘ Flattening ‘
L Output

Pooling layer

Al-based approach
from both modalities
gives a prediction
based on input data

l

Prediction is compared
against the reference to
evaluate performance
of the model

l

Construct a hand-crafted
model to build the
Al-based prediction;
classification approach
for the clinical problem

Performance evaluation
is done by reporting
area under the curve as
well as survival analysis
using hazard models
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e WSI: whole slide imaging

e interpreting diagnostic, prognostic and therapeutic data
from very large patient populations

e providing real-time guidance on risk, clinical care options
and outcome

e provide up-to-date medical information from journals,
textbooks, and clinical practices to inform proper patient
care

e reduce diagnostic and therapeutic errors that are
inevitable in conventional human clinical practice

e 3D images
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Digital Pathology Applications

» Prostate cancer grading

* Metastasis detection in LNs

 Mitosis count

» Ki67 scoring

» |HC evaluation (eg PD-L1)

« Tumor detection for molecular analysis

« Al works best in well-defined domains, overcoming the issue of
standardization

« 75% of routine pathology (BUT extremely unsophisticated and
boring!!!!)

* Intelligence Augmentation (lIA) instead of Al in Pathology—>
remove noise, but extract useful data



Al: Identifying the boundary of tumor

H&E

Blank sections

DD D Mrodissection

=5

FFPE Block Tumor nuclei enrichment
Molecular Profiling & Mutational Analysis
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Automated tumor identification
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Automated analysis of cellular content in H&E using deep learning

WSI/Al system
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Problems/key challenges

elimiting technology/image quality/storage

e Algorithms are slow to run

eProperly define protocols for training and evaluation
eshortcomings to scan all materials (eg, cytology, microbiology)
ethe cost of these systems /Lack of health economics

etheir inability to handle high-throughput routine work, regulatory
barriers in certain countries, user-unfriendly ergonomics

e pathologists’ reluctance to use WSI



TIRE Al: ...to conclude

The field of pathology Al is still young and will continue
to mature as researchers, clinicians, industry, regulatory
organizations, and patient advocacy groups work
together to innovate and deliver new technologies to
health care providers: technologies which are better,

faster, cheaper, more precise, and safe for the
ptl!
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