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Agenda

* Sequenziamento Nuova Generazione (NGS)
e Metodi non invasivi:

* NIPT e recenti progressi per lo studio di
malattie monogeniche

 Altre applicazioni (biopsia liquida)



Cosa e il DNA

STRUTTURA DEL DNA o . o
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di Basi

Il DNA umano contiene circa 3 miliardi di paia di basi
(A,C,G,T), suddivise in cromosomi.

I| sequenziamento e |a lettura delle basi del DNA



Next-Generation Sequencing (NGS)

Conceptual overview of Whole-Genome Sequencing (WGS)

——— DNA Fragments
Sequencing Reads
Reference Genome

A B C D

'G— «-A— C- T
G—A- -G-. —G

—G— -A—G-T GCATAGCTACG
— / =GrT—Gr=

A C-T G-

gDNA Parallel Sequencing Alignment Sequence

A. Extracted gDNA.

B. gDNA is fragmented into a library of small segments that are each sequenced in parallel.
C. Individual sequence reads are reassembled by aligning to a reference genome.
D. The whole-genome sequence is derived from the consensus of aligned reads.

Lin. On the forefront of trasformation: genomics application in oncology. ASCO 2014



Next Generation Sequencing
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*Sequencing by synthesis, lllumina Inc.



Sequenziamento classico Sequenziamento

(Sanger) Nuova Generazione
Sequenziamento Sanger Sequenziamento NGS
* Sequenze lunghe e Sequenze corte
* Poche sequenze * Milioni di sequenze
* Costo piu alto * Minor costo
e Basso tasso di errore * Ridondanza per

compensare errori di
lettura



Dal DNA al sequenziamento NGS

Analisi

A

ID3131: MYH7 (p.Y162H)

CCCACATCTTCTICCATCTCCCACAACCOCTATCAGTACATLOTOCACAGGTGACACCCCCTLEAA

ATCTTOTCCATCTCCCACAACLOCTATCAGTACATOGOTCACAGG TGACAG
ATCTTCTCCATCTCCCACAACCCCRATCACTACATCCTCACAGGTCACAC
ATCTTOTCCATCTCCCACAACCCCTATCAGTACATOGCTCACAGGTGACAG
ATCTTCYCCATCTCCCACAACCOCCTATCAGTACATCCTCACAGG TGACAG
ATCTTCTCCATCTCCCACAACGCCRBATCAGTACATGCTGACAGG TGACAG
TCTTCTCCATCTCCCACAACCCCRATCAGTACATGCTCACAGGTCGACACS
TCTTCTCCATCTCCCACAACGCCRATCAGTACATGCTGACAGG TGACAGG
TCTTCTCCATCTCCCACAACCCCRATCAGTACATCCTCACAGG TGACAGG
TCTTCTCCATCTCCCACAACGOCTATCAGTACATGCTCACAGGTGACA
TCTTCTCCATCTCCGACAACGCCRATCAGTACATGCTGACAGG TGACAGG
TCTTCTCCATCTCCOCACAACGOCTATCAGTACATGCTGACAGG TGACALG
TCTTCTCCATCTCCCACAACCCCTATCACTACATCCTCACAGGTCACACC
TCTTCTCCATCTCCOGACAACGCATATCAGTACATGOTGACAGG TGACAGG
TCTTCTCCATCTCCOACAACGCCRATCAGTACATGCTGACAGG TGACAGS
TCTTCTCCATCTCCCACAACGCCRATCAGTACATGCTGACAGG TGACAGEG
CTTCTCCATCTCCCACAACCCCRATCAGTACATCCTCACAGG TGACAGGE
CTTCTCCATCTCCGACAACGCCRBATCAGTACATGCTGACAGG TGACAGGC
CTTCTCCATCTCCCACAACGCCRATCAGTACATGCTCACAGGTGACACGC
CTTCTCCATCTCCOCACAACGOCBATCAGTACATGE TCACAGG TGACAGGE
TTCTCCATCTCCCACAACGCCRATCAGTACATGCTGACAGG TGACAGGCC
TTCTCCATCTCCCACAACGCCRATCAGTACATGCTCACAGG TGACAGGCC
TCTCCATCTCCCACAACGCCTATCAGTACATGCTCACAGGTGACACGCCC
CICCATCTCCCACAACGOCEBATCAGTACATGCTUACAGG TGACALGECCT
CYCCATCYCCCACAACCCCBATCAGTACATOCTYCACAGGTGACACCCCCY
CICCATCTCCCACAACCOCTATCAGTACATLOCTCACAGG TGACACGCCCY

TCCATCTCCCACAACGCCRBATCAGTACATGCTGACAGG TGACAGGCCCTE

B 1D3236: ILK (p.P70L)

A(CCA'(AAYC'AAVCAA((CYCCCCA'CA(A(((P((YC(A'(VCC(AC(
ACCOATCAATCTAATCAACCCTGCCCATCACACCC
ACCOATCAATCTAATCAACCLTGCCCATCACACCC
ACCCATCAATCTAATCAACCCTOCCCATCACACCC
ACCOCATCAATCTAATCAACCGTOGCCOATGACAC
ACCOATCAATCTAATCAACCLCTCCCCATECACACCCC
ACGOATCAATCTAATCAACCGTOGCOCATGACACCCTRCCT
ACCCATCAATCTAATCAACCOCTOCCCATCACACCCRCCTC
ACGGATCAATCTAATCAACCGTGCOCATGACACCCRCCTG
ACCOCATCAATETAATCAACCLYCCCLATCACACCCRCC YO
ACGGATCAATCTAATCAACCG TCCLOCATCACACCCRCCTCCATCTCG
ACCCATCAATCTAATCAACCCTYGCCCATCACACCCRCCTICCATCTCC
ACGGATCAATCTAATCAACCGTGOOCATGACACCCRCCTGCATCTOLC
COCATCAATETAATCAACCLTCECCATCACACCCCCCTCCATETCLCACLT
GOATCAATCTAATCAACCGTGCOOATGACACCCRCCTGCATCTCLCALS
CATCAATCTAATCAACCCTGCCCATCACACCCRCCTCCATCTCLCALT

CACYCAYCCA

<
<A

CAATCTAATCAACCL TOLLLCATCACACCCRCCTICCATCTCLCACCCACTC
CAATCTAATCAACEL TLOLOATCACACCERCC TLCATCTCLOALCCALTE
CAATCTAATCAACCGTGCCOATGACACCCTCCTCCATCTCLCALCCCAGTC

ATCTAATCAACCCTCCCCATCACACCCNCCTCCATCTCLCACCCACTC

AACCGCTLCCCATCACACCCRCCTCCATCTCLCALE
CLATCACACCCNCCYCCATCTCLOALC
ATGACACCCACCTGCATCTCLOALT
CCCTCCATCTACCALC

TCCATCTCLCALC

TEYCCCACC

CLCACC

Coacc

Allineamento delle sequenze generate sul
genoma umano di riferimento

CACTCATCCA
CACTYCATCCA
CACTCATCCA
CACTCATECA
CACTCATECA
CACTCATCCA
CACTCATCCA
CACTCATCCA
CAGCTCATECA



Dalle sequenze all’identificazione di mutazioni

A ID3131: MYH7 (p.Y162H) B 1D3236: ILK (p.P70L)

CCCACATOTTOTCCATOTCCLACAAD AGTACATGOTOACAGGTGACALLLCOTLEAN ACCCATCAATCYAATCAACCCYGCCCCATYCACAY
AGTACATCCTCACAGG TGACAG ACCCATCAATE TAATCAACCE TCEECATCACAG
ACTACATCCTCACACG TCACAG ACCGATCAATCTAATCAACCE TGCOCATGACAG
AGTACATGCTGACAGG TGACAG ACGGATCAATCTAATCAACCG TGCCCATGACA]
AGTACATCCTCACAGS TCACAC ACGGATCAATG TAATGAACCG TGCLGATGACAG
ACTACATECTCACACC TOACAS ACCCATCAATE TAATCAACCE TGCECATCACAG
Fridebaidhoyed ACGGATCAATG TAATCAACCG TGCOCATGACA]
fpaisppidadimppiidhgpse ACGGATCAATCTAATCAACCG TGCCCATGACA

ACGGATCAATG TAATCAACCG TGCOGATGACAY
AGTACATCCTCACAGGTGACACC ACCOATCAATE TAATCAACCE TCCEEATCACAT
AGTACATCCTCACAGGTGACA ACGGATCAATG TAATCAACCG TGCOGATGACAY
AGTACATGCTGACAGGTGACAGG ACCCATCAATCTAATCAACCCTCCCLATCACAY
AGTACATGCTGACAGG TGACAGG ACGGATCAATG TAATGAACCG TGCOGATGACAG
ACTACATGCTCACAGG TCACACE COCATCAATETAATCAACCE TCEECATCACAY

CCATCYCCCACCCACTCATCCA

ATCTTCTCCATCTCCCACAAL
ATCTTCTCCATCTCCCACAACY

ATCTTCTCCATCTCCGACAAC

ATCTTCTCCATCTCCCACAAL

ATCTTCTCCATCTCCCACAAC

TCTTCTCCATCTCCCACAAC

TCTTCTCCATCTCCGACAAC

. e TCTTCTCCATCTCCCACAAC
Ana||S| TCTTCTCCATCTCCCACAAC
TCTTCTCCATCTCCGACAAC

TCTTCICCATCTICCGACAAL

TCTTCTCCATETCCCACAAC

CCATCTCLC
CCATCETCLCALT

TCTTCTCCATCTCCGACAACY AGTACATGCTGACAGG TGACAGG GGATCAATGTAATGAACCG TGCOGATGACAY GCATCTCLCAGCT
TCTTCTCCATCTCCGACAACH AGTACATGCTGACAGG TGACAGG CATCAATCTAATCAACCCTCGCCCATCACAY CCATCTCCCACCCA
TCTTCTCCATCTCCGACAAC AGTACATGCTGACAGG TGACAGG KAATCTAATCAACCC TLCCCATGACAY CCATCTCCCACCCACTC
CTYTCYCCATCTCCCACAACY AGTACATGCYGACAGGTGACAGGC CAATLTAATCAACCLTLLLLATLACAY TLCATCTCLOALCCALTC
CTTCTCCATCTCCGACAACY AGTACATGCTGACAGG TGACAGGC KAATGTAATGAACCGTGCGGATGACAS GCATCTGCCAGCCAGTC
ATCTAATCAACCCTGCCCATCACA] CCATCTCLCALCCACTC

AGTACATGCTCACAGGTGACACGC
AGTACATGCTGACAGGTGACAGGE
AGTACATCGCTGACAGGTGACAGGCC
AGTACATGCTCACAGGTGACAGGCC
AGTACATGCTCACAGGTGACACGCCC

CTTCTCCATCTCCCACAACY
CTTCICCATCTCCGACAAC
TTCTCCATCTCCCACAACY
TTCTCCATCTCCGACAACH
TCTCCATCTCCGACAACY

AACCGTLCCCATCACAY
CLATCACA]
ATGACAY

CCATCTCLCACCCACTCATECA
CCATCTCCCACCCACTCATECA
CCATCTCOCACCCACTCATEGA
CCATCTACCACCCACTCATECA
CCATCTCLOACCCACTCATEGA

CTCCATCTCCGACAAC AGTACATGCTGACAGG TGACAGGECCT NCTCOCACCCACTCATCCA
CYCCATCTYCCCACAACY AGYACATGCYCACAGGTGACACCCCCY CLCACCCAGTCATECA
CYCCATCTCCCACAAC AGTACATGCTCACAGGTGACAGGCCCY CCACCCACTCATECA

TCCATCTCCCACAACY AGTACATCCTCACAGGTCGACAGCCCCTE CAGTCATECA

Identificazione delle varianti



Malattie Rare - perché sequenziare?

Per Identificare mutazioni RARE (a bassa frequenza nella
popolazione) che causano la malattia

Due individui qualunque condividono il 99.9% delle sequenze di DNA

DNA sequence variants
B

We are all different from each other

m

Il rimanente 0.1% determina l'unicita
dell’individuo

Ogni persona ha una sequenza di DNA che
la rende diversa da ogni altra




0.1% delle differenze tra due individui

U}

Variazioni a livello delle singole basi (conversione di una
base in un’altra, delezione, inserzione)

- SNP (Single Nucleotide Polymorphisms) - 7~
‘/v,: (\h/
(c - 4
=ty w8
7y T
é‘;éf i 'y‘JQ
G * '
TENDENZA A SVILUPPARE
VARIAZIONI VARIAZIONI INNOCUE MALATTIE
SENZA EFFETTI (es. legate all’aspetto esteriore, alla v
capacita di arrotolare la lingua, ecc...) Individuo SANO ma con
v una proteina con

o funzionamento alterato
Individuo SANO



Senza effetti
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Anomalie genetiche
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CRS4 - NGS Core Facility

Pula - Polaris

« High-throughput NGS facility :|_
— La piu grande piattaforma di 1 —a
sequenziamento NGS in ltalia

— X000 genomi, x000 RNA-Seq, x00
esomi

e Centro di calcolo

— Traitop 5 in Italia, 3200+ processori,
Pb spazio disco

« Piattaforma di analisi

— Metodi per la gestione e I’analisi dei dati
di sequenziamento




Dove siamo

Assemini_

Uta

b SS131dir

Capoterra

Poggio
dei Pini

CRS4 NGS Core Facility
Parco Scientifico e Tecnologico Polaris
09010 — Pula, Cagliari perd'e/Sali



Test pre-natale non invasivi
per malattie genetiche

Falsi positivi

Eta materna 5-25%
Screening biochimico 5%
Translucenza nucale 5%
Test integrato 2-5%

DNA fetale circolante <1%




7 Y\‘bfyfy
Dov’é presente il DNA fetale? 8%

* Separazione delle cellule materne e fetali

* Poche cellule fetali disponibili: necessario
arricchimento

= DNA fetale cell-free (cffDNA) nel sangue materno

Maternal DNA * |l cffDNA e presente in quantita maggiore rispetto
al DNA nelle cellule fetali circolanti (20-100x)

g g * Rappresenta ~10% del DNA circolante totale

* Rimosso dal sangue materno in < 24h
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Discovery of cfDNA: historical developments

2003-2004

Placenta Inameased
1948 999 emerges as
cfDNA detected Pa:\creatic major source of awgr:hrﬁ'eas: o
in blood cancer KRAS cfDNA Use of MPS for explanation for
mutation NIPT of fetal discordant NIPT
aneuploidies results

2002 p 2mfid
Discovery of identified as
uniquely methylated 2004-2005 significant
lm cfDNA regions cfDNA altefa.tlons influence on
Identification of enable analysis detected in cfDNA analysis
male cfDNAin independent of fetal  Preeclampsia and
maternal serum gender preterm labor 2010
ctDNA as
MPS: Massively parallel sequencing potential liquid
NIPT: Non-invasive prenatal testing biopsy

CPM: Confined placental mosaicism

H:fetal fraction Modified from: Taglauer, E.S., Wilkins-Haug, L. and Bianchi, L.W. 2014. Review: cell-free fetal DNA
— Sample to Insight in the maternal circulation as an indication of placental health and disease. Placenta 35, S64-68




3434 Discovery of cfDNA: historical developments

— QIAGEN
2003-2004
Placenta ki crzme ased
1948 e awareness of
cfDNA detected Pancreatic major source of 2008 CPM as
NIPT of if;tal discordant NIPT
I aneuploidies results
Number of PubMed Publications
200 -
180 -
160 -
140
120
100 ~=Number of Publications with
fDNA
o P 4 ‘ 2012
0 —— ffidentified as
AT s dhd significant
22 7 influence on
1995 2000 2005 2010 2020 GIDNA analysis
2010
= ctDNA as

MPS: Massively parallel sequencing potential liquid
NIPT: Non-invasive prenatal testing biopsy

CPM: Confined placental mosaicism
ff: fetal fraction

- Sample to Insight

Modified from: Taglauer, E.S., Wilkins-Haug, L. and Bianchi, L.W. 2014. Review: cell-free fetal DNA
in the maternal circulation as an indication of placental health and disease. Placenta 35, S64-68




Fattori chiave per NIPT

Not Invasive Prenatal Testing

Frazione fetale: la percentuale di DNA fetale presente all’interno del
plasma materno e un fattore determinante per I'accuratezza del NIPT.
Percentuali inferiori al 5-10% rendono il test poco affidabile

=» determinazione del DNA fetale

Coverage/profondita di sequenziamento: numero medio di letture per
base. Maggiore il coverage, piu accurato (e piu costoso) il test

A ID3131: MYH7 (p.Y162H) B ID3236: /ILK (p.P70L)

CCCACATCT TCTCEATETCCCACARCECCTATCAGTACATGCIGACACG TGAGAGECCCTGEAR  ACECATCARTE YAATCAACCE TECCEATCACACECRCE TECATCTECCAGECACTCATECA
ATCTITCTCCATCICCCACAACCCC TATCALTACATCE AL TGAGACG ACCCATCAA AATCAACCETYGCCCATCACACCC
ATCTITCTCCATCTICCCACAACCCCEBATCAGTACATCC ACCTGAGAG ACCGATCAA AATCAACCECTGCCOCATGACACCC
ATCTTCTCEATC TCCOACARLGEL TATCAGTACAT G ACG TGAGAG ACECATVCAA AAVGAACCEYGCCECATGACALEC

3 ATG TGG G
AYCTTCTCCATCTCCOACAACGCCTATCAGYACATGE AGG TGAGAG ACCEATCAA AATCAACCECTOCCCATOACAC

ACCCATCAA
ACCOGATCAN

AATCAACCETGCOCCATGACACCCE
AATCAACCE TLLCCATGACACCCTCC Y

3
ATCTTCTCCATCTCCOACAACGCCRBATCAGTACATGE AGG TGAGAG
S

Yey A ! A Ge A
< ¥ TCCATCYCCCACAACCCCEBATCAG CATCC ACCTCGACACC ACCCATCAA AATCAACCE TCOCCOATGACACCCRCC
YT ATCTCCGACAACGCCEATCAGTACATGC AGG TGAGAGG
> TOCATCTCCUAL 8 Ak + ACCCATCAA AATGAACCE TGCCOATGACACCCNCC TG
TCTTCTCCATCTCCGACAACGCCRBATCAGTACATGC ACGCTGAGACC ACCCATC AN AATCAACCEYCCECCATCACACCCNCE YO
TCTTETCCATCTECGACAACGECTATCAGTACATGE ACGTGAGA AGCCOATEAA AATCAACTE T OCCEATOACACCCICC TOCATCT O
TCTITCTCCATCTICCOACAACGCCEBATCAGTACATGE ACGCTGAGACG ACCCATC AN AATCAACCETGCCOCATCACACCCRCCYCCATYCYC L
TCTITCTCEATCTICCCACAACCCCTATCALTACATCC ACGTGAGAGG ACCOLATC AN AATCAACCEC TLCCOCATOCACACCECRCC TLCATCTE LS
YCTTCTCCATCTCCOACAACGECTATCAGTACATGE ACG TGAGAGG CECATCAA AATGAACCE TGEEGATGACACECCCE TECATETEGCAGE
FCTTCTCEATCTCCOACARCGERTATCAGTACAT GE AGG TGAGAGG COATCAN AATGAACLE TGLEGATGACACCENCE TEEATETCELAGEL
YCTTETCCATCTCCOACAACECCRATCAGYACATGE AGG TGAGAGG CATCAN AATEAACCE TEECEATCACACCCNCE TECATETECCACCCA
TCTITCTCCATCTCCGACAACGCCRATCAGTACATGE AGCG TGAGAGG caa AATCAACCE TGCCCATCACACCCRCC ATCTCOCAGCCACTC
CYTCTCCATCYCCCACAACCCCBATCAGTACATGCTYCACAGE TGAGAGGC can AATCAACEE TECEEATEACACCCNEE TECATE TELCALECALTE
TTCTCCATCTCCGACAACGCCEATCAGTACATGE AGG TGAGAGGC CAA AATGAACCE TCCEEATGACACCCREC TCCATCTGECAGLCAGTC
v YGGEE
CTITCTCCATETCCOACAACGCCCBATCAGTACATGC ACG TGAGAGGE ATETAATGAACCETGCECATGACACCCHCC TGCATCTEECAGCCAGTC
AACCE TGEEOATGACACCCRCE TECATC TEECAGECAGTCATEGA
CTITETCCATCTCCGACAACGECEBATCAGTACATGE TEACAGG TGAGAGGE .
CCATCACACCERCC TECATCETCLOACCCACTCATCEA
TTETCCATCTECOACAACGCCRBATEAGTACATGETEACAGE TGAGAGGEC
ATGACACCCRCE TEEATE FELCAGECAGTEATEEA
ITTCETCCATCYCCCACAACCCCBATCAGTIACATLLICACALL TGALGALGCC
KCETCCATE TRCCAGECACTCATEEA
TCTCCATCYCCOACAACCCCTATCAGYACATCCYCACACE TGAGALGLLL CCATCTGTCCAGCCAGTCATEGA
CTCEATETCCOACAACECCBATCAGTACATGETGACALE TOAGAGEECECY YCYCOCAGCCAGTCATEGA
CTCCATCTCCOACAACGCCBATCAGTACATGETGACAGG TGAGAGGCCCT CEEAGCCACTEATEEA
CTCCATOCTCCOGACAACGCOCTATCAGTIACATLLIGACALL TGALALGCCCY ELAGCCCALTCATLEA
TCCATCTCCOACAACGCCEBATCAGTACATGCTIGACACG TGAGAGGCCCTG CACTCATECA



Fattori chiave per NIPT

Not Invasive Prenatal Testing

* Frazione fetale: la percentuale di DNA fetale presente all’interno del
plasma materno e un fattore determinante per I'accuratezza del NIPT.
Percentuali inferiori al 5-10% rendono il test poco affidabile

=» determinazione del DNA fetale

* Coverage/profondita di sequenziamento: numero medio di letture per
base. Maggiore il coverage, piu accurato (e piu costoso) il test

* Analisi bioinformatica: lo sviluppo di nuove soluzioni per I'analisi dei dati
consente di aumentare |'accuratezza del test

=>» NIPT di seconda generazione



Determinazione della frazione fetale

Maternal DNA

8,8 .8 ,8,8

g ¢ ¢ %%

Approaches for fetal DNA
fraction determination
A

7 a. Y chromosome-based

Proporzione di sequenze che allineano sul
chr Y (solo per feti di sesso maschile)

Fetal DNA

fraction
4 >




Determinazione della frazione fetale

Maternal DNA

-

-

:

gé

Approaches for fetal DNA

fraction determination

Fetal DNA fraction ~

Extended versions:
1. High-depth targeted sequencing (FetalQuant);
2. Shallow-depth sequencing, coupled with

| maternal genotypes (FetalQuant™).

La frazione di alleli paterni
fornisce una stima della
frazione fetale



Determinazione della frazione fetale

Maternal DNA

8,8 8,81

: g i

Approaches for fetal DNA
fraction determination

A

d. Methylation-based

o 1. Differentially methykted markers
Metilazione del DNA: modifica
delle Citosine con impatto sulla oo
o . Placental * o o
trascrizione DNA>RNA. cels L
La met|.Ia2|on-e di una regione — 3yt 3 )
genomica varia da tessuto a S
tessuto, e puo essere usata per la FelaIDNA fraction zﬁuzu
stima della frazione fetale. .
M: methyhted
[ U: unmethylated

. 2. Plasma DNA tssuc mapping



NIPT per le aneuploidie
&

MATERNAL BLOOD
SAMPLE
%M )@,@( [ Conta delle sequenze

MATERNAL AND YUK
FETAL CELL-FREE DNA \M‘ * Feto con trisomia
é contribuisce con un 50%
‘ in piu di cfDNA dal
cromosoma trisomico

CELL-FREE DNA CCCTTAGCGCTTTAACGTACGTAAAACCCTT °

SEQUENCED VIA AACGTACGTAAAAACGGGGTCAAAGGTTCCC Milioni di reads necessarie
MASSIVELY PARALLEL GACTTAAAATCGGAATCGATGCCCAAACTT . .pe . .
SEQUENCING (MPS) GAATCGATGCCCAAACGGGGTCAAAGTTCCC per identificare lievi
‘ variazioni di cfDNA
[s)

ALIGNMENT AND P LR cocssses Non distingue il DNA materno
COUNTING ¥ F R N BN N R R R N N | dalfetale

(. B R R B B B B | . B B B B B B

. A B R B B B B L R R R B R B | S =

Chromosome 21 Chromosome 21
No Aneuploidy Aneuploidy



DNA tumorale circolante (ctDNA)

______________________________

Circulating
tumour cell

o© Apoptosis |

@ or necrosis |
E

’

’

00 )
Apoptosis

Inflamed

: @tlssue

@ Healthy cell
Phagocyte

(& Tumour cell

JU Mutation
@ Red blood cell
(©) Endothelial cell

&3 Chromosome

Blood plasma or
serum sample
containing ctDNA

Liquid biopsy: monitoring cancer-genetics in the blood, Crowley E, Nat Rev Clin Oncol, 2013



Applicazioni cliniche della biopsia liquida

o

/ Tumor biopsy

§ @ 0 © @

XD

Diagnosis

Lung cancer
Breast cancer
Colorectal cancer

\ 4

Breast cancer
Colorectal cancer
Melanoma

Circulating tumor DNA as a liquid biopsy for cancer, Heitzer et al., Clin Chem, 2015

U Plasma sample

MM} DNA

e " o n

seauo|oans

H
Progression /
Relapse
Adapted from

Scherer F et al., Science Translational Medicine, 2016

Amplification of the MET receptor drives resistance to anti-EGFR therapies in colorectal cancer, Bardelli et al., Cancer Discov., 2013

Detection of Circulating Tumor DNA in Early- and Late-Stage Human Malignancies, Bettegowda et al., Sci Transl Med., 2014



La conoscenza del profilo genomico consente di
ottimizzare le strategie terapeutiche:
Medicina di Precisione

kras Testing kras mut

Kras wild-
type

Treatment

ooooo
Success

Langreth, R. (2008), ‘Imclone’s Gene Test Battle’, Forbes.com, 16May



NGS per lo studio dell’evoluzione temporale
del tumore

WGS is a snapshot

Certain mutations reflect paternal and/or maternal germline variation Cancer
genomes are not
Additional somatic mutations accumulate through life static.

“Driver” mutations cause cancer, “passenger” mutations are carried along

In cancer, one

Additional drivers evolve and diversify the cancer snapshot is not
: enough.

Some alter aggressiveness... enough

...which may be treatable

Others may alter treatment response, leading to relapse ( I!

>

e
’,\il -’-’\in . \1! Relapse
IS | RSN | DRSS { DRSS £ JES |

Cancer Cancer
(Primary) (Metastasis)

d

/-
jo |
| e |

R R R R

Germline Somatic

Lin. On the forefront of trasformation: genomics application in oncology. ASCO 2014



NGS per lo studio dell’evoluzione spaziale del
tumore: eterogeneita tumorale e metastatica

A Biopsy Sites

R1 (G3) . R2 (G3)

R3 (G4) QO wngQ

Q metastases
M2a

M2b

metastasis

M1

B Regional Distribution of Mutations
Ubiquitous Shared primary Shared metastasis Private

GHHHH e .:;.u

'ﬂ"&f!ﬁﬁiﬁiﬁiiiiﬁiﬂ'@ﬁ:ﬁ:&::. i
' ' : g

1 Innnunnnnnnmmmn INIREND NRRRRERERTRTRRRNRERERTRNIND PreM
(I | 11 1 HINunnnnnnn - i erer
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Futuro del sequenziamento NGS

* Sviluppo tecnologico: rapida evoluzione della tecnologia;
investimenti per tecnologie piu efficienti: riduzione dei tempi
e dei costi, aumento qualita dei risultati

The GRAIL approach

amazon /\\ _ GRAIL is poised to detect cancer early in asymptomatic individuals by combining high-
intensity sequencing of unprecedented breadth and depth with the techniques of modern
data science. Through one of the largest clinical trial programs ever pursued in genomic

Bl llGA]lS Beistol-Myers Squibb
medicine, GRAIL will create vast datasets to develop our products and demonstrate their

G i W W A ) clinical utility.
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Costo per il 2000
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