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Outline:

* Introduction. Genomic Oncology.
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Introduction

Hereditary tumors

Hereditary

Familial retinoblastoma RB1

Li-Fraumeni TP53

Familial adenomatous polyposis APC

Hereditary non —polyposis colorectal cancer MLH1, MSH2, MSH6, PMS1, PMS2
Wilms’ tumor WT1

Framiliar breast and ovarian cancer BRCAL1, BRCA2

Von Hippel-Lindau VHL

Cowden PTEN
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Introduction

Cancer genomics

Sporadic

Ovarian
Stomach
Breast
Prostate
Lung

Glioma
Head and Neck
Endometrial
Kidney
Glioblastoma
AML
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% of tumors
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Introduction

Cellular differentiation

Embryonic
stem cells

early stage
embryo

pluripotent

Adult blood
stem cells
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Different types of blood cells
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Introduction

The Waddington hill -Differentiation
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Introduction

Differentiation. Epigenetics
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T Increased epigenetic modification

1 Decreased epigenetic modification
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Introduction

Pancreatic cancer: genetics

——— pancreatic intraepithelial neoplasia (PanIN) ———— Ikt
carcinoma

telomere shortening >
K-ras activation — (>90%) >

p16/NK4A inactivation — (95%) -

p53inactivation — (75%) —»

Smad4 inactivation — (55%) —
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Introduction

Cancer reprograming
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Heterogeneity

Collison EA (2019) Nat Rev Gastroenterol & Hepathol

Heterogeneilty: intertumoral
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Heterogeneity

Heterogeneilty: intertumoral
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Heterogeneity

Intertumoral heterogeneity. Actionable mutations

PDGFR mutant (1%) BRAF mutant (1%)
e Dovitinib * Vemurafenib

ROS1 mutant (1%)
|« RXDX-101 p N
" K DDR defective (24%)

- \ [KIT mutant (1%)} BRCA1, BRCAZ or PALB2
JAK1-dependent or “_ | * Dovitinib mutations, unstable
JAK2-dependent (2%) \ genome and BRCA
* Ruxolitinib N mutational signature

N * Platinum
[ mTOR mutant (2%) e | PARP )

" LY3023414 \
N
ERBB2 amplified (2%) \

* Herceptin

e HKI-272 AKT-dependent (9%)\
e AZD5363
~
KRAS WT (7%)
NOTCH-dependent (3%) K. FCFR
* [Y3039478 RNF43 mutant (7%)
e LGK974

MET-dependent (3%)
* LY2875358 e Crizotinib
* INC280

PI3K-dependent (6%)
e BYL719 e BKM120 °1Y3023414
* VS5584 o GDC-0032 e CLR457

MYC-dependent (4%)
* GSK525762 FGFR-dependent (6%)

e Dovitinib

[NTRK-dependent (6%)} * BGJ398

e | arotrectinib e CH5183284
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Heterogeneity

Indirect therapeutic targets

PI3K Ral-GEFs
Raf (MAPKKK)
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MEK (MAPKK)
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Heterogeneity

Heterogeneity: intratumoral

? Pedersen et al Oncogene (2017) "
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Heterogeneity

Heterogeneity: intratumoral, intralessional

PC-PDX21.p4
B4 B3 B2 BG6
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KRAS G12D
TP53 V272M 99 99 99 99
TP53 Y103*

SMAD4 P246Q 15

SMAD4 G247R 26
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STK11 P324L 19
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Heterogeneity

Heterogeneity: intratumoral, interlessional

~ Liquid biospy

de Salud
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Liquid biopsy

Liquid biopsy

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

DG

£

Multiple DNA
abnormalities

S

RNA expression and
fusion transcripts

P

Protein expression and
phosphorylation

In vitrolin vivo culture

Haber, D & Velculescu, VE (2014) Blood-Based Analyses of Cancer: Circulating Tumor

Cells and Circulating Tumor DNA. Cancer Discovery
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Amplification
and deletion
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b Circulating
tumor DNA M
[cell number] [number of mutant
molecules] Point mutations
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Chromosomal abnormalities
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Liquid biopsy

Liquid Biopsy Time-Line

1948: Mandel & Métais: 1977: cfDNA increased 1989. Stroun: cancer 2008 Diehl & Diaz: 2018 De Carvalho
cell free DNA(cfDNA) in cancer patients cells produce cfDNA minimal residual disease || Cell-free methylomes
1991: Sidransky: TP53 2012: Hybrid capture sequece
CtDNA mutations in bladder cancer

Li id Bi 1994: KRAS mutations 2012: Amplicon Sequence
Iqul I0PSYy in pancreatic cancer

1999: Vogelstein & Kinzler: | | 2012:Whole Genome Sequence
digital PCR
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Liquid biopsy

cfDNA: characteristics
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Z Concentration: 1-10 ng/ml
s ( L) NG Modal length: cfDNA166 nt
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Liquid biopsy

Analysis of ctDNA during the course of disease

Molecular Detection o Monitoring
" : Monitoring
Profiling of residual clonal
: . response :
Prognosis disease evolution

Early
diagnosis

Ciberonc

Wan J . C M . et al (2017) Nat Rev Can cer Centro de Investigacion Biomédica en Red
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Liquid biopsy

CtDNA across tumor stages

Stage |l

Locally advanced
(early)

Stage O Stage |

Carcioma in situ Localized

2 mc/ml

mc:mutant copy

Bettegowda, C. et al. Detection of circulating tumor DNA in early- and late-stage
human malignancies. Sci. Transl Med. 6, 224ra24 (2014).

Stage Il Stage IV

Locally advanced Metastatic
(late)
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Liquid biopsy

Methods

Table 1| Comparison and utility of technology platforms for circulating tumour DNA analysis

Scale of
analysis

Single-locus
or
multiplexed
assays

Targeted
sequencing
approaches

Genome-wide

Example
technologies

Microfluidic or
allele-specific PCR:

° D|g|tal PCR28,101,103,194
* BEAMing?®3°

e Intplex>1%

Enrichment for mutant

alleles:

e COLD-PCR?108
o SCODAL05:106

e NaME-PrO’

Allele-specific or
ARMS-PCR kits

for companion
diagnostics:

* Cobas EGFR*

e Therascreen EGFR%

Amplicon-based:

° TAm-Seg**

¢ Enhanced
TAm-Seq'"’

e Safe-SeqS™®

Hybrid capture:

* Exome sequencing®

e CAPP-Seq01*

¢ Digital
sequencing

WGS:

° Plasma-Seqg*®
* PARE®’

111,118,185

Amplicon-based:
® FAST-SeqS*®
°* mFAST-SeqS!'"°

Loci interrogated

Microfluidic or

allele-specific PCR:

¢ 1-10 loci

¢ Both ctDNA and cfDNA
(Intplex)

Enrichment for mutant
alleles: 10-100 loci

¢ Cobas EGFR: 7 mutation
assays covering multiple
variants

e Therascreen EGFR:
3 mutation assays
covering multiple
variants

10 kb to 50 Mb

® 3.2 Gb (whole genome)
* 21.6 kb unique to
LINE-1 (REF. 184)

Indicative limit of detection
(mutant allele fraction or
concentration)

Varies by method, optimal
implementations can reach
sensitivity of 0.001%—-0.01% or
individual mutant copies per
miui“tre30,122,243,244

Stated limit of detection (=95%

sensitivity):

* Cobas EGFR: 25-100 copies per
millilitre®

e Therascreen EGFR: median 1.42%
(range 0.05%-12.47% for different
variants)®®

® <0.01%-0.50% for purpose-built
panels34‘111.114‘115.117

* 1% for off-the-shelf multiplexed
panels**'?
* 5% for exome sequencing®

5%—10%

Clinical utility

¢ Detecting and quantifying
recurrent hot-spot mutations

* Monitoring for recurrent resistance
mutations

e Rapid turnaround time

Approved for in vitro diagnostic use:

® Cobas EGFR: FDA approved
e Therascreen EGFR: CE marked

* Profiling gene panels

* Monitoring for de novo resistance
mutations

* Monitoring clonal evolution in
response to therapy

e Sensitivity for disease burden can
be increased by testing multiple loci
in parallel (FIC. 4)

e [dentifying structural variants

e Stratifying patient samples on the
basis of disease burden

* Detecting the presence of
chromosomal aberrations

ARMS, amplification-refractory mutation system; BEAMing, beads, emulsion, amplification and magnetics; CAPP-Seq, cancer personalized profiling by deep
sequencing; CE, Conformité Européene (European Conformity); cfDNA, cell-free DNA; ctDNA, circulating tumour DNA; COLD-PCR, co-amplification at lower
denaturation temperature PCR; EGFR, epidermal growth factor receptor; FAST-SeqsS, fast aneuploidy screening test-sequencing system; FDA, US Food and Drug
Administration; LINE-1, long interspersed nucleotide element 1; mFAST-SeqS, modified FAST-SeqS; NaME-PrO, nuclease-assisted minor-allele enrichment with
probe-overlap; PARE, personalized analysis of rearranged ends; Plasma-Seq, plasma sequencing; Safe-Seq$, safe sequencing system; SCODA, synchronous
coefficient of drag alteration; TAm-Seq, tagged amplicon deep sequencing; WGS, whole-genome sequencing.

—

0,001

0,01

0,1

1 10

% mutant copies

Cl

Centro de Investigacion Biomédica en Red

Known mutations
0.001%-0.01% mutant copies
1 mutant copy /ml

Panel of genes

0.01%-5% mutant copies

Whole genome

5%-10% mutant copies

66 ’ 0 n‘ 5 % MINISTERIO
J "q DE ECONOMIA
Y COMPETITIVIDAD

Instituto
de Salud
Carlos|ll

B\

Cancer



Liquid biopsy

Early diagnosis

(N
a
/ ~
“ ¢ o Aiming for sensitivities > 1 mc/ml (0.001%) by
Improving:
« Technology
e Sources

o Biological relevance of TP53, KRAS or Notch
mutations?

Martincorena, I. et al. High burden and pervasive positive selection of somatic 66 ronc t- MINISTERIO
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Liquid biopsy

Molecular profiling: biopsy versus liquid biopsy

Qian, X. et al. Circulating cell-free DNA has a high degree of specificity to detect exon
19 deletions and the single-point substitution mutation LL858R in non- small ceth lung
cancer. Oncotarget 7, 29154-29165 (2016)

Douillard, J.-Y. et al. First-line gefitinib in Caucasian EGFR mutation-positive NSCLC
patients: a phase-1V, open-label, single-arm study. Br. J. Cancer 110, 55-62/(2014).

Mok, T. S. et al. Osimertinib or platinum—pemetrexed in EGFR T{790M-positive|lung
cancer. N. Engl. J. Med. http://dx.doi.org/10.1056/NEJM0al1612674 (2016).

L790M

' 4

60-90% concordance
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Liquid biopsy

Selection by treatment
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Liquid biopsy

ctDNA to monitor response, clonal evolution and resistance
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Liquid biopsy

Future directions

‘l" * Mechanisms of ctDNA generation. Do all clones
‘QB produce the same levels of DNA?
%% « DNA-binding proteins

5  Integration with other circulating NA (mIRNAS)

« (Gene expression patterns

* Epigenetics
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Liquid biopsy

Epigenetics in liquid biopsy

NH, NH,
DNA methylation
y = NZ CH,
/ I > |
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. 5-Methyl-Cytidine
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https://doi.org/10.1038/s41586-018-0703-0

Sensitive tumour detection and classification using
plasma cell-free DNA methylomes

Shu Yi Shen™'?, Rajat Singhania'?, Gordon Fehringer®!2, Ankur Chakravarthy"!?, Michael H. A. Roehrl"%4, Dianne Chadwick!,
Philip C. Zuzarte®, Ayelet Borgida?, Ting Ting Wang"4, Tiantian Li!, Olena Kis', Zhen Zhao!, Anna Spreafico!, Tiago da Silva Medina®,
Yadon Wang!, David Roulois"®, Ilias Ettayebi®*4, Zhuo Chen!, Signy Chow!, Tracy Murphy', Andrea Arruda’, Grainne M. O’Kane',
Jessica Liu*, Mark Mansour#, John D. McPherson’, Catherine O’Brien!, Natasha Leighl!, Philippe L. Bedard!, Neil Fleshner!,
Geoffrey Liu*8, Mark D. Minden!, Steven Gallinger®'°, Anna Goldenberg!!, Trevor J. Pugh'#, Michael M. Hoffman®*1,

Scott V. Bratmanb*, Rayjean J. Hung®%* & Daniel D. De Carvalho#*

T Increased epigenetic modification

1 Decreased epigenetic modification
96@

Cl 6 eronc fﬁ"

: Y COMPETITIVIDAD

Centro de Investigacion Biomédica en Red
Cancer



m FUNDACION
| RAMON ARECES

Genomic Medicine

Outline:

 CIBERONC.

6 6 ronc .t SaEE

\ Y COMPETITIVIDAD

aaaaa



CIBER

[Centre for Network Biomedical Research )

Bioengineering, Biomaterials and Nanomedicine Ciber-bbn

éibercy
ciberdem
ciberehid
ciberer
Ciberes
ciberesp
Etberfes
Eiberobn

631’

\ J
Stable Infrastructure

Ciberonc

Centro de Investigacion Biomédic.
Céncer

MINISTERIO
DE ECONOMIA
Y COMPETITIVIDAD

ttttttttt



CIBERONC. Centers

50 Grou PS G o

Valdemlla ClIC[lE=m
: IDIVAL bIOG U N E /_L

e s e
o%% cima

X Clinica _
¢ .F Universidad
WY de Navarra
ik

i

2

38 Centers

HOSPITAL
L] 1T
B SALANMANCA

.

)
mnémla
Institut de Recerco Biomédica

olco |/'f'”0 YoiBEL S

533 Members

Idl IDuBAPs % tlEreEEcEc"a
!il ‘ Institet
' e
34 Collaborators o e @
r!ﬂ};.r‘"d::(r:s " il f' \NVEST\GA(\(]NSAMIAR\A
S M g Y e Ty
In: u nve n r/
8 1 taff o d:%s:f;:ccmo INCLIVA

FIIIIIIM:IQ Imstituto de Investigatidn Sanitaria

uuuuuuuuuu
aaaaaaa

ht

701 Researchers

IMIBIC

I

Vir.gc-‘n del Rnéin

SV o
Ciberonc

Centro de Investigacion Biomédica en Red
Cancer

MINISTERIO
DE ECONOMIA
Y COMPETITIVIDAD

Instituto
de Salud
Carloslll



Centro de Investigac d

o000
Clberonc EENE=usm’!
g 'Q DE CIENCIA, INNOVACION Instituto
ion Biomédica en Red =

= Y UNIVERSIDADES de Salud
Carlos|ll

CIBERONC. Scientific Structure
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Epidemiology
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CIBERONC — Work modules

Liquid Biopsy & Biomarkers

Rodrigo Toledo
Vall d’'Hebron Instituto de Oncologia

Cancer Bioinformatics & Omics

Victor Quesada
Universidad de Oviedo




Prediction of response to immunotherapy

The NEW ENGLAND JOURNAL of MEDICINE

‘ ORIGINAL ARTICLE

Nivolumab plus Ipilimumab in Lung Cancer
with a High Tumor Mutational Burden

M.D. Hellmann, T.-E. Ciuleanu, A. Pluzanski, J.S. Lee, G.A. Otterson,
C. Audigier-Valette, E. Minenza, H. Linardou, S. Burgers, P. Salman, H. Borghaei,
- AI M S " S.S. Ramalingam, J. Brahmer, M. Reck, K.J. O'Byrne, W.). Geese, G. Green,
" H. Chang, J. Szustakowski, P. Bhagavatheeswaran, D. Healey, Y. Fu, F. Nathan,
and L. Paz-Ares

To develop a customized blood-based tumor mutation burden assay to
predict the response to Immunotherapy.

Our ultimate goal is to develop a specific bTMB assay for different tumour

types.
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Cloud-based collaboration platform
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Genomic medicine at CIBERONC
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