Omics in modern oncology:

Methods and general applications

Giampaolo Tortora

Professor of Medical Oncology
Director, Medical Oncology and Comprehensive Cancer Center

School of Medicine, Catholic University and
Fondazione Policlinico Universitario Gemelli - IRCCS,
Rome

A UNIVERSITA Comprehensive . <
Y=F) CATTOLICA (CC) Cancer Center Gemelli
FRIRABERNE e

ino Gemell IRCCS



Omics in Cancer
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Advantages of Whole Genome Sequencing

Re-arrangements and Copy number variations

Non-human
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Sequencing data can be
mapped and reanalysed at SNV CNV SV

a later stage Single Nucleotide Variant  Copy Number Variant Structural Variant

Staaf et al. Nature Medicine 2019; 25:1526
Meyerson, Nature Reviews Genetics 2010; 11:685



WGS initiatives Worldwide

Theinternational journal of science/ 6 February 2020
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Cancer arm launched in 2014
N=2’658 cancers Berner et al. Current Genetic Medicine Reports 2019; 7:136
38 types of cancer

Turnbull C. Ann Oncol 2018; 29:784

PLUNGING COSTS OF SEQUENCING

Since 2008, new sequencing technologies have driven the costs
of DNA sequencing down faster than the rapid improvement in
microprocessor power represented by Moore's Law.

Cost per raw megabase of DNA
sequence (US dollars)
o
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Breast Cancer Intrinsic Subtypes :Diagnosis and Prognosis
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 luminal A-like : ER+ low proliferat. (k67<20%)

* luminal B-like : ER+, high proliferat. (d67>30%)
* HER2 negative
* HER2 positive

* HER2 enriched : ER/PR-; HER2+
 Basal-like : ER/PR/HER2 — (TNBC)
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WGS in 442 metastatic BC

Mutational Signatures in BC

Angus et al. Nature Genetics 2019; 51:1450
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Subtypes of pancreatic cancer: Classifying by structural variation
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Responses to platinum therapy
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PARP inhibition is
effective in
germline BRCA 1/2
mutant tumors

Phase lll POLO study: Olaparib after platinum
therapy in BRCA mutant patients
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In the setting of deficient BRCA1/2,
PARP inhibition causes deficient DNA
repair and cell death.
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Clinical utility HRD deficiency in BC
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Talazoparib in deleterious mutation in
HR pathway gene (somatic and
germline) other than BRCA1 or BRCA2

Response Rate, n (%)

Best Response
P Efficacy Evaluable (N=13)

0 (0%)
4 (31%)
6 (46%)
3 (23%)

Complete Response (CR)
Partial Response (PR)
Stable Disease (SD)
Progressive Disease (PD)

ORR (CR+PR)
CBR (CR+PR+SD > 6 months)

4 (31%)
7 (54%)

Gruber et al. ] Clin Oncol.2019;37(suppl 15; abstr 3006)



PanCancer analysis identifies predisposing germline variants

Cell

Pathogenic Germline Variants in 10,389 Adult
Cancers

Graphical Abstract Authors

Kuan-lin Huang, R. Jay Mashl, Yige Wy, ...,
' Sharon E. Plon, Feng Chen, Li Ding

» 10,389 cases in 33 cancer types
* 1.46bn germline variant calls
*» 871 predisposition variants

(truncation, missense, CNV)

8% carriers| Correspondence

fchen@wustl.edu (F.C.),
Iding@wustl.edu (L.D.)

In Brief
5 i A pan-cancer analysis identifies
Q\. ! l'\\(\ hundreds of predisposing germline
variants.
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Compared classification from PDAC profiling studies
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‘ Prospective Clinical Data Collection/ 8 weekly CT Scan/Repeat Biopsy at Progression

Standard k
15t Line Chemo

P (MFOLFIRINOX/
GEM-nab-Paclitaxel)

PDO? ’

The COMPASS
study design

Plasma/serum sampling for circulating biomarkers
Stroma analysis ( separate study)

Secondary endpoints:
Correlate genomic subgroups including COSMIC signatures/novel

genomic subgroups (eg unstable >200 SV) - with survival
RNA classifiers and GATA6 with survival

Lack of GATAG correlates with basal-like subtype
and worse response to mFOLFIRINOX

+ GATAG6 expression (RNA) is highly
related to Moffitt subtype
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MMR and HDR in PDAC
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1% PDAC with MMR
IHC was the most accurate method to

define MMR
ORR to pembrolizumab was 62% (5/8)

Lee al Science 2017

Homologous Recombination
and DDR mutations increase
immunogenicity



Whole-genome and transcriptome analysis

enhances precision cancer treatment options

Frequently informative genes and genome signatures
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Samples from 570 patients with advanced
or metastatic cancer of diverse types
underwent WGTA.

Clinically actionable targets were
identified for 83% of patients; 37% of
them received WGTA informed
treatments.

RNA expression data were particularly
informative

46% of treated patients experienced
positive clinical benefit.

Pleasance et al., Annals of Oncology 2022



Multiomics in Cancer

» While a single type of omics can
provide a significant amount of
information at a specific level, the
complexity of intra and
extracellular mechanisms can
only be addressed by combining
several omics approaches to
provide a complete picture of
cancer pathogenesis and
progression

With Multiomics (the combined
use of genomics, transcriptomics,
proteomics, metabolomics, and
other technologies yet to fully
unfold) we can obtain a complete
dynamic vision of cancer.

CNV, LOH, SNP, Hi sgxmim?é = mRNA, Gene Protein expression, Small molecules
Rare variants, TF bindin i expression, Post-translational (biomarkers) profiling
Genomic Chrom ati% Alternative splicing, maodification, cytokine in blood, serum,
rearrangements accessibility non-coding RNA array urine, CSF, etc.
Genome Epigenome Transcriptome Proteome Metabolome
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Feature Selection & Engineering
Regression-Based Joint Modeling
Matching Patterns of eQTL and GWAS
Clustering
Dimensionality Reduction
Matrix Factorization
Deep Neural Networks
Data Visualization

Multi-Omics
Data
Analysis

Personalised Drug Prescription and
Dosing Control
Disease Detection and Classification
Disease Survival Prediction
Gene Regulation Discovery
Molecular Mechanism Discovery
Biomarkers Identification
Industrial Control of Cell Cultures

[ Biological Insights ]




Multiomics data are increasingly being bined with spatial i

SINGLE-CELL ANAI.YSIS
ENTERS THE MULTIOMICS AGE

Arapidly growing collection of software tools is helping researchers
to analyse multiple huge ‘-omics’ data sets. By Jeffrey M. Perkel

In-bulk multiomics provide a deep insight into cancer biology, but there
are still some limitations and bias with this technology, such as tumor
heterogeneity, tumor stroma contamination.

These problems may be overcome with new multiomics single-cell
methods, able to study the different tumor cell populations

Today is possible to combine single-cell gene expression with single-cell:
+ Genomics
» Surface Proteomics

DNA methylation

ATAC-seq

TCR profiling

Antigen Specificity

Recently, also spatial transcriptomics methods were developed to map
cancer transcriptome on the tissue

Single Cell DNA sequencing: Fresh tissue or frozen and FFPE*
Single Cell RNA sequencing: Fresh tissue

DR-seq
@ G&T-seq

5 SIDR
[ TARGET-seq
Oe scTrio-seq
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Association of genomic
alterations and

gene expression Transcri ptome

Proteome

spatial transcriptomics



The Cancer Surfaceome Atlas integrates genomic,
functional and drug response data to identify

actionable targets
TCGA cancer types
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Annals of Oncology 0:1-8, 2018
doi:10.1093/annonc/mdy263

SPECIAL ARTICLE

A framework to rank genomic alterations as targets
for cancer precision medicine: the ESMO Scale for
Clinical Actionability of molecular Targets (ESCAT)

J. Mateo', D. Chakravarty?, R. Dienstmann’, S. Jezdic®, A. Gonzalez-Perez*, N. Lopez-Bigas*®,
C.K.Y.Ng®,P. L. Bedard’, G. Tortora®®, J. -Y. Douillard®, E. M. Van Allen'®, N. Schultz?, C. Swanton'",

F. André'?* & L. Pusztai'®

Readiness for use in clinical
practice

Current examples of genomic
alterations

Tier I (I-A, I-B, I-C) Targets ready for HER2 in breast cancer
implementation in routine BRCA1/2 in ovarian and breast
clinical decisions cancer

EGFR, ROS1/ALK in NSCLC
TRK, PD1 in multiple cancers
BRAF in metastatic melanoma

Tier Il (II-A, 1I-B) Investigational targets likely to | PTEN pathway (PIK3CA,
define patients who benefit AKT1)
from a targeted drug, but
additional data needed

Tier II (I11-A, 11I-B) Clinical benefit previously BRAF in non-melanoma
demonstrated in other tumour | cancers
type or for similar molecular PALB2 and other non-BRCA
targets DNA repair mutations

Tier IV (IVA, IVB) Preclinical evidence of Hypothetical targets for future
actionability clinical testing

Tier V Evidence supporting co- PIK3CA in ER+, HER- breast
targeting approaches cancer

Tier X Lack of evidence for

actionability




REVIEW ARTICLE

Recommendations for the use of next-generation sequencing (NGS) for
patients with metastatic cancers: a report from the ESMO Precision
Medicine Working Group

F. Mosele®, J. Remon?, J. Mateo®, C. B. Westphalen“, F. Barlesi’, M. P. Lolkema®, N. Normanno®, A. Scarpa7, M. Robson®,

F. Meric-Bernstam®, N. Wagle'®, A. Stenzinger'’, J. Bonastre'>*?, A, Bayle''%*3, S. Michiels'>*3, I. Bieche'®, E. Rouleau®®,
S. Jezdic’®, J-Y. Douillard"®, J. S. Reis-Filho'’, R. Dienstmann'® & F. André®192°"

Table 10. List of genomic alterations level I/11/1ll according to ESCAT in
advanced cholanEiocarcinoma !CC)
Gene Alteration Prevalence ESCAT References
IDH1 Mutations 20% 1A Abou-Alfa G. K, et al. Ann
Oncol. 2019*%*°
FGFR2 Fusions 15% 1B Vogel A, et al. Ann Oncol.
2019"%°
MSI-H 2% IC Marabelle A, et al. J Clin
Oncol. 2020
NTRK Fusions 2% IC Doebele RC, et al. Lancet
Oncol. 2020°°
BRAFV®%¢ Mutations 5% 1B Wainberg Z, et al. J Clin Oncol.
2019"*
ERBB2 Amplifications 10% INA  Javle MM, et al. J Clin Oncol.
Mutations 2% 2017*%*
PIK3CA  Hotspot 7% IIA- André F, et al. N Engl J Med.
mutations 201977
BRCA 1/2 Mutations 3% 1A De Bono J, et al. N Engl J Med.
20207°
MET Amplifications 2% IIIA Camidge D, et al. J Clin Oncol.
2018”7

ESCAT, ESMO Scale for Clinical Actionability of molecular Targets (I-IV levels)

The ESMO Precision Medicine WG recommended for CCA a
targeted multigene NGS-based genomic profiling for the
detection of ESCAT level | actionable alterations (improved
outcomes in clinical trial), such as:

IDH1 mutations, FGFR2 and NTRK fusions and MSI-H.

In US: FoundationOne CDx, an assay targeting up to 324
genes, was recently approved as a companion diagnostic
test for pemigatinib therapy in patients with CCA with
FGFR2 fusions or other rearrangements.

Mosele et al, Ann Oncology 2020



The FPG500 Project : Tecnologies and criteria

B Gemelli ®

Sondasions Pobchnico Universiaro Agostno GemeliIRCES
Ui cotabca gl Sces Cunre

FPG500
PROGRAMMA

ssita dello scenar
cologia mutazionale af

DI PROFILAZIONE LI BRDI  cua  mwn7sA  GATAS  IGFI  MAPIKIS  NOTCHi  POLE  RPTOR  TAFI Tumor type Target

ndibile | G EN o MI C A ABL2 BRIP1 CXCR4. FAM46C GENT IGFIR MAP3K14 NPMT PPARG RUNXT TBX3
aomi Brer  onb  mwoa  aps iz wapaks [NRAS| pewio  RuwxiTi ToEsl
DEI TUMORI soms e o mweo  an ke e |NRGLL| mrmiA  mep  Tom Breast PIK3CA
ari Criomo oouwil  mwcor  Gval ieri wams NsDi peroRa soma Tz
Wiz cur  oom  mwce  owus w0 max Nk peec  somaz  TERG
s oapn ooxi mawor  ava WA mou nmke  powi soms et
allavanguardia, ¢ ALOX128 carB DICERT FANCI GPRIZ4 INHBA MDM2 NUP93  PRKARIA  SDHD TET2 Lu n g E G F R
profilazioni genomiche avorion o5 mwol o s wova | wmei P serer e
Jmore, € ANKRD26 CCND1 DNAJB1 FAS GREM1 INPP4B MED12 PAK1T PRKDC SETD2 TFRC
o cmwe  owm mr omes  onen e s mess o 7o ALK
Indel " CoND3 | OwMTIA  FBXW7  GAMS e MENT Pak;  PTOHI  sweBs  TGreRz
A ; . el e EE . KW ROS1
; sl coes o rerio | mesa RSt moa pame  Pwn swor  TweRsse
7= - SNV ARIDIA cp276 E2F3 FGFI4 HaFaB RS2 e PARPT PTPRD su2 TNFAIP3 B R A F
. : wois  cor  mp | Rame | mmc  uwi wun paa pRs s s
CONTATTI 5| woe  cora  eor7 | Fare Har sz pmn Paxs  preAT swape  ToP
B esoosrtngms i\ wvss coms | EGR | R msTG  uws  wums P o0 swas  Torea NTRK
y CNV > a1 coors  mrax | o msTieap  un mRL Pos  mes s e
B 1039 ASXLZ CDH1 EIF4A2. FGF4 HIST1H3A KAT6A MRET1A PBRM1 RACT SMARCA4 P63 R E T
D spor y ATM CDK12 EIF4E FGF5 HIST1H3B KDMSA MSH2 PDCD1 RAD21 SMARCB1 TRAF2
9 g sive MSI am [TCoke| ewa | FGFS | HSTINC  KOMSG  MsHs  PDCDILGZ  RADSO  SMARGDI | TRAF7
e . wx | ooke | oo | FGR7 | MSTIHGD  KosA  msrs | PDGRRA | mADs1  SvGIA  TSG1 Ova ry BRCA 1 / 2
s coks  moaw | Fars | msTiE  Kkon  wsTi | poams | maosis sves  Tsc
T M B @ AURKB CDKN1A EPHA3 FGF9 HISTIH3F KEAPT MSTIR PDK1 RADS1C SMO TSHR
AXNT COKNIB  EPHAS FGFR1  HISTIHIG KeL MTOR PDPK1  RADSID  SNCAIP UzAF1 B RC A 1 / 2
N W R Pancreas
w0 coxnes  ere1 | roRms | msTingl | KT we P mosi sodo v
sv cowec | mmse rors | mstima ke o eows | mel | soar  viow NTRK

BaP1 == ERBB3 FH HIST2H3A  KLHLE MYCL1  PIK3C2B  RANBP2 soxz wisP3

. . BARDI  GENPA  ERBB4  FLON  HISTHIC  KMTZB  MYON | PKIC2G  RARA soxs wri P BRCA 1 / 2

° M icro I a b STA R_ H ami Ito n fo r au to m ate d B88C3 croz | ERGG A1 HSTZHMSBD  KMTZC  Mwss  PKaC3  RASAI | SPEN xap rostate
sotio  omps | mRoce ATt mstous kb wmvopr | pKsoA | mer srop xpor
. . . oz [GHE| erocs A maa [ Keas | wase | pKas | Fowio  sea xacoz Melanoma BRAF

I I b ra r re a rat I 0 n a n d I I | u m I n a TM BcLaL1 CHEK2 ERCC4 FLT4 HLA-B LAMP1 NBN PIK3CD RECQL4 SRC YAP1

soiziz  crems A Fouz  mweiA Larse  noom  pkem | AR smer ez GIST c-kit

N 6 0 O O f H BOL6 CRKL ERAFIT Fox01 HNANPK Lmo1 NEGRT PIK3R2 RAWD2 sTAG2 ZBTB7A

ovaseq or sequencing. SOCL oo oo e e

scom1  csFin et Fmse  meas o e Pmi mHoa  smr aweerr PDGFRa

BCR GsF3R Evi FUBP1 HSD3B1 LzTR1 NFEZLZ PLCGZ RICTOR  STAToA 2ZNF703
BIRC3  CSNKIAT ETva B HSPO0AAT  MAGI2 NFKBIA PLK2 AT1 STATSS ZRsA2

* Profili ng pe rformed by TruS|g ht Onc0|ogy RNA mw oo s s como wan mwer mum s s ol al CRAS
. . R oo mven oime i taead Moo s s o olorecta
500 high throughput (TSO500HT, lllumina) L R R e T NRAS

BRCAZ CUL3  FAMI238  GATA4 IFNGR1  MAP3KI  NOTCH3  POLDI  RPS6KB2 svk

(DNA or RNA > 40 ng). Fusione BRAF

ABL1 BCL2 CSFIR ESR1 EWSR1 FLt KIF5B MSH2 NRG1 PAX7 RAF1 NTR K
; AKT3 BRAF EGFR ETS1 FGFR1 FLT1 KIT MYC NTRK1 PDGFRA RET

» Samples below the required quantity for s o WM e e~ | GG RET

TSOSOOHT’ undergo Oncomine FOCUS assay AL CDK4 ERG ETV5 FGFRA KDR MLLT3  NOTCH3 PAX3 PPARG  TMPRSS2 Endometrlum POLE

Variante

(Thermofisher) for DNA and Archer’s di splicing
FusionPlex Lung panel for RNA evaluation.

FPG500 profiling of 1057 pts at Oct 14, 2022



