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Timeline of major achievements in sequencing
technologies

Sequencing of 70 whole cancer

First whole cancer genomes or exomes
exomes sequenced

o
TCGA pilot project Whole exome sequencing of
launched circulating cell free tumor
o DNA from six cancer patients

Somatic genomic landscape
from cfDNA from over
15.000 patients presented

Publication of Sanger
sequecing method

Publication of the first
NGS methods

PCR technique

development Human Genome Project

Morganti et al. (2019) P5 eHealth: An Agenda for the Health Technologies of the Future pp 125-154



Timeline of major achievements in clinical
applications

Extracellular

= Lo i Angiogenesis Metastasis
S 3

Surgery .‘ ~ Chemotherapy
1846 1946

Immunotherapy
2010

1901 1997
Radio-therapy Targeted Therapy

Modified by Venizelos, ECPC, Brussels (2015)



What’s so “Next Generation” about it?

First Generation Second Generation

(Next Generation Sequencing)

@y 5o

Sanger Sequencing 454, Solexa,
Maxam and Gilbert lon Torrent
Sanger Chain-termination llumina
120 130
. o = Infer nucleotide identity using dNTPs = High throughput from the parallelization of
then visualize with electrophoresis sequencing reactions
= 500-1000 bp fragments = ~50-500 bp fragments
N\ J/
f, %

Short-read sequencing




NGS follow a general sequencing workflow
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NGS technologies

Roche lon Torrent Oxford-Nanopore
“454 | Pyroseq.” ‘PGM” “MinlON”

DNA
polymerase

nucleotides
— well \ §
. ) or e
< ————— i0N-sensing layer
EIEEEEEEER .
S electronics layer

Nk Run Conditions

Light + 0xy Luciferin

Luciferase lon-sensing (pH) Single Molecule, Real-Time |



Market leader: lllumina Solexa technology

T

s 4200

LSS
. . NovaSeq
MiSeq Hiseq i
(«Personal» sequencer) (Intermediate) (Mass production of seq. data)
_mm
Reads (millions) 3000 13,000

Gigabases/day 7 500 4000




NGS methods in Cancer

DNA Sequencing

1 (SNVs,CNAs, InDels,SV)

g

Genomics

* DNA methylation

» Histone Modification
 DNA - protein interactions

Epigenomics




Sequencing for genetic biomarkers

Targeted
Primarily research focused Primarily clinical used
Whole Genome / Exome Selected Genes / Targeted Enrichment
»  Well suited for discovery applications * Ideal for well-defined use cases
* Unbiased approach (WGS) — * Higher coverage of regions of interest
extensive information * Deeper sequencing improve

* Greater breadth of information is sensitivity of calling rare variants / |
sampled at lower coverage which can
limit detection sensitivity




NGS sequencing workflow
(Illumina)

Library Prep
+/-Target Sequencing
Enrichment

DNA
Extraction

=
'.\, . _

Clinical Report Interpretation Alignment

Variant Calling

1t Phase: 2"dPhase: 3 Phase: 4th Phase:
Pathology / Wet Lab On the sequencer  The Bioinformatics Interpretation
Pipeline and Clinical Reporting




Sequencing by Synthesis

Genomic DNA lllumina
AN
apply to flowcell
shesr ¢ select ~ 200-300bp
— = fragments cluster generation by solid
= phase PCR

== _ | (bridge amplification)

attach adapters to create
sequencing library
sequencing by synthesis with reversible terminators

| ‘:?q‘:?f%_

https://www.illumina.com/



Bioinformatics pipeline

{ Whole Whole

U Genome Exome

\ R — l
p— Seq:‘:nc Mapping Qc

] t e Reads '
ww Bcl, fastq files v '

https://genome-hubcam.wordpress.com/

| Local Realignment |

::

Varlant Detection {

Aligne Reads

InDel Detection

CNV Detection

F—
Data Storage &

Pathway Gene Network Visualization
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Possibilities of NGS in Cancer
Diagnosis




Biomarkers in Cancer

Non-NGS Biomarkers for diagnosis Potential NGS based Biomarkers for diagnosis
« PSA (Prostate cancer) « CTCs, ctDNA
« CEA (Colorectal cancer) « Mutational Signatures

« Endocrine markers (synaptophysin,
chromogranin)

* Proliferation markers (Ki-67)




Liquid Biopsies

Classification

Liquid Biopsy CtDNA
Components - Collected from plasma
-Stable when frozen
Metastasis - Easily purified
( 2 CLONA -Molecular info from
\ tumour
CTC
P cTe
' Circulating RNA - Collected from buffy coat]
Primary Tumor Exosomes - Viable cells contain
Circulating Proteins LicIones: IVl N Sl
- Can grow ex vivo
| Tumor Educated Platelets - Less stable after freezingl

De Michino et.al.; International Journal of Radiation Oncology Biology Physics (2020)



Accuracy of predictor (?»;,)

Liquid Biopsies

100%

80%

40%

20%

Colorectum

Ovary

Pancreas Breast Upper GI

Top Prediction . Top 2 Predictions

Cohen et.al.; Science (2018)

rly Diagnosis of Primary Disease?

1005 individuals with non
metastatic cancer

CancerSEEK panel
16 cancer-related genes from ctDNA

Median sensitivity 70% and
Specificity over >99%




Liquid Biopsies
Early Detection of Relapse?

Disease-free survival Overall survival

w4
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e e
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No. of CTCs before CT 4
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Maoath Month
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CTC neg.: n = 1963 1962 1746 1657 1556 1440 1214 ala 403 9 CTC neg:n= 1963 1962 1747 1671 1583 1567 1239 937 419 T4

2026 women with early breast cancer
(EBC)

Rack et.al.; JNCI (2014)



High Grade Neuroendocrine Neoplasms (NENSs)

G1 G2 G3
L | )
( |[ a3 High Grade NENs
(
NET/
NEC l l
Neuroendocrine Neuroendocrine
Tumors G3 Carcinomas
(NET-G3) NEC

0 10 20 30 40 50 60 70 80 90

100

Ki-67%

Sorbye et al., Endocrinol Metab Clin North Am. (2018)



Carcinoma of Unknown Primary Site (CUP)

100+ Origo-inserta 150 CUP cohort
% 30% of cases with
2 o targetable mut.
£ ol " 10% received a drug
0 IIII | ||"I.-I I |l||'ll-l |‘I|I|II.-.I-|I|"|.I|I ' |I||I||“||I|.I|l| R .l..u|l-|l||.l|-.-..'n.. nllllnlil.u.. (TR PR TR '™
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KRAS w» s O Jressemananeasan Ere—l
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STK11 1 R [ 3 o= . o
RB1ss] = CHEC . T | f |
GRINZA .. . . . . L | " [s=={
PTPRD = = » . . . w] O | [ ]
TERT) = | s * l " = . = - =
BRAF . RN . w . L [v=] ® Mutations
EPHAS i - R 0 = | SCNA
B, TR T, R O . TR
Mutations SCNAs Histology Smoking history Mutation signatures g 10 20 30 40 50 60 70
w Missense m Frameshift s Amplification = Adenocarcinoma = Cument/Former (>10 pack/years) = APOBEC
m Nonsense m Promoter  m Deletion m Carcinoma, NOS = Cumrent/Former (<10 pack/years) ™ Smoking
Splicing ™ Inframe * Neuroendocrine carcinoma ™ Never uv
Squamous cell carcinoma = Unknown No signature
Other

3 — 5% of all malignancies with dismal
prognosis (median OS of 9 months)

Massard et al. Nature Reviews Clinical Oncology (2011)
Varghese et.al. Annals of Oncology (2017)



Possibilities of NGS in Cancer
Therapy




NGS in Cancer Genomics
Types of Alterations in Different Cancer Types

Non-syn. Copy Alt, Allele- Alt. RNA
SNVs number  Expression promoter specific splicing fusion

Thy-AdenoCA

Lymph-CLL
anc-AdenoCA

IFzmph—BNHL

Biliary-AdenoCA
Kidney-RCC
Prost-AdenoCA
SoftTissue-Leiomyo
Bladder.TCC

— .S_k'n—Melanoma

PCAWG, Nature (2020)

Kidney-ChRCC
Head-SCC L
Uterus-AdenoCA

ColoRect-AdenoCA |
Lung-AdenoCA \ —d
CNS-Oligo -_‘ | |
Stomach-AdenoCA | ] | [

‘1.@ \@ ‘14&0 60 N \@ Q ‘000 Q ‘L& b‘@Q 9 0
Median numbers of DNA and RNA alterations




Non-smalil-cell lung cancer (NSCLC)

a Early stage

b Metastatic
FGFR1 or

FGFR1 or FGFRZ 0.7% -,
e HRAS 1.2%
Other genes NRAS 1.7%—\
FGFR? 2.6% 27.3% MAPZK1 0.7%
RIT1 1.6% ERBB2Z amplification 2.7%

Healthy Lung Lung Cancer HRAS 0.5% MET amplification 2.5%

NRAS 0.5%[ RET fusion 2.3% —;

MAP2K1 7.7%[_ - ROS1 fusion 1.9% —
ERBBZ ___
amplification 1.6%

ALK fusion 4.4% |
MET amplaﬁcationr.-, ”
1.7%

|
MET splice 3.0% -+
RET fusion 0.3% || | I_..«'
ROS1 fusion 0.9% ERBB2 3.8%
ALK fusion 0.8%

NF1 truncation 1.9%
MET ERBB2
splice 1.4% 1.8%

Data from TCGA (Sanchez-Vega et al.***, Ellrott et al.***and
Hoadley et al.**"), Imielinski et al.** and Kadara et al.** (n = 741)

Established targets: EGFR, ALK, ROS-1, BRAF

Emergent target: MET, RET, NTRK, HER2, PI3BKCA
Elusive targets: KRAS, TP53

Data from MSK-IMPACT (Jordan et al.*) and
FoundationOne (Frampton et al.™*) panels (n = 5262)

Treatment Options

EGFR-, BRAF- inhibitors
Swanton et.al.; Annals of Oncology (2016)
Skoulidis e.al.; Nature Reviews (2019)




The AURA 3 trial - NSCLC

164 Median 419 NSCLC patients with
é : No. of Progression-free oo
= Patients Survival T970M-pOSItIVG
2 08 mo (95% Cl)
g,‘—, Osimertinib Osimertinib 279 10.1 (8.3-12.3)
[ g 0.6+ Platinum-pemetrexed 140 4.4 (4.2-5.6)
£t
Z.‘m 0.4 Hazard ratio for disease progression
= or death, 0.30 (95% Cl, 0.23-0.41)
s P<0.001
] 0.2 )
a Platinum-pemetrexed
0.0 T T T T T 1
0 3 6 9 12 15 18 _ 2_79 o 140
Morith Osimiertinib Platinum
No. at Risk
Osimertinib 279 240 162 88 50 13 0
Platinum— 140 93 44 17 7 1 0
pemetrexed

Mok et al. New England Journal of Medicine (2017)




Metastatic Melanoma

Histology Evolutionary Model Mutation Signature
% <5% 1% 9 v“*‘“d\
=5 <5 1 <1% "
VBO0OR V600D L597V ! L597Q \w""&\ M
\ Y. L597R Benign nevus ,,\a\
V600G
K601E
= 10%-20% acoomulation o mmaaiions
V600K . (o8, BRAF VGOOE, NRAS)
Dysplastic nevus
|
Proliferation, invasion,
& accumulation of R
Melanoma additional mutations
‘ \
Metastatic melanoma i Y | ‘

Treatment Options
RAF- inhibitors

Cheng et.al.; Modern Pathology (2017)



Metastatic Melanoma - BRAF inhibitors

A Best Overall Response

125- Melanoma stage M1a 32 patlents W|th BRAF

100+ W Melanoma stage M1b

I Melanoma stage M1c mutatlons (V6OOE)

754
50

254

0-+ - an . e
Lo
=50+ f;hrreess::rl\ie .

according Tumor shrinkage by > 30%

% Change from Baseline

754 to RECIST

Flaherty et.al.; New England Journal of Medicine (2010)



Breast Cancers

Hormone

receptor +

65%-75%

Targeted Treatment
Endocrine Therapy

” N Anti-HER2 drugs
Her2+

All breast 15%-20

(o)
cancers /o

Bockstal et.al.; Molecular Oncology (2020)
Masoud and Pages; World J Clin Oncol. (2017)



Genes enriched for mutations in metastasis/relapse
Breast Cancer

Primary Metastasis

' 4

| ESR1 ™ . —— 100 [4.03, 1000] , o
SIATS 7 — 0510 [ 10D, BYU. fLETEVEr
ARID1B —— 871 (045, 514.85]) e . __
AKT1 —.— 439 [2.03 9.49] q <= 0.001
JAK2 — 4.36 [0.31, 60.54] w qesin
ARIDIA ** —— 4.04 [1.78, 9.04] » q<=01
BRCA1 * e 3.8 [1.04, 13.42]
NF1 — 325 (1.12, 9.04)
FOXA1 — 3.15 [0.78, 11.7]
TP53 ** ‘A 265 [1.85, 3.82]
PIK3R1 — 241 [0.72, 7.23)
PTEN e 1.78 [0.75, 3.93]
RUNX1 1.44 [0.03, 18.11]
NCOR1 —— 1.27 (045, 3.11]
TBX3 —— 1.24 [029, 4.02]
RB1 —_— 124 (029, 4.02]
ERBB2 — 124 [029, 4.02]
GATA3 - 097 (05, 1.77]
CDH1 - 0.96 [0.45, 1.87)
PIK3CA [} 0.89 [0.6, 1.29]
MAP2K4 —— 0.86 [0.21, 2.62)
MAP3K1 —- 0.79 [0.35, 1.61]
——

MLL3 063 [0.24, 1.44]

0.1 1 10 100 1000
Odds ratio

Yates, Knappskog et al. Cancer Cell (2017)



PALOMAS3 trial - metastatic Breast Cancer

Fulvestrant plus ~ Fulvestrant  Events (n)/ Fulvestrant plus Fulvestrant plus  Hazard ratio Ploteraction
palbociclib plus placebo patients palbociclib median  placebo median  (95% Cl)

(events[n]/ (events [n]/ progression-free  progression-free

patients) patients) survival (95%C1)  survival (95%CI)

Menopausal status at study entry 089
Premenopausal or perimenopausg 30/72 23136 53/108 — 9:5(7-4-NE) 56 (1-8-7-6) 050 (0-29-0-87)
Postmenopausal 151275 91138 206/413 E B 99(85110) 393555  0.45(034-059)

Site of metastatic disease 082
Visceral 101/206 76/105 1771311 N = 80(7:5-95) 35(2053)  047(034-063)
Non-visceral 44141 38/69 82/210 i 112 (9:9-NE) 56(46-109)  0-43(0-28-0.67)

Number of disease sites 043
1 36/111 29/60 65/171 e 11:2(99-NE) 93(55-NE)  055(034-0.90)

2 40/95 36/51 761146 —— 11:0 (7:5-NE) 36 (1.9-5:6) 0:37(0-24-0-59)
23 69/139 49/62 118/201 —l— 76 (7-4-9-5) 34(19-37) 0-40 (0-28-0-59)

Disease-free interval 016
24 months 24/41 15/22 39/63 e 72(25-92) 54(18-93)  083(0-43-159)
>24 months 77192 63/101 140/293 —— 99(93-112) 55(3573)  048(035-068)

Previous lines of endocrine therapy 075
1 63/160 58/91 121/251 e 95 (7-6-NE) 46(34-56)  042(0-29-0-60)

2 61/140 44/61 105/201 —— 99(7:5-139) 51(2872)  046(031-069)
23 21/47 12/22 33/69 e e 94 (7:5-NE) 3.9 (1-8-NE) 0.61(0:30-1-24)

Previous endocrine therapy 063
Aromatase inhibitor only 58/137 50/70 08207 —J— 95(7:6-13.9) 37(21-55)  039(0:27-057)
Tamoxifen only 18/51 10/23 28/74 —— 95 (7:5-NE) NE (1.7-NE) 0-61(0-28-133)
Aromatase inhibitor and tamoxife 69/159 54/81 123/240 —— 95(76-112) 42(3572)  050(035-071)

Sensitivity to previous hormonal thfapy 013
Yes 108/274 89/136  197/410 —.— 102(9-4-112) 42(3556)  042(032-056)

No 37173 25/38 62111 —a— 7:4(56-92) 54(19-74)  064(039-107)

The purpose of most recent therapy 039
Neoadjuvant or adjuvant treatmefft 34174 24/40 58/114 —— 95 (7:4-NE) 54(21-109)  055(032-0.92)
Metastatic treatment 11273 90/133 201/406 —.— 99(9:2-112) 39(35-56)  043(0:32-057)

Previous chemotherapy 022
Neoadjuvant or adjuvant treatmefitonly  59/139 4374 102/213 _._ 11.0 (7.6-NE) 56(35-93) 060 (0-40-0-88)
Metastatic treatment 53/113 47164 100/177 —— 77(57-95) 35(1:9-5-4) 043 (0-29-0-64)

None 33/95 24136 571131 ——f—— 108(9:5-NE) 54(3473)  031(018-053)

PIK3CA status 0-83
Positive 41/85 31/44 72/129 —a— 9-5(57-112) 3-6(1:9-5-6) 0-48(0:30-078)
Negative 71180 56/86 127/266 . 99(92-13.9) 46(3473)  045(031-0.64)

Overall 145/347 114/174 259/521 -.- 9-5(9-2-11-0) 46 (3-5-56) 046 (0-36-059)

T T T T J
0125 025 05 10 2§ 40 80
<« e
Favour Favolls
plus palbociclib plffs placebo
Cristofanilli et al. The Lancet Oncology (R016)




Biomarkers for Cancer Therapy

Homologous
recombination deficiency
(HRD)

/

HER2 ampilification /
Trastuzumab in BC
EGFR mut / EGFR TKI
in NSCLC
BRAF mut in melanoma

Morganti et al. (2019) P5 eHealth: An Agenda for the Health Technologies of the Future pp 125-154




Homologous Recombination Deficiency (HRD)
in Cancer Therapy

=
PARP inhibitors
Caa CaG T TaA T=C TG Gene A + GeneB —— Viable
§ = f‘,\ Signature 2
T
2 ol - GeneA  + GxB — Viable
Double-strand break Passenger mutations from
«\ acquired DNA repair deficiency L_‘x A . Gene B Viable
\ Cxh C>G C>T T>A T>C T=G
3 ‘ L,.s.' prame— G A + G B Lethal
Base pair mismatch i3
it
ot
i it il T Bt — . e
DNA repair pathway alterations = POL-Q
f =4
) Rad52
CxA Cc=G c=T T=h T=C T=G 3 N
176 3 TLS polymerase
i Signature § D
RN a ATM
18 il ||||||I 3
o R e e ittt g» APOBEC + ATR inhibitors
3

Inherited genetic alterations

o |
A~

| ~  Germline

Synthetic

> Somatic

Lethality

Jennifer Ma et.al.; Nature Communications (2018)



Homologous recombination deficiency (HRD)

in cancer therapy

3 0 2 pati e nts Subgroup Olaparib  Standard Therapy Hazard Ratio (L% ()]
no. of patients with events ftotal no. (%)

M etaStatI c B reast Ca ncer All patients 163/205 (79.5) 71797 (73.2) —— | 0,58 {0.43-0.80)

Previous chemotherapy for metastatic H

. . breast cancer |
germ“ne B RCA m utat|0n Yes 119146 (815) 51769 (73.9) —— ! 0.65 (0.47-0.9)
No 44(59 (74.6)  20/28 (714 — e — 0.56 {0.34-0.58)

Hormone-receptor status !
Hormone-receplor positive 82/103 (79.8) 31/45 (63.3) —_— — 0.82 (0.55-1.26)
Triple negative 81/102 (79.4) 40748 (83.3) —_— 0.43 {0.29-0.63)

Previous platinum-based therapy for breast cancer )
Yes 50/60 (83.3) 2126 (30.8) —_— 067 (0.41-1.14)
No 113/145 (77.9) 50471 (70.4) —_— 0.60 (0.43-0.84)

r Measurable disease E
Yes 139/165 (84.2)  56/72 (77.8) —— 0.58 (0.43-0.80)
; / ) /Ta rg eted Thera py No 24{40 (60.0)  15/25 (60.0) _— 0.57 (0.30-1.12)

1 Progressive disease at the time H

\% Ola pa ri b gof randornization E
4 Yes 127/159 (79.9)  53/73 (72.6) —e— 0.60 {0.43-0.83)
No 36/46 (783) 1824 (75.0) —_— 0.72 (0.41-130)

BRCA mutation type E
BRCAI 947114 (82.5) 4150 (82.0) —_— 0.54 (0.37-0.79)
BRCAZ 64/84 (762)  30/45 (66.7) —_— 0.68 (0.45-1.07)

Age !
<65 yr 1541194 (79.4) 6793 (72.0) : 0.66 (0.49-0.88)
=65 yr 9/11 (81.8) 4/4 (100.0) ¥ Not calculated

Region E
Asia 46/59 (78.0) 2128 (75.0) _— 0.57 (0.34-0.57)
Europe 77/97 (79.4) 3435 (75.6) —— 0.71 {0.48-1.08)
North America and South America 40749 (81.6) 16/24 (66.7) — ! 0.39 (0.22-0.73)

Race E
White 109/134 (813)  47/63 (74.6) —— 0.67 (0.48-0.95)
Other S4/71(76.1) 2434 (70.6) —_— 0.51 {0.32-0.85)

0.1'25 0.1'50 D.S‘w 1.0’( o 2.600
Olaparib Better Standard
Therapy
Better

Robson et.al.; New England Journal of Medicine (2017)



Homologous recombination deficiency (HRD)
in cancer therapy
PETREMAC TRIAL

HENNNNENNENNENEEEND INEEEEEEEEENEN Response to olaparib

32 TNBC patients and 360 arex " o

ATRX_a o 3 =
(_after %
gene panel srcA! " v -
BRCA1_after 0%
EMSY | 3% N
EMSY _after | | 3%
MEN1 m %
MEN1_after 0%
[ = PALE2 0%
. PALB2_after n 3% N
[ / Ta rg ete d T h era py . SETD2 | | 3% [
A J . ETD2_after 0%
¥, Olaparib monotherapy TN . o -
' gPALB2 ] 3%
gPALB2_after | | % N
gBACA1 M u o I
gBRCA1_after Il A | | 9% [N
gBRCA2 [ ] 3%
GBRCA2_after [ | 3% N
mNOTeONEeo NI Rer 2RI RERERRAY
* 0 Mutations/gene 3
o S —
Treatment na |Ve TN BC H R EEER | | | B | | | | HR mutations before olaparib
. Id d t 5 1 9 o) | B | | | | B | R | ] HR mutations after olaparib
/ | I | B | | [T | [ ] BB BRCAT methylation before olaparib
yl e e res po n Se ra e - o TTTTEE 1] T B ] L] I | Wl BRCAT methylation after olaparib
HEEEEEEEN N EEEEEE'H | ] BB HR mut andlor BRCA1 methylation**
| | HEN 'HN  'HEENR "'HEER B BRCAness signature**
EENEENANERN RN SRR RE R PAVS) subiype”
Type of M y g PAMS0 subtype Response to olaparib;-
m Missense mutation = CR
m Nonsense mutation m Yes W Luminal A = FR
m Frameshift deletion No W HER2-enriched = SD
m Frameshift insertion M Not assessed W Basal-like = PD

Eikesdal et.al.; Annals of Oncology (2020)



Biomarkers for Cancer Therapy
Homologous
recombination deficiency
(HRD)

/

HER2 ampilification /
Trastuzumab in BC
BCR-ABL / Imatinib
translocation in CML

EGFR mut / EGFR TKI
in NSCLC ' '
: Microsatellite
BRAF mut in melanoma Instability(MSI)

Morganti et al. (2019) P5 eHealth: An Agenda for the Health Technologies of the Future pp 125-154




Microsatellite
Instability (MSI) in Cancer Therapy

A = Clrgccainame 86 patients with MSI
S S evidence
B oo o 46% with Lynch syndrome
% 5044, :
§ / Predict a good response to
5§ °T Rt Checkpoint inhibitors
&
L:‘: -504
-100+

Mutation of MMR genes (e.g., MLH1, MSH2, MSH3,
MSHG6, and PMS2).

Le et.al.; Science (2017)



Biomarkers for Cancer Therapy
Homologous
recombination deficiency

/ (HRD)

\ Tumor Mutational
Burden (TMB)

/

HER2 ampilification /
Trastuzumab in BC
BCR-ABL / Imatinib
translocation in CML

EGFR mut / EGFR TKI

in NSCLC
BRAF mut in melanoma

Microsatellite
Instability(MSI)

Morganti et al. (2019) P5 eHealth: An Agenda for the Health Technologies of the Future pp 125-154




50

40 -

30

20 -

10—

Objective Response Rate, %

[l Nivolumab

TMB (Tumor Mutational Burden) in
Cancer Therapy

B Nivolumab + Ipilimumab

4.8

42

222

27

Low

Hellmann et.al.; Cancer Cell (2018)

16.0
6.8
44 25
Medium

Tumor Mutational Burden Tertile

46.2

High

401
SCLC

l

245
Nivolumab

l

156
Nivolumab
+

Ipilimumab




TMB (Tumor Mutational Burden)

The neoantigen hypothesis

Tumor
antigen

Jennifer Ma et.al.; Nature Communications (2018)



Challenges for use of NGS in cancer
diagnosis and therapy




NGS Operational Challenges

Cost




Sequencing Cost

Cost per Human Genome

$100,000,000 |

= Cost of enrichment
810000000 —m——H 40 ———= . VS.
Moore’s Law COSt Of Seq UenC|ng
$1,000,000
oy | (| N If we enrich,
We need high efficiency

§10,000

National Human Genome
Research Institute
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https://www.genome.gov/



NGS Operational Challenges
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Cost Storage




Storage

NovaSeq-High Capacity Sequencer

Whole Genome Sequencing

60x for Tumour Samples
30x for Matched Normal




NGS Operational Challenges
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Cost Storage Accessibility Optimal assay




Optimal next generation sequencing assay

A ixj Targeted panels more
e often used in clinical
fm— practice

1 Shear and repair

Designing a cancer
B Amplicon-based assay C Hybridization capture-based assay D @Y ontrel paneI-Data bases

QC recovered
Tiled lic h

( amplicon approach ) DNA amount”
Primer based >4 >« E ;

amplification > < pter ligati | > u °
of DNA M - e = _ &% cBioPortal
templates l 1 7 u for Cancer Genomics
QC individual and
PCR + barcoding —— 3 pooled librariest
and adap ., Hybridize to custom
ligation e capture probes and 7
l Sequencing l's.:liaot:’urntad \
O s S S0 ) Genome Browser
Forward Wash, elute, amplify v SRS
reads and sequence -
Reverse SO - -
reads -
Amplicon 2 .
Exon 1 Exon 2 Exon 3
Gene X - mutatioal hotspot Large regions of interest

Jennings et al. The Journal of Molecular Diagnostics (2017)



NGS Operational Challenges

(M)

Cost Storage Accessibility Optimal assay Drugs Lack of
Accessibility Bioinformaticians

“France Medecine Genomiques 2025” (
https://www.gouvernement.fr/)
“100k Genomes Project from UK” (https://

www.genomicsengland.co.uk/the-100000-genomes-project/




NGS Clinical Challenges

Clinical context and origin of the tumor
in targeted therapies

TNM staging

Differentiation grade
based on morphology (Ki67)

Translocations limited to WGS §
Fusions RNA seq

Perfomance status of the patient
and commorbitities

Clinical trials need to accept
smaller patient cohorts




Take home message

 NGS has paved the way for potential new biomarkers in cancer diagnosis and
treatment

* Many potential applications of liquid biopsies are object of ongoing clinical trials
including early detection of cancer

«  Mutational signatures facilitate the identification of the origin of the tumour

« NGS also has improved the distinction between driver mutations and passenger
mutations in order to apply those driver mutations as biomarker for targeted
therapies

«  WES and WGS with the aid of mutational signatures have paved the way for a
more advanced set of biomarkers (HRD and TMB)

* Itis necessary to acknowledge both operational and clinical challenges






