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Cancer Drugs Bring in Most Neue Krebsmedikamente in Europa
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Traditionelle Medizin
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Radiotherapie Systemtherapie Operation
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Biomarker

= Biomarker sind biologische Merkmale, die objektiv gemessen werden kénnen und Ruckschluss auf
physiologische oder pathologische Prozesse geben.

|
| [ | [ |
Diagnostische Staging Prognostische Pradiktive Monitoring
Biomarker Biomarker Biomarker Biomarker Biomarker

Kleine
Molekile

Proteine

Monitor
Diagnostic  Predictive biomarker
Krebszellen Screening biomarker  biomarker for  for disease
Risk biomarker and therapeutic surveillance
stratification for disease prognostic  responseand and
biomarker detection biomarker  adverse event monitoring

No Disease Asymptomatic Symptomatic Diagnosis
Disease Disease

Disease Timeline

Ou F.S., J Thorac Oncol. 2021
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THE CANCER GENOME ATLAS

12 tumor types

) Glioblastoma (GBM) Omics characterizations

Somatic mutations WGS of 2.658 cancer Lung adenocarcinoma
from lung, genomes from38 (LUAD) o
Sanger International The Cancer melanoma and Sequencing of c:g ‘::‘: éypgg gy ”Le Breast (BRCA)
sequencing HapMap Genome Atlas lymphoblasts ctDNA from . an

Project cancer genome TCGA consortia (2020) Ovarian (OV)
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( (2016) Kidney (KIRC) Mutation
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Endometrial (UCEC)
Gene expression

Platforms
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Human Second Third :
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Giunta S. et al., Cancer Metastasis Rev. 2021
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DNA . . .GTCGAGTCTA®CGCTATCGCT. . .
. .CAGCTCAGATCGGCTATCGCT. . .

Deletion Insertion Substitution
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DNA Mutationen
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other
Folate
Calcium

Aspirin and Aspirin and Estrogen
NSAIDs other NSAIDs Aspirin and
other NSAIDs

Normal
epithelium epithelium adenoma adenoma carcinoma
Aberrant cryptic foci
COX-2 I
overexpression Loss of 18q
APC K-ras p53
mutation mutation mutation

Hyperproliferative Small Large

Tumorigenic genes

« Proliferative autonomy
« Genomic instabiity

« Self-renewal

« Evasion of death

« Evasion of cytostasis

« Evasion of immunity

« Resistance to hypoxia

Metastasis initiation genes Metastasis progression genes .astasis virden g.

« Detachment « Survival in circulation
« Motility « Embolism
« Invasion » Capillary adhesion
« Marrow progenitor-cell » Extravasation
recruitment « Adaption to new environment
« Angiogenesis « Emergence from dormancy
« Intravasation » Organ-specific colonization
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Janne P.A. et al., NEJM 2000
Nguyen D.X. et al., Nat Rev Genet. 2007



THE CANCER GENOME ATLAS

1990 Lung cancer 2 2 ) ' 2
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2000 Non-small-cell lung cancer Small-cell lung cancer
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2008 Adenocarcinoma Large-cell carcinoma Squamous cell carcinoma
L
Today (2013) Targets today Targets in the future
[ ] [ ]
EGFR ALK ROS1 rn1 'ﬂ rn‘ 'n‘
KRAS BRAF HER2  RET DDR2 MET FGR1 PI3K
and others and others

Adenocarcinoma

Adenocarcinoma and treatable oncogenic alterations with approved
drugs (EGFR mutation and ALK translocation)

[ ]
m‘ Large-cell carcinoma

L ]
|n| Small-cell lung cancer

' Squamous cell carcinoma without oncogenic alteration

§
Fﬂ| Squamous cell carcinoma with oncogenic alteration
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Adapted from Reck M. et al , Lancet 2013



THE CANCER GENOME ATLAS

Histologic type

Biomarker

Endometrioid

~ Serous

Clear cell

PTEN
EGFR
KRAS
CTNNB1
FGFR2
MLH1
TP53
HER2/neu
PIK3CA
E-cadherin
EGFR
PIK3CA
PTEN
ARID1A
HNF1B
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Diagnostische Methoden in der modernen Onkologie™ ™™

Klassische Histologie, klassische Zytologie
Immunohistochemie
FISH (Fluoreszenz-in-situ-Hybridisierung)

Genetische Tumorsequenzierung
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Diagnostische Methoden in der modernen Onkologie

Klassische Histologie, klassische Zytologie
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Diagnostische Methoden in der modernen Onkologie

Immunohistochemie
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25% PD-L1+




luzerner kantonsspital

Diagnostische Methoden in der modernen Onkologie™ ™™

Probe and Target DNA
Denatured and Hybridized

FISH (Fluoreszenz-in-situ-Hybridisierung)



Diagnostische Methoden in der modernen Onkologié

Genetische Tumorsequenzierung «NGS»

AKT1
AKT2
AKT3
ALK
AR
ARAF
AXL
BRAF
BTK
CBL
CCND1
CDK4
CDK6
CHEK2
CSFiR
CTNNB1
DDR2
EGFR
ERBB2
ERBB3
ERBB4
ERCC2

ESR1
EZHZ2
FGFRA1
FGFR2
FGFR3
FGFR4
FLT3
FOXL2
GATAZ
GNAT11
GNAQ
GNAS
H3F3A
HIST1H3B
HNF1A
HRAS
IDH1
IDH2
JAK1
JAKZ
JAK3
KDR

KIT
KNSTRN
KRAS
MAGOH
MAP2K1
MAP2K2
MAP2K4
MAPKT
MAX
MDM4
MED12
MET
MTOR
MYC
MYCN
MYD&8
NFE2LZ
NRAS
NTRK1
NTRK2
NTRK3
PDGFRA

PDGFRB
PIK3CB
PIK3CA
PPP2R1A
PTPN11
RAC1
RAF1
RET
RHEB
RHOA
ROS1
SF3B1
SMAD4
SMO
SPOP
SRC
STAT3
TERT
TOP1
UzAF1
XPO1

ARID1A
ATM
ATR
ATRX
BAP1
BRCAT1
BRCA2
CDK12
CDKN1B
CDKN2A
CDKN2B
CHEK1
CREBBP
FANCA
FANCD2
FANCI

FBXW?
MLH1
MRE11
MSHE
MSH2
NBN
NF1

NF2
NOTCH1
NOTCH2
NOTCH3
PALB2
PIK3R1
PMS2
POLE
PTCH1

List of gene targets in the Oncomine Comprehensive Assay v3.

PTEN
RADS50
RADS1
RADS1B
RADSIC
RADS1D
RNF43
RB1
SETD2
SLx4
SMARCA4
SMARCE1
STK11
TP53
TSC1
TSC2

AKT1
AKT2
AKT3
ALK
AXL
AR
BRAF
CCND1
CCND2
CCND3
CCNE1
CDK2
CDK4
CDK6E
EGFR
ERBB2
ESA1
FGF13
FGF3
FGFR1
FGFR2
FGFR3
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FGFR4
FLT3
IGF1R
KIT
KRAS
MDM2
MDM4
MET
MYC
MYCL
MYCN
NTRK1
NTRK2
NTRK3
PDGFRA
PDGFRB
PIK3CB
PIK3CA
PPARG
RICTOR
TERT
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AKT2 FGFR2 NUTM1
ALK FGFR3 PDGFRA
AR FGR PDGFRB
AXL FLT3 PIK3CA
BRCAT JAK2 PRKACA
BRCAZ KRAS PRKACB
BRAF MDM4 PTEN
CDKN2A MET PPARG
EGFR MyYB RADS1B
ERBB2 MYBL1 RAF1
ERBB4 NF1 RB1

ERG NOTCH1 RELA
ESR1 NOTCH4 RET
ETV1 NRG1 ROS1
ETV4 NTRK1 RSPO2
ETVS NTRK2 RSPO3
FGFR1 NTRK3 TERT

thermofischer.com
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Millions of raw sequence
reads are produced for a
patient tumor

Good B.M., Genome Biol. 2014
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Sequences are
gligned to the
reference genome and
tumor-specific events
predcted

(2) Processing and
event detection

Data are reviewed and
validation expenments
performed to identify high
quality events

(3) Filtering. review,
and validation

Good B.M., Genome Biol. 2014



(1) Data production
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Pathogenic variant

Likely pathogenic variant

Variant of uncertain significance (VUS)

Likely benign variant

Benign variant

Good B.M., Genome Biol. 2014
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patient tumor

Sequences are
gligned to the
reference genome and
tumor-specific events
predcted

(2) Processing and
event detection

Data are reviewed and
validation experiments
performed to identify high
quality events

(3) Filtering. review,
and validation

(4) Annotation and functional "‘-‘ — =3 Events are annctated and scored in an
prediction ' .;'.. effort to predct events da'hnmm

A genome analyst attempts to interpret,
= pnontize, and summarize functionally
significant events in the context of
published kerature, clinical trials, and a
multitude of knowledge bases

(5) Interpretation and
report generation

Pathologests and oncologists evaluate the
significance of potentially clinically
actionable events and incorporate their
research into patient care

(6) Clinical application

Good B.M., Genome Biol. 2014




Ergebnisse

Diagnose:

Molekularpathologische Ergebnisse:
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Planung Individuelle Therapie
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Ergebnisse

Diagnose:
NSCLC

Molekularpathologische Ergebnisse:
EGFR Punktmutation p.L858R in Exon 2

>
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Planung Individuelle Therapie
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. Krebspatientem mit z.B. Lungenkrebs
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Ergebnisse Target Therapie in NSCLC

ALK WET | HER2 .
> Crizotinib 4 = Criz_otinibz » Trastuzumab emtansine 2
» Alectinib 4 ~ Cabozantinib 2 ~ Afatinib? )
EGF';S'EI:I:I:'IZIH » Ceritinib » Dacomitinib
% Srelogrr:ilb‘ > Lorlatinib 2 MET 3% =
i . g Brigatinib 2 i
Diagnose: -~ Afatinib * S >1Mutation 3% | Crizotinib ¢
NSCLC ~ Osimertinib * EGFR HER22% | » Cabozantinib 2
~ Necitumumab 4 Other 4% » Ceritinib 2
_ ~ Rociletinib 3 alica ROS1 2% » Lorlatinib 2
: : _ BRAF2% | » DS-6051b!
Molekularpathologische Ergebnisse: / ;
. . . \ i RET 2%
EGFR Punktmutation p.L858R in Exon 2 ' ... .
NTRK1 1% » Vemurafenib
> Dabrafenib 2
PIK3CA 1%
RET
MEK1 <1% —
Unknown » Cabozantinib 2
Oncogenic Driver % Alectinib 2
Detected > Apatinib 2
31% » Vandetanib 2
> Ponatinib 2
» Lenvatinib 2
NTRK1
% MEK1 PIK3CA » Entrectinib 2
8 i i‘; e » Trametinib 2 ~ 1¥30234142 » LOX0-1012
» Selumetinib » PQR309! » Cabozantinib 2
2 - Phase ll 4 - Approved > Cobimetinib ! » DS-6051b 1

Tsao A.S., J Thorac Oncol 2016



Ergebnisse

Diagnose:
NSCLC, Pankreaskarzinom, Cholangiokarzinom...

Molekularpathologische Ergebnisse:
 NTRK

>
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Target Therapie (Agnostisch)

A Maximum Change in Tumor Size, According to Tumor Type

Maximum Change in Tumor Size (%)

40-
30
20
10

-104
-204
-30+
-40-
-50-
-60-
-704
-804

_93.2

Thyroid tumor

M Colon tumor M Lung tumor
M Melanoma M GIST

90
-100-

Larotrectinib

Soft-tissue sarcoma

Appendix tumor Salivary-gland tumor
IFS M Cholangiocarcinoma
M Breast tumor M Pancreatic tumor

Drilon A. et al., NEJM 2018
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Pleura rechts (Exzision):
Solitérer fibréser Tumor der Pleura (gemass externen Angaben).

Resultate der Parallelsequenzierung mit dem Oncomine Comprehensive Panel Version 3
(DNA, 135 Gene, Tumorzellgehalt 90%):

Pathogene Mutationen:
TERT: ¢.-124C>T (56%) Bewertung: pathogen
TP53: p.N239Tfs*8 (93%) im Exon 7, Bewertung: pathogen

Ubrige Mutationen:
CCND3: p.R33G (53%) im Exon 1, Bewertung: unklar
SETD2: p.K1705R (50%) im Exon 9, Bewertung: unklar

Kopienzahlverdnderungen:

FGFR3: Hinweis auf einen partiellen Verlust (0.7x) auf Chromosom 4
RET: Hinweis auf einen partiellen Verlust (0.8x) auf Chromosom 10
AKT1: Hinweis auf einen partiellen Verlust (0.6x) auf Chromosom 14

Resultat der Parallelsequenzierung mit dem Archer FusionPlex Pan Solid Tumor v2 Panel
(RNA, 137 Gene, Tumorzellgehalt: 90%):

Fusionen:
Nachweis des Fusionstranskripts NAB2 (Exon 6) :: STAT6 (Exon 17)
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Somatische Mutation vs Keimbahnmutation

Brain
y (Neuron)

Mutation later
in development

TN  Ectoderm

Mesoderm

Endoderm

Brain
(Neuron)

Skin
(Fibroblast)

O" (g'k.;g(cji cell)

-~

/

<@ ><®> Muscle
,\./’ @ (Muscle cell)

(e men e
)uugul. 'Jk Intestine

‘ .| o0 {Epithelial cell)

/
/
Mutation before or \ A

during spermatogenesis
(oocytogenesis)

* Mutation

Endoderm

o
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4{* Skin

*\( (Fibroblast)

Blood
{Blood cell)

Muscle
(Muscle cell)

Intestine
(Epithelial celi)

Nishioka, M., Mol Psychiatry 2019



Das molekulare Tumorboard

=
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Selected Medical
Patient Oncologist /
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Adapted from Michielin O. et al,
SMW 2018
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Hallmark of Cancer

Sustaining Evading
SQﬂ-suﬁicigncy in proliferative signaling growth suppressors
growth signals

Nonmutational
epigenetic reprogramming

Avoiding immune
destruction
' g

Unlocking
phenotypic plasticity

Evading
apoptosis
Deregulating
cellular
metabolism

Resisting cell Enabling
death replicative
immortality

Genome Tumor-promotin
instability & » 9

) it b, R inflammation
Sustained Tissue invasion T X ,
angiogenesis & metastasis ; )
Senescent cells | r:?gronb?;z?;

< a
)

Inducing or accessing Activating invasion &
vasculature metastasis
Hanahan D.& Weinberg R.A., Cell 2000 Hanahan D., Cancer discov 2022
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