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Wie lassen sich Tumormutationen messen?
NGS Panel Sequencing als Standardmethode
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NGS Panel sequencing
30 bis 500 Gene; 0.05% der DNA

Gene1 Gene2 --- Gene N Oder
m m ‘ : . . . .
i [ Somatische Testung Liquid blppsy (ctDNA im Plasma)
Eragineits . [ _ . Spezielle Probenrohrchen
g IO T (=Tumormutationsanalyse) )
Ul i} Pathologi (=Tumormutationsanalyse)
I Imm [ athologie Pathologie
4 : : Bei Panel-NGS:
- | e keine Unterscheidung zwischen oder
— = Tumor- und Keimbahnmutationen;
Reads = = = alle Mutationen werden berichtet Blutzellen (Keimbahntestung)
500k = = =

Humangenetik
(nur Keimbahnmutationen)

(N == K |
flit‘tp;;;?l}'hw;)enotes.com/whole-exome-sequencing/




Whole exome sequencing (WES): alle 21.000 Gene ..z

Whole Exome Sequencing
(und Whole Genome Sequ.)

Q / und

| beide Proben werden bendtigt ]

|

Zwel separate Sequenzierungen (Tumor und Normalgewebe)

% %® Somatische Testung Blutzellen
Fragments H]J]I: @ @ (:Tumormutatlon_sanalyse) (Kelmbahntestu_ng)
i ; Pathologie Humangenetik
Y Pl 5 Bei WES/WGS: zuséatzliche Keimbahnveranderungen
ohne Keimbahnveranderungen (evtl. auch therapeutisch relevant)
>50I.21e (a)gi —_I_: -—;—_"_':-._- Gesetz zur Weiterentwicklung der Gesundheitsversorgung  19.7.2021 [ sah(dv gENOMNDE

R Gesundheitsversorgungsweiterentwicklungsgesetz (GVWG)
p— ' ' Modellvorhaben
Genomsequenzierung

GERMAN
h;tp(g\;{{‘mi())enotes.com/whole-exome-sequencing/
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Indikationsstellung fir molekulares Tumorboard (MTB) 22.?

Klinische Indikationsstellung

1. fortgeschrittene oder prognostisch _ Gertifiziertes Zentrum\‘
ungunstige onkologische Erkrankung oder fiir Personalisierte
seltener Tu. ohne Standard-Tx PIK3CA-Mutationen Medizin - Onkologie

2. Pat.ist .grund.satzllch far systemische AKT-Mutationen DKGi
Theraple geelgnet. \ KREBSGESELLSCHAFT

3 7wei klinische Si : . BRCA1,2-Mutationen

. Zwel Klinische Situationen: « Spezialisierte Diagnostik
a) zugelassene Therapien mit ESR1 Mutationen  + DNPM-Standards

molekularer Testung kommen in Frage * Kooperationspartner fur
(Ziel: companion diagnostic) —

onkologischen Zentren
Bestandteil der Organtumorkonferenz

b) Die Standardtherapien ohne Aussicht erweiterte

auf Verlangerung des Uberlebens (Ziel: Mutationsdiagnostik
individualisierte Therapie bei mol (MTB) o aoen

’ Genomsequenzierung
Target)




Indikationsstellung fiir molekulares Tumorboard (MTB) zz?

Indikationsstellung fur personalisierte
Onkologie im Gesundheitssystem:

1) kein NGS Uber DRGs moglich
2) ambulante Optionen:

a) NGS aus Praxis/MVZ Gber Patho-MVZ
mit Uberweisungsschein

b) NGS Uiber ASV (Beitritt der Pathologie
zur ASV fur Molpatho-Tests; formaler
Akt, ca. 4 Wochen; danach ASV-U-
Schein maoglich)

3) NEU: Modellvorhaben GenomSeq
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PIK3CA-Mutationen
AKT-Mutationen
BRCA1,2-Mutationen

ESR1 Mutationen

erweiterte
Mutationsdiagnostik
(MTB)

e ™

Zertifiziertes Zentrum
fiir Personalisierte
Medizin - Onkologie

KREBSGESELLSCHAFT

Spezialisierte Diagnostik
DNPM-Standards
Kooperationspartner fr
onkologischen Zentren

Modellvorhaben
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Ablauf personalisierte Diagnostik im molekularen Tumorboard

klinische Interpretation immer im Gesamtkontext

Il GUIDE

I n d i kat i o n SSte I I u ng i m J I PatientID  Demo_NSCLC_TSO-001
. (_J\J \UJ T \""/ CaseID EU009700
Organ-Tumorboard Archer/IDT Complete Solid Tumor ‘w% TUKCGM® et s ~wanlll -

Institut UNIVERSITATSKLINIKUM fir Tumorerkrankungen

Pa ne I, I I I um i na N G S ( N ova Seq ) fiir Pathologie MARBURG e N ICD-10 code (3431

430 genes, MSI, TMB e — SHABIE ORDER & REPORT

(breast’ COIO rectal , g a_stn C’ Patient ID Demo_NSCLC_TS0-001 MMR status Stable Orderedby  Elisabeth Ryan

. CaselD EU009700 HER?2 status n/a Facility Sunnyville Hospital
A u swa h I F F P E G ewe be ° pancreaﬂc, IU ng , melanoma’ Age 56 PD-L1 TPS(%), ICS(%), Labtest VCF Illumina TSO500 Panel
° Sex Male CPS (0-100) (unpaired)

. C N S , an d Oth e rS) Country DE Metastatic ) Yes Orderdate 06 Feb2023
) d | e ] e u este Tu m 0 r p ro b e Diagnosis Lung cancer Tumor Cellularity ~ 87% Signed by Dr. Lenka Kyjacova

3 o oia |G @ con R O e ML W CETE OO NGS ID H-0005 Signed on 03 Nov 2023
* ESR1: Proben nach Therapie

NS BOGEA PICA  SET DNMIA DOTIL EEFIAL B2 KGRI ELF3  EPASI  EPHA2  EPHAS 12345
omt coms FFPE block
g8I1. neue blopsie < voci e s o a e o
- - s N e (e (e M o Nl ) i
R SUMMARY OF GENOMIC AND BIOMARKER FINDINGS
° eel net ) (sl () M o) Wl Wil Kol (5 [ () 5 W) () (e (o () i
FUBPI  HIFIE WISTIHIC WNFLA KL MK KDMEA  KDR KEAFL NIPEL NSD1  NUPS3  PARP1 PAXS PAXB  PDCDi  PDCDALG: PDGFRE

~~~~~~~ G KMI0 IR MAPI MOMZ  MOMA  MEDIZ  MENI PR PHRE PIKICB PIGCIG PIKICD PIKICG PIKRZ  PIKIRI  PIM1 Detected biomarkers with therapy implications:

Version 17

EPHA7  EPHBL  ERCCA  ERG  ERRFIL EWSRL FAMITSA FAVAC FAMASD
FANCC FANCD2 FANCE FANCF FANCG FATL  FGRL  FGR2  FGRD
FGFa  FGF7  FGRS  FGF9  FINA  FOXA2 FOXOU FOPL  FOXQL
GATAl GATA2 GATA3 GENI  GUI  GNAI3 GPS2 GRINID GRM3
HIFSC  HGF  HISTIHIC HISTIHIE HISTIHDBIHONB!S HUWEL IGFIR  IKBKE

PICCL PLMNB2 PMSL  POLQ POLRMT PPARG PPMID  PPPC  PROML
PRKARIA PRKDC PSPL  PTMA PTPDCI PTPRC PTPRD PTPRT  RAC

NI PERML PKOCE PRIRL PLCBE
D1 PO PN RADS) mADSE w0

W SHC SMD  STDI B SMADZ SMARCAR RAD2{ RADS2 RARA RASAL REMIO RECQL4 REL  RMEB AT APPROVED TREATMENTS BIOMARKER OTHER DRUG BIOMARKER
= — RIS WSHB1 RPTOR RRASZ RUNXI RUNKITL R@A  SCAFE  SETEPI BIOMARKER VAF (%) TRIALS TRIALS
TS TSR U1 MACEZ  WACCD  Am2  ACVEZA  ARAF  ARMoaess  SHIDIA  SIX SMADI  SMCIA  SMC3  SOCSL  SOXI7  SOX2  SOX9. FOR PATIENT DISEASE SCORE TREATMENTS APPROVAL SCORE

SEN S0P ST SPTANI STAGL STATS  SYK  TAF1  TELDXRL

= == el ieeer) (el I el sy e EGFR 2952 E Osimertinib EMA 6 E Aumolertinib Investigational 0
THRAPZ  TLR4  TMSBAX TNFAIPZ TNFRSFI4 TRAFZ ~ TXNIP  UNCX  USP9X FDA
ok coonn w0 G Omr OB DO Gk P v s s e o 2 mee p.ET46_AT50del
= Erlotinib EMA 0 E Alflutinib Other 0
FDA

Ramucirumab

Molekularpathologie i 1

EGFR p.T790M 2946 E Osimertinib oy 6 (E Aumolertinib Investigational N/S 0

® N G S'Se q uencin g I Afatinib - (E Alflutinib Other N/s 0
I Dacomitinib - [E' Nazartinib Other 1

I Erlotinib
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GBG MTB - Part 1 (PADMA, AMICA, Desiree)
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PIK3CA TP53

Archer VariantPlex Solid
Tumor Panel, Custom
Panel Marburg, 24 Genes
— lllumina NGS (MiniSeq)
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AKT1 FGFR1
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ARIDIA  FGFR3
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MOMENTUM — NGS substudy

ENTUM

Molecular Mechanisms of Therapy resistant breast cancer

GBG 108 - MOMENTUM

Prospective, non-interventional Registry trial with integrated biomaterial collection

Primary Diagnosis

SETTING 1

(gross residual tumor

after NACT)

ENTUM

Y

ICF

~f 5 TUKGM® et

Institut

fiir Pathologie

PATIENT
Patient ID
CaselD

Age

Sex

Country

Diagnosis

SUMMARY OF Gi

Detected biomarkers with therapy

BIOMARKER

EGFR

p.ET46_A750del

UNIVERSITATSKLINIKUM

MARBURG

Archer/IDT Complete Solid Tumor

fiir Tumorerkrankungen
Frankfurt - Marburg  University Cancer Center

ICD-10 code (3431

s Panel, Illumina NGS (NovaSeq)

EU009700

PatientID  Demo_NSCLC_TSO-001
CaselD EU009700
Universitires Centrum Age 56

pital

56

e 430 genes, MSI, TMB

Lung cancer

EGFR pT790M

[
o b Coail OMKI CHIG MG BNG R mOHS
VAF (%) oS MOSD MDA ST A1 oW AT MY AROIA
| ARDIE  ARDZ  ATR  MRA  EDM BAPL  BCOR BUM  BMPRLA
com cone cown e wn oo 0oL O Cee
29.52
29.46

CAPS B (B CODM  COMD COMA DT CDCTE  COKE
COOUA (DONB COORC CEBA O3 CHM OB COLSAl CREGP
Alauiiu

EPHAT EPHBL ERCCH  ERG  ERRFIL EWSRL
FANCC FANCDZ FANGE FANCF  FANCG  FATL
FGF4 PG FGFS FGFY  FLNA  FOXAZ
GATAL GATAZ GATAD  GENI  GLI  GNAT3
HOFIC  HGF  HISTIHIC HISTIHIE HISTIHZBI HOXBIZ
KZFL6ST R INPP4B INPPLL  IRR2
AN KANSLL KDMSA KDMEC  KEL  KIF1A
KRTZ22 LAMPL LTSt AR LEMD2  LRP1S
MAPKI  MAX  MCLI MECOM MEF2B
MSTIR | MUCS  MYCL  MYDEB  MYHS
NI NUPIS  PARPL  PAXS  PAXE
PHF6  PIICZB PIKICIG PIKICD  PIKICG
PONE2 PMSL PO POLRMT PPARG
PRKDC  PSP1  PTMA PTPDCL PTPRC
RADS2 RARA  RASAL REMI0  RECQUé
RPSGKB1 RPTOR  RRASZ RUNKL RUNKITL
SIX4  SMAD3 SMCIA M3 SOCSL
SPOP  SPTAL SPTANL  STAGI  STATS
TCEBL TGRS ToPz TET TEmR
THRAPS  TIRe  TMSBAX TNFAIP TNFRSFLA TRAFS
WII XPO1  ZETBID ZFHXG ZMYMZ ZMYM3
- e ALY

(breast, colorectal, gastric,
pancreatic, lung, melanoma,
CNS, and others)

» '(—l-‘_ll‘l_‘l".'
A g s CRKL CSDEL SRR CTCF  CTLM CTNNAL CULS  OYSURZ  DMD
NAAS POGFRA PIKXCA  RET ONMTIA DOTIL EEFIAL EER2  EGRI  ELF3  EPASI EPHAZ  EPHAD
an

FAMITSA FAMAGC FAMASD
RGFL FGR2 RGOS

FOXO1 FOXPL  FOKQ1
P2 GRNZD  GRMS
HUWEL IGFIR  IKGKE
RS RES IS

KPS KMTA  KMIZB
MACFL MAPZKA MAPIKIS

vuier

ina TSO500 Panel
)
P23

Kyjacova
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BIOMARKER
SCORE

TRIALS

N/S 0

DECoTIine
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Patient ID
Institut =/ UNIVERSITATSKLINIKUM u Gt oo caseld f 1 I 1
fiir Pathologie bt it Momentum NGS Proftiling
4_87 MARBURG ; ICD-10 code
VARIANT CODING DNA TYPE AND EFFECT VAF (%) CLASSIFICATION

BRCAL ENST00000357654.3 del co
p.S1042fs c.3126del Frameshift ’
P53 ENST00000269305.4 SNV - APPROVED TREATMENTS BIOMARKER
p.F134v C400T>G Missense ' BIOMARKER VAF (%)
FOR PATIENT DISEASE SCORE
SUMMARY OF GENOMIC AND BIOMARKER FINDINGS
Detected blomarkers with therapy implications: TMB-L 0.11 mut/Mb = No therapies or clinical trials related to this biomarker
APPROVED TREATMENTS BIOMARKER OTHER DRUG BIOM
BIOMARKER e SCORE THIALS B—— APPROVAL SCOF MS_Stable : .- - . .
No therapies or clinical trials related to this biomarker
TMB-L 0.11 mut/Mb - No therapies or clinical trials related to this biomarker
Ms-stable - No therapies or clinical trils related to this biomarker BRCA1 . EMA
p.51042fs 598 (E oOlaparib - JOEANES
BRCALpSI042s 598 (E Olaparib 1A DB 1 (B Rucaparib Off-label 1 F
oxon 10 0f 13 = exon 10 of 23 ( -
E Talazoparib 1A (7 0 'E PARPinhibitors Other n .
. @Wow E Talazoparib 1A (7)) oon 0
TP53 p.F134V 669 Mo approved therapy identified for the patient E Bevacizumab Approved n
exon 5of 11 disease
E Adavosertib Oth z EMA
AVOSE er n o m IA FDA
E Coti-2 Other n
E VEGFRinhibitors Other n
o Blomarker approved by: EMA, FDA
E Weel inhibitors Other n
I Platinum-based agents  Other nj ESCAT I-A lRﬂady for routine u“]
The biomarker classification is based on the "ESMO Scale for Clinical Actionability of molecular Targets
| Taxane-basedagents  Other n/ {EECAT}" {2(}1 8)
Additional biomarkers® Diagnastic: TP53 p.F134V (18, 6) « |-A: Clinically relevant improvement of survival endpoint, in specific tumor type, in prospective
randomized clinical trials
ormarker score: nd CViscore + |-B: Clinically relevant improvement as defined by ESMO MCBS 1.1, in specific tumor type, in
E Effective: potentially effective treatments :fomr:ﬁon. -AMP/ASCO/CAP category and CVI -Se2 pmspecﬂvﬂ mn_randumlzﬂd c"nical trlals
| Ineffective: potentially ineffective treatments # Sea Biomarker details saction for more information.
itut =12/
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MOMENTUM and COGNITION-GUIDE

GBG 108 - MOMENTUM

Molecular Mechanisms of Therapy resistant breast cancer
Prospective, non-interventional Registry trial with integrated biomaterial collection

ENTUM

AT WM GG ERE RN GNAI GNAD GNAS MRS CRKL CSDEL CSFIR  CTCF  CTLM CTNNAL CULS CYSUR2  DMD
GG KTKRAS MET WRAS POCARA PKXA  RET DNMTIA DOTIL EEFIAL EER?  EGRI  ELF3  EPASL EPHAZ EPHAD
= == I [ A = ) = = EPHA7 EPHBI ERCCA  ERG  ERRFIL EWSRL FAMITSA FAMMGC FAMASD
(Coaion) ooet) [Sems] (W] NSO (P (R [EScET) (P FANCC FANCDZ FANCE FANCF FANCG FATL  FGFL  FGR2  FGR3
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i o | e = G4 FGR7  FGFS  FGF?  FINA  FOMAZ FOXOL FOXPL FONQL
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GATAl GATA2 GATAI GENL Gl GNAI3 G2 GRINZD GRM3

Bl MCWR ROSL BADM SO VML ATM BAADI BCAL
Sl [ooa] el o = HGFIC  HGF  HISTIHIC HISTIHIE HSTIHZBIHOXELS HUWEL IGFIR  IKBKE
e ) (v () el Gasl) Wl s (na WL IST LR NP NPPLL  IRFZ RFA RS RS2
MO ASDI AW ARKA BN BAML  BCDR B EWPRIA JUN  KANSLL KDMSA KDMSC  KEL  KIFIA  KIFS  KMI2A  KMTZB
CONDI COND2 CONDD COMEI COHI COMME G OC  CFIR KRTZZ2 LAMPL LATSL LATSZ (EMDZ LRPIB  MACFL MAPZKG MAPIK13
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MU MR MEEIA M MSKD MM MUCIS MUTR MYON
PICGI PUNGZ PMS1  POLQ  FOLRMT PPARG PPMID  PPPSC  PRDML

NN WL W2 NOZS WG FERMI PKC PROR1 PLCBS
PRKARIA PRKDC PSP PTMA FTPDCI PIPRC  PTPRD  PTPRT  RACL

FMSI FPPINIA FRINIA PRNDI FTCHL FTPMII RADSD RADSI MOA
] e Nea) N [ (e el () ) RADZI RADSZ RARA  RASAI REMI0 RECQL4 REL  RMEB  RIT1
. NeR (5] (o) I5ul o] Bl kel Bt RPLS RPSGKEL RPTOR RRASZ RUNKI RUNKITI RXRA  SCAFA  SETEPL
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2 Universitdt
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Interventional Clinical
Treatment Trial (Phase II)

*Biomarker-negative or inability to conduct
molecular profiling
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Personalisierte Medizin funktioniert in der Praxis

SAFIR-02 Studie
André et al., Nature, 2022

PFS in patients with ESCAT I/Il genomic alterations (n = 115)
1.00 -

= Maintenance chemotherapy
— Targeted therapy matched to
genomic alteration

HR adjusted for stratification factors:
0.41 (90% CI: 0.27, 0.61)

P < 0.001 p<0.001

matched Tx

|

0O 6 12 18 24 30 3 42 48 54 60
Months

9]

& 0.50 1

0.25 4

Maintenance 40 9 5 0 0 0 0 0 0 0 0
chemotherapy

Targeted therapy 75 46 22 9 6 3 1 1 1 1 0
matched to
genomic alteration

Article

Genomics toselect treatment for patients
with metastatic breast cancer

PFS %

University Hospital Marburg University Hospital Marburg
“the first 100 pts”: 109 pts tested gynecological cancer 2018-2023
. — 0 i
30% personalized treatment N=84, 27% personalized treatment
1.00 _n matched theragy cohort (n = 23)
100 _n non-matched therapy cohort (n = 29)
= - censored
p=0.0321 +eensored  n=(0.0014
—- Matched therapy (off-label) (n = 26) = 0.751
=4~ Non matched therapy (n = 17) %
<]
50 p=0.0321 S 050+
:
=
(2]
matched Tx 0.25- matched Tx
1
0 J | . ’ 0.00 . . . . .
0 5 10 15 20 0 5 10 15 20 25
Time in months No. at risk ESdn monlis
inatched therapy 23 16 5 1 1 0
non-matched therapy 29 6 1 0 0 0
Tarawneh, .... Mack , Cancers, 2022 Gremke et al, Cancers 2024
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Bedeutung von Tumormutationen — aktueller Stand

State-of-the-art: klinische Diagnostik

= MTB als Bestandteil der Regelversorgung
= grofles NGS-Panel >1MB

— “so frith wie moglich” bei klinischer Indikation
— Kooperation mit zertifiziertem ZPM

Ausweitung liquid biopsy Diagnostik
Klassische MTB Diagnostik im ambulanten
Setting oder in der ASV

WES im Modellvorhaben
Genomsequenzierung

GBG ’

FR
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Aktuelle Forschung — GBG Netzwerk

= GBG: MOMENTUM Registerstudie

— Register fiir therapieresistente MammaCas

4 GBG MTB Projekt

MOMENTUM - postNACT

Fokus TNBC oder HER2+BC
\_ Verknipfung mit COGNITION-Guide

~

J

= SATURN3 Projekt: Tumorheterogenitat

als wichtigstes Problem in der
Onkologie
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Selected research partners

Sherene Loi /:6'
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Microbiota against cancer
International research program
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European Commission
H2020

Vielen Dank fur die Aufmerksamkeuit!
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