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Informachni obsah lidského genomu
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Informachni obsah lidského genomu

Genom (3,2 Gbp) — 127 knih

Interindividudlni variabilita — 1 kniha
(0,1-0,4% genomu)

500-genovy panel — 40 stran (kapitola
& 0 nadorové biologii)

Jeden gen —<1/10 strany




Akumulace genetickych zmén vedouci ke vzniku nadoru

Maligni transformace bunék je disledek akumulace | ey
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Stratton, M.R. (2013) EMBO Mol Med. 5(2):169-72.



Typy genetickych zmén v nddorovém genomu

Neposkozeny m e
chromozom
Bodové Inzerce a Variabilita v poCtu Prestavby
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Stratton, M.R. (2013) EMBO Mol Med. 5(2):169-72.



Typy genetickych zmén v nadorovém genomu

— bodové mutace

Zameéna jedné baze v

sekvenci DNA

3 {AGCTACTGT

Bodove " CTA = leucine
mutace ¢ CGA = arginine
(SNV*) {AGCGACTGT}

* SNV = single nucleotide variation

Klinicky vyznamné priklady

EGFR T790M: rezistence k inhibitorim EGFR
EGFR L858R or L861Q: citlivost k inhibitorim EGFR
BRAF V60O0E: citlivost k inhibitoriim BRAF



Typy genetickych zmén v nadorovém genomu

Inzerce a

delece
(indels)

— inzerce/delece

Genové inzerce a delece (1-40 paru bazi)

E E ATCAA AACAT GTGGACAACCCCCACGTG
=4=
DNA: ATCAAAACAT GTGGACA/CCACCCCCACGTG
Protein:  E746_A750del N771_P772insH

Klinicky vyznamné priklady

EGFR delece v exonu 19: citlivost k inhibitoriim EGFR



Typy genetickych zmén v nadorovém genomu
— variabilita v poctu kopii genu

Amplifikace nebo delece jednotlivého
genu nebo chromozomalni oblasti

_, amplifikace onkogenu
— delece nadorového supresoru

Variabilita
v poctu kopii
genu (CNV*)

* CNV = copy number variation

OO eee 1111

Klinicky vyznamné priklady

Amplifikace HER2: citlivost k herceptinu u karcinomu prsu

Delece CDKN2A: spolecné s inaktivaci Rb je spojena s citlivosti
k CDK4/CKD6 inhibitoriim



Typy genetickych zmén v nadorovém genomu
— prestavby (fuzni geny)

Chromozomové zlomy vedou ke

kolokalizaci 2 genui nebo jejich casti,
ktere normalneé nelezi blizko sebe

O

Prestavby
(fazni geny)

Fusion Gene A/B

(T T DA TMITTTTTTD
(IO @I

Klinicky vyznamné priklady

ALK-EML4:  karcinom plic, citlivost k ALK inhibitoru

TMPRSS-ERG: u karcinomu prostaty
RET fusions: citlivost k RET inhibitordm u karcinomu plic a Stitné Zlazy



Inter-nadorova variabilita
Prevalence somatickych mutaci u riznych nddorovych onemocnéni
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Somatic mutation prevalence
(number mutations per megabase)

0.01 -4

0.001 L=

Ruzné typy nadoru jsou charakteristické rliznou mirou genomové nestability
a poctem somatickych mutaci v nadorovém genomu!

LB Alexandrov et al. Nature 1-7 (2013) doi:10.1038/nature12477


https://www.zincmapsrocheglobal.com/Jobs/JobView.aspx?Job.Id=62287

Intra-nadorova variabilita
Diverzita driverovych mutaci u jednoho typu nadorového onemocnéni
a koncept MOLEKULARNI TAXONOMIE NADORU

A Lung Adenocarcinoma B Lung Squamous Cancer C

Breast Cancer
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Garraway LA. Journal of Clinical Oncology, 31(15), 1806-1814 (2013)



Intra-nadorova variabilita
Diverzita driverovych mutaci u jednoho typu nadorového onemocnéni
a koncept MOLEKULARNI TAXONOMIE NADORU

A Spectrum of oncogenic “driver” mutations
in NSCLC* (n = 1,003)

ERBB2 \Ek1 NRAS
BRAF 09% 08% 0.5% piger
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B Relative frequency of EGFR mutations
in NSCLC (n =127)
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T790M
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(o3 Spectrum of oncogenic “driver” mutations
in melanoma (n = 955)
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D Relative frequency of BRAF mutations
in melanoma (n = 382)
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ALK-fizeny karcinom plic = CRIZOTINIB
EGFR-fizeny karcinom plic =

ERLOTINIB

Catherine B. Meador et al. Clin Cancer Res 2014;20:2264-2275



Intra-individualni variabilita nadorového genomti
- intratumoralni heterogenita
Mutacni topografie primarniho tumoru a metastaz

A Biopsy Sites
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Gerlinger M, Rowan AJ, Horswell S et al. The New England Journal of Medicine, 366(10), 883-892 (2012)



Nadorovy genom je extrémné dynamickou entitou

Sekvence nadorového genomu je vidy “momentkou” . .
Nadorové

Dédi¢né (zarodecné, germline) varianty odrazZeji paternalni a maternalni variabilitu genomy nejsou

Dalsi somatické mutace se akumuluji v prabéhu Zivota (Zivotni styl, prostredi,...) staticke.

Driverové mutace fidi nadorovy rist, passenger mutace nejsou kauzalni U nadord

jeden genomovy

“snimek” nemusi
Nékteré klony nadorovych bunék tak mohou byt oslabeny stacit.

Vznikaji dalsi mutace zpusobujici diverzitu nadorovych bunék

...a byt citlivé k protinadorové léché

Jiné klony budou rezistentni a stanou se pri€¢inou rozvoje relapsu onemocnéni...

: )
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Zarodecné : Somatické Primarni Metastazy ( i! )
varianty varianty nador


https://www.zincmapsrocheglobal.com/Jobs/JobView.aspx?Job.Id=62287

Histopatologicka diagnostika nadort ziskava molekularni rozmér

NSCLC

Breast
Cancer

Colorectal
Cancer

Melanoma

Prostate

1996 2006 2016

A

® Non Segmented Lung Cancer  ®m EGFR m ALK ® Squamous = ROS m BRAF PD-1+

\
v

(4

HR +ve m HR-ve = HR +ve, Premenopausal
® HR -ve, Premenopausal ®m HR-, Premenopausal ® HR-, Postmenopausal
® TNBC, Premenopausal ® TNBC, Post menopausal HER2- HR+, Premenopausal
m HER2- HR+, Postmenopausal ® HER2+ HR-, Premenopausal HER2+ HR-, Postmenopausal
HER2+HR+, Premenopausal ® HER+ HR+, Postmenopausal

1

= Non Segmented CRC m KRAS-WT KRAS-MUT m BRAF MSI-H Other

® Non Segmented Melanoma = Melanoma BRAF-Mu m Melanoma BRAF-WT = NRAS

m Unsegmented Prostate Cancer m BRCA*

Source: FDA.gov and Drugs@FDA, Mar 2017; QuintilesIMS, ARK R&D Intelligence, Feb 2017; QuintilesIMS Institute, Mar 2017



Molekularni rozmér nadorové diagnostiky a narustajici pocet
cilenych protinadorovych léciv zvysuje komplexitu lécebnych strategii

B HER2 B cox B ccrr B Anti-cD Il Hormonals B others
. ALK . Chemotherapy - Immunotherapy BRAF . Other Small Molecules
1996

2006 2016

Karcinom prsu

Karcinom plic

Karcinom prostaty

Melanom

CLL

Source: Drugs@FDA, Feb 2017; QuintilesIMS, ARK R&D Intelligence, Feb 2017; QuintilesIMS Institute, Mar 2017



Molekularni rozmér nadorové diagnostiky a narustajici pocet
cilenych protinadorovych léciv zvysuje komplexitu lécebnych strategii

e

First Line Second Line

Squamous cell carcinoma 1X Chemotherapy Chemotherapy
Histological Gefitinib
Testing EGFRH Erlotinib Chemotherapy
= ve riotnt
Nonisquamous cell Biomarker testing
carcinoma EGFR+ve Bevacizumab based therapies Chemotherapy
263 Chemotherapy Erlotinib

Chemotherapy Afatinib
Squamous cell carcinoma e — e Chemotherapy Chemotherapy
A 4x Osimertinib Chemo
; Positive Chemo Atezolizumab
N Gefitinib EGFR790M Nivolumab  Chemotherapy
testing Chemo
Biomarker ] . o -
; Erlotinib Negat Pembrol b*
Histological testing GFR+ve ORI egative Erlotinib embrolizuma
Testing Pembrolizumab*

Alectinib Chemotherapy
Non-squamd

Ceritinib Atezolizumab
cell carcinola

Biomarker Chemotherapy  Nivolumab  Chemotherapy

NEMALOBUNECNY KARCINOM PLIC

. ALK+ve Crizotinib
testing Crizotinib Alectinib
Chemo Ceritinib
Pembrolizumab* Pembrolizumab*
Biomarker ; Nivolumab
- PD-L1+ Pembrolizumab
testing Atezolizumab
Bevacizumab Ramucirumab
| ; N .~ Chemotherapy Chemotherapy
Biomarker EGFR-ve/ based therapies based therapies
testing ALK-ve/PD1-ve Chemotherapy Erlotinib
nab paclitxel Chemotherapy
Source: Drugs@FDA, Mar 2017, NCCN Guidelines, Indicates segments requiring histological testing Indicates segments requiring biomarker testing

ncen.org, Mar 2017



Hematologické malignity v case - dusledky molekularizace

PRED 60 LFTY V soucasnosti je vyvijeno
Onemocneéni krve oFiblizné 250 novych Ié&iv
PRED 50 LETY it iz v weis
Leukémie Pétileté preziti vzrostlo
na vice nez 70%
Lymfomy
5-Year Survival Rates for CML Patients PﬁED 40 LETY
Nearly Triple After Introduction of Imatinib Chronické Ieukémie
83% Akutni leukémie
Pre-leukémie
Indolentni lymfom
Agresigni lymfom ONES

40 podtypu leukémie
50 podtypti lymfomu

31%

Prior to Introduction of After Introduction of Imatinib
Imatinib

SEER Cancer Statistics Review, 1975-2011, http://seer.cancer.gov/csr/1975 2011/, based on November 2013 SEER data submission, posted to the SEER web site, April 2014;




NTRK inhibitor larotrectinib prototyp tumor-agnostického pristupu

ve vyvoji novych léciv

Tumor and patient heterogeneity: TRK fusions are found in
diverse cancer histologies, and in adults and children

TRK Fusion-Driven Cancers

\; :3‘ Spitzoid melanoma
(/Q Glioma

— 0 \ Thyroid cancer

@ Infantile fibrosarcoma

|j_/q~r Congenital mesoblastic
" nephroma

k’ Secretory breast cancer

(§) Vvarious sarcomas

(Q} Glioma
/,, Mammary analogue secretory
\ M/ carcinoma of the salivary gland

0\' Secretory breast cancer
a;’,' Pancreatic cancer

’0'\ Cholangiocarcinoma
\\ Appendiceal cancer

( ) Thyroid cancer

\ﬂj Lung cancer

\-._3 GIST

\O Colorectal cancer

m'%, Melanoma

&) Various sarcomas



NTRK inhibitor larotrectinib/entrectinib u rtiznych diagnéz s fliznim genem NTRK

Maximum change in tumor size, according to tumor type

Thyroid tumor I Soft-tissue sarcoma Appendix tumor W Salivary-gland tumor
M Colon tumor M Lung tumor W IFS M Cholangiocarcinoma
M Melanoma W GisT M Breast tumor B Pancreatic tumor

=10
-201

30
404
=50
60+
~70-]
80
90

-100- 1

*Patient had TRK solvent front resistance mutation (NTRK3 G623R) at baseline due to prior therapy.
'Pathologic CR.
NOTE: One patient not shown here. Patient experienced clinical deterioration and no post-baseline tumor measurements were recorded.

Maximum Change in Tumor Size (%)

Reference: Drilon et al. N Engl J Med.2018,378:731-9



Odpovéd na NTRK inhibitor larotrectinib u déti a dospélych

Efficacy regardless of age

W Adult patients
. W Pediatric patients

| T

233888

Maximum Change in Tumor Size (%)

6388488

-100- 1

Reference: Drilon et al. N Engl J Med.2018;378:731.9



Molekularné-onkologicka indikacni komise (Molecular Tumor Board)
na Klinice détské onkologie, FN BRNO, Ustav patologie FN Brno,
spoluprace CEITEC MU

Biopsie Fain i |

nadoru . e ,l 4
#ﬂ Molekularné-
Vysoce 3 { onkologicka komise
rizikovy/ / (jednou mésicné) Individualizovana
refrakterni obvykle 6-7 pacientd lé¢ba
solidni tumor \
——

Informovany
souhlas Bukalni stér

Analyza dat
+ pfiprava
protokoll

Sekvenovani Actionable variany
Drug repurposing
Kombinovana lécba

Detekce fuznich genl Schvaleni terapeutického planu

zarodecného a
Odbér krve  nidorového exomu,

—

3-4 tydny



MOLELULARNI CHARAKTERIZACE TUMORU PRO POTREBY MTB — FN BRNO KDO / CEITEC MU

Tkanovy vzorek -resekat/biopsie

DNA — EXOM/METYLACE FFPE — DNA/exome, RNA/flize RNA — FUZNi GENY/TRANSKRIPTOM
Nativni tkan — RNA/transkriptom :
Izolace DNA Periferni krev — DNA/exom Izolace RNA / kontrola kvality

PBMC (zarodecné varianty)
Nadora tkan (somatické var.)

Metyla&ni profily Anall\’(za fuznich geni Analyza transkriptom
2 X celoexomové sekvenovani -mozkové nadory TruSight RNA Affymetrix GeneChip/

zarodecna DNA / nadorova DNA TruSeq Methyl Capture EPIC Pan-Cancer Panel RNAseq
lllumina TruSeq Exome Kit Library Prep Kit 1385 transkriptd
[lumina NextSeq 500 - 3,3 mil. CpGs mist

Bioinformaticka analyza Turnaround time: Bioinformaticka analyza

3-4 tydny
Jednonukleotidové varianty, indels Ka pacita;
—klasifikace dle klinické relevance
Mutacni naloz (TMB)
Metylacni profily — napt. MBL SHH

Fuzni geny, deregulované geny/drahy
Molekularni taxonomie MBL

8-12 pac./més.

INTEGRACE VYSTUPU JEDNOTLIVYCH UROVNI

CHARAKTERIZACE NADORU A PACIENTA

PRIPRAVA KOMPLEXNiCH VYSTUPNiCH PROTOKOLU PRO POTREBY
MOLEKULARNE ONKOLOGICKE INDIKACNi KOMISE KDO, FN BRNO



Klasifikace variant MATCH trial a MSKCC

OncoKB Levels of Evidence
Standard and investigations therapeutic implications

N
FDA-recognized biomarker predictive of response to an FDA-
approved drug in this indication

J
~
Standard care biomarker predictive of response to an FDA-
approved drug in this indication*
7
N\
Standard care biomarker predictive of response to an FDA-
approved drug in another indication but not standard care
for this indication )
N
Compelling clinical evidence supports the biomarker as being
predictive of response to a drug in this indication, but neither
biomarker nor drug is standard care )
4
Compelling clinical evidence supports the biomarker as being
~ predictive of response to a drug in another indication, but
" neither biomarker nor drug is standard care J
N
Compelling biologic evidence supports the biomarker as
being predictive of response to a drug, but neither biomarker
nor drug is standard care )
\
Standard care biomarker predictive of resistance to an
FDA-approved drug in this indication
J
N
Compelling clinical evidence supports the biomarker as being
predictive of resistance to a drug, but neither biomarker nor
drug is standard care )
. . . . . \
Compelling biologic evidence supports the biomarker as
being predictive of resistance to a drug, but neither biomarker
nor drug is standard care )

, JCO Precision Oncology, 2017

Standard
Therapeutic
Implications

*Includes biomarkers
that are recommended
as standard care
by the NCCN or
other expert panels
but not necessarily
FDA recognized
for a particular
indication

Investigational
Therapeutic
Implications

Possibly directed
to clinical trials

Hypothetical
Therapeutic
Implications
On the basis of
preliminary,
nonclinical data

Standard
Therapeutic
Implications

Hypothetical
Therapeutic
Implications
On the basis of
preliminary,
nonclinical data
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Klasifikace variant pouzivana v nasi studii

Protocol supplement — Classification of somatic gene variants for therapeutic planning

Level | — Established clinical utility (clinical trial evidence) in gene variant

Level Il — Clinical evidence (case series, case reports) in gene variant

[la—in tumor type tested
[Ib —in other tumor type

Level Il — Experimental evidence (in vitro, in vivo animal models) in gene variant

[lla —in tumor type tested
[llb —in other tumor type

Level IV —No clinical or experimental evidence of variant in important cancer-related driver gene -
functional consequences of variant predicted by bioinformatics algorithms

IVa — Gene variant predicted to be “damaging” / “pathogenic”

IVb — Gene variant predicted to be “benign”

IVc — Gene variant with conflicting evidence of pathogenicity based on prediction algorithms (p.e. PolyPhen-2
evaluates variant as ,,damaging”, SIFT as ,tolerated”)

IVd — Gene variant where prediction is not available (splicing, non/frameshift insertions/deletions, nonsense
variants)




Vysledky — soubor pacientt

Od 08/2016 - 08/2018 jsme provedli analyzu germinalniho/somatického exomu
a analyzu fuznich genu u celkem 109 déti

42 tumorti CNS

11 Ewingovych sarkomu

10 rhabdomyosarkomu

10 neuroblastom

9 sarkomu z mékkych tkani

7 osteosarkomi

20 dalsich typt solidnich tumort

Vsechny sekvenacni béhy prosly kvalitou kontroly a dosahly pozadovaného pokryti

Celkovy pocet readl Median target coverage Coverage mean Coverage 20x (%)
Medidn 144.763.142 95 173,2 90,8
Priimér 158.127.573,4 108,8 179,7 90,4




Vysledky molekularniho vysetreni

» Actionable varianty (level | a ll) byly nalezeny u celkem 29 pacientti (27 %)

 Klinicky vyznamna fize byla pomoci sekvenovani RNA nalezena u 25 pacientu (23%),
pricemz 7 z téchto fuzi bylo terapeuticky cilitelnych.

* Kombinaci WES a komplexni analyzy fuznich genu se podarilo nalézt
terapeuticky ovlivnitelnou variantu celkem u 36 pacientti (33%).

* U vsech tumor( byla stanovend mutac¢ni ndloz (Tumor Mutational Burden, TMB) a u
tumord s TMB>10 mut/Mb (celkem 8 - 7%) také mutacni podpis (mutational signature).

* Molekularné frizena cilena lécba (Ci jeji kombinace) byla podana u celkem 40
pacientti (37%).

Germinalni varianty:

Napf. pac s GBM - potvrzen Constitutional mismatch repair-deficiency syndrome (AR
dédicnost) - 2 zdédéné varianty v PMS2 + mut.ndloZ 175 mutaci/Mb - nivolumab

Mimo to nalezeny jesté prognosticko/diagnostické: H3F3A K27M, HIST1H3B K27M-
DIPGs




Vysledky celoexomového sekvenovani: ukazka protokolu

SOMAT]

Patient code:
Diagnosis:
Material:
Date of biopsy|
Cancer cells cq
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Results:

RARA c.6
PIK3C2B c.5
NFKB2 c.l

F = frequency of {

Fusion genes §
October 2019

Results are divided into thq

1) Variant found

i Protein functid

iil Diseases (gernf
. Variant descri
novel variants

iv. Therapeutic pg
V. Additional co

* Additional information (sequenci

system and variant classification sys|

1) ¢.34G>T/p.G12Cva
i) NRAS proto-on
oncogene encoq
the plasma m
depalmitoylatio
intrinsic GTPas{
inactivated by
activation by gri

to promote cell

ii) Mutations in thi
cancer, autoim

myelomonocyti

Cbioportal.org

urothelial carci
carcinoma as “li
In colorectal adq
NRAS, a GTPase]

and thyroid can

There

panitumumab 4

there is promig

¢.34G>T/ p.G1.

is clinig

Variant has been
Clinical trials:

NRAS G12C serve
open and 5 are c|

are phase 1 (3 op

Trials with NRAS

myeloid leukemig|

Trametinib, binin

frequent therapig|

Significance of NH

NRAS is mutated
0.55% of all malig
Project GENIE: pof
Discovery. 2017;7

NRAS G12Cis an
is open and 0 are

as inclusion criter|

Variant has been
somatic mutatior|
Guo et al, 1998; H
cancer (Vaughn e
to its location wi

commonly found

Variant has beer|
predicted”: NRAS
Nras protein (Un
confer a loss of f
G12C, which rqg

transformation off

Sequencing platform:

Whole exome sequencing (Truseq Exome kit, Illumina) was performed on the NextSeq (lllumina) device using
a NextSeq 500/550 Mid Output Kit v2 (150 cycles) (lllumina) cartridge.

Information about the sequencing run:
The patient was sequenced on the 24 of October 2019.
At least 85% of the target region was covered at least 20 times.

DNA was obtained from the frozen native tissue.

Bioinformatic workflow:
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SOMATIC EXOME ANALYSIS

Patient code: DI2008
Diagnosis: Diffuse intrinsic pontine glioma

Material: DNA isolated from the frozen native tissue
Sample quality: % of cancer cells is NA

Date of sequencing: 10.5.2018
Method: Whole exome sequencing

Library preparation: Truseq Exome kit (Illumina)

Sequencing device:  NextSeq (lllumina)*

Results:

Gene Variant (c.DNA/protein) F (% Therapeutic plan Variant classification*

c.83A>T/p.K28M ** Epigenetic treatment

¢.1799T>A/p.V600E

BRAF/MEK inhibitors

GNAQ  c.736-2_736-1insA *** 11 MEK inhibitors IVe

F = frequency of variant in the tumor sample

** according to former nomenclature and literature referred to as p.K27M.

*** possibly false positive as variant lies in the homopolymer area. Confirmation with Sanger sequencing is
recommended.

Tumor mutation burden (load): Low; 2 mutations/ Mb

Results are divided into the following sections:

1) Variant found

i Protein function
il Diseases (germinal exome)/cancers (somatic exome) described in association with relevant gene
iii. Variant description (localization of mutation in protein structure — if available, associated fenotypes
according to available databases). Prediction algorithms results (in novel variants or variants of
uncertain significance).
iv. Therapeutic possibilities
V. Additional comments, alternative nomenclature (if relevant)

* Additional information (sequencing platform, information about the sequencing run, bioinformatic workflow, variant
filtering system and variant classification system) is listed at the end of the protocol.
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SOMATIC EXOME ANALYSIS RESULTS

Patient code:

MB0705

Diagnosis: Burkitt lymphoma/DLBCL
Material: FF like; cosi 0.85

0.3 - gy: DNA repair
Date of biopsy: 13
Cancer cells content: 90
Date of sequencing: 9.4

0.2
Method: Wi
Library preparation: Try
Sequencing device: Ne|

0.1 A
Results:
Gene Variant (c.DNA |

o _._l...I.I.I.l-I..,,,,,,..,.,,,,ll 1.1 II II I | P — IIll- ..................
TP53 c.821T>C/p.V2
csosveror| [ L
ATM c.640del/p.S2
CCND3 c.811dup/p.R2 c>A oG oT A T>C
PTEN c.521A>G/pY]
INhibitors
ROS1 €.3989A>T/p.N1330I 53 Cabozantinib, ceritinib, IVa
€.2122T>C/p.S708P 48 crizotinib IVa

F = frequency of the variant in the tumor sample

Tumor mutation burden (load): High; 107 mutations/ Mb

Fusion genes analysis result: will be completed




Vysledky celoexomového sekvenovani: ukazka protokolu

FUSION GENES ANAL

Patient code: 0D9908
Diagnosis: Pilocytic astrocytoma
RNA isolated from the F

Cancer cells is NA

Material:

Sample quality:

Date of biopsy: 15.11.2017
Date of analysis: 30.7.2018
Method: Gene expression analys

Library preparation:  TruSight RNA Pan-Cance|

Sequencing device: NextSeq (lllumina)

Results:

FAM131B-BRAF fusion gene has been dfjtected

FAM131B-BRAF fusion has been originally de

fusion resulting from 7q34 deletion comprises

pilocytic astrocytoma. Acta Neuropathol (2011)

Targeted therapy

Jain et al, 2017 in Overcoming resistance to si
combinatorial targeting of MAPK and PI3K/mT]|
demonstrate effectiveness of multiple MEK]
partners, with trametinib being the most pote
increased RTK expression causing activation of
clones. To circumvent acquired resistance, we
and everolimus, an mTOR inhibitor (mTORi) a
and MEKi PLGG clinical trials are underway, ou
mTORi combinatorial therapy to stave off or
PLGGs.”

Sample was evaluated on all genes analysed by

SOMATIC EXOME ANALYS

Patient code: OH9610
Diagnosis: Synovial sarcoma — lung mej
Material: DNA isolated from the froze]
Sample quality: % of cancer cells is NA
Number of biopsy: 0822018

Date of sequencing: 18.9.2018

Method: Whole exome sequencing
Library preparation: Truseq Exome kit (lllumina)

Sequencing device:  NextSeq (lllumina)*

CHICEITEC

CEITEC —(

Kameni

of Technology
Republi

an Instit
) Brno, Czec

ntral Eu

SOMATIC EXOME ANALYSIS RESULTS

Patient code: JH1903

Diagnosis: Kaposiform hemangioendothelioma/locally aggressive lipofibromatosis-like
neural tumor

Material: DNA isolated from the FFPE sample (1267/19/DB bl.1)

Date of biopsy: 17.7.2019

Cancer cells content: 60%
Date of sequencing: 14.8.2019

Method: Whole exome sequencing
Library preparation: Truseq Exome kit (lllumina)

Sequencing device:  NextSeq (lllumina)*

Results:
Gene Variant (c.DNA/protein) F(%) 1
GNAQ c.286A>T/p.T96S 6

F = frequency of variant in the sample

hlysis result: GOPC-ROS1 positi

Fusion genes a
RNA Pan-Cance

Tumor mutation burden (load): Low; 3 mutations

Results are divided into the following sections:

1) Variant found

i. Protein function
ii. Diseases (germinal exome)/cancers (soma
i Variant description. Prediction algorith

significance).
iv. Therapeutic possibilities
V. Additional comments, alternative nomenc

* Additional information (sequencing platform, information ab

system and variant classification system) is listed at the end of the|

Results:
There are no variants found with known or potential clinical significance.

All alterations found are listed in the protocol supplement.

Tumor mutation burden (load): Low; 3 mutations/ Mb

Fusion genes aflalysis result: TPM3-NTRK1 positive (sequenced off the 14t of August 2019 with the

TruSight RNA P, = eport for fusions analysis

Results are divided into the following sections:

1) Variant found

i Protein function
ii. Diseases (germline exome)/cancers (somatic exome) described in association with relevant gene
i Variant description and its effect on protein function (if available). Prediction algorithms results (in
novel variants or variants of uncertain significance)
iv. Therapeutic possibilities
v.  Additional comments, alternative nomenclature (if relevant)

* Additional information (sequencing platform, information about the sequencing run, bioinformatic workflow, variant filtering
system and variant classification system) is listed at the end of the protocol.
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Tekuta biopsie : aktualni stav
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Patient case 3: Secondary
glioblastoma

Patient presentation, initial diagnosis and treatment

Jan 2014

* Diagnosis: bifocal invasive colon adenocarcinoma
(G2, pT2, pN1a, pMO, llIA)

*  Mutations: KRAS

*  Treatment: hemicolectomy + FOLFOX
1. CCR OS 58 months

______

...but a very strange tumour for a child...

Case courtesy of Jaroslav Sterba, University Hospital Brno, Czech
Republic.

Patient profile

@ e Male, 14 years old
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Patient case 3: Secondary
glioblastoma

Medical background
Germinal exome sequencing identified biallelic CMMR-D: Constitutional mismatch repair-deficiency
* Both parents: healthy carriers syndrome (CMMR-D)
* Both sons: composed heterozygotes * Syndrome related to changes in
MLH1, MSH2, MSH6, PMS2 or EPCAM
genes

Gene Variant Frequent and early occurence of colon

PMS2  c.2521delT/p.W841fs cancer, haematological malignancies and
¢.2T>A/p.M1K brain tumors (malignant gliomas, high

MET €.2975C>T/p.T992! grade glioma)

¢.1792C>T/p.H598Y *  Typically TMB-high
NTRK1 . 1820G>T/p.G607V

MYC ¢.1213G>T/p.A4055

CMMR-D: constitutional mismatch repair
deficiency syndrome; TMB: tumour mutational 35
burden.



Patient case 3: Secondary
glioblastoma

Diagnostic work-up on proven CMMR-D

Jan 2014 Mar 2017

Secondary malignancy glioblastoma diagnosed

Diagnostic MRI Histopathology

______

PNET .component

Based on
proven
bCMMR-D
follow-up,
paradigm
changed to
whole body
MRI

CMMR-D: constitutional mismatch repair
deficiency syndrome; MRI: magnetic
resonance imaging;

PNET: orimitive heuroectodermal tumour

36



Patient case 3: Secondary
glioblastoma

Treatment decision and early progression

Jan 2014 Mar 2017 April 2017

MRI scans revealed
early progression

e Subtotal tumour
resection with early
postoperative
progression

______

* Radiotherapy +
concomitant
alkylating
chemotherapeutic agent
/metronomic schedule/

MRI: magnetic resonance imaging.



Patient case 3: Secondary
glioblastoma

Genomic profiling performed

Germline exome analysis Somatic exome analysis
e DNA purified from peripheral blood e DNA purified from FFPE sample
e Whole dataset (exome) evaluated e Whole dataset (exome) evaluated +

e Variants were filtered on the FoundationOne® gene
set (315 genes)

Exome analysis methods: TruSeq® Exome kit, NextSeq™ 500 (lllumina®)

FFPE: formalin-fixed paraffin-embedded. 38



Patient case 3: Secondary

glioblastoma

Somatic mutations in glioblastoma sample

PIK3CA €.1360G>T/p.D454Y
€.2422C>T/p.R808W
€.2746C>T/p.R916C

PIK3R1 c.37G>A/p.G13R
c.418C>T/p.R140W
PDGFRA c.863A>G/p.Y288C

c.1715A>C/p.Y572S
€.3265C>A/p.L1089M

KDR ¢.3352C>T/p.R1118X
c.2830C>T/p.R944X

*  MSI-high
- TMB-high (384.23 / MB)

BRCA2 c.52C>T/p.R18C
€.5292dupA/p.S1764fs
€.6952C>T/p.R2318X
€.2162C>T/p.A721V

DNMT3A
c.1679G>A/p.R560H
€.1492G>A/p.V498I
€.233C>T/ p.S78F
7P53 c.448C>T/p.R150W
RET €.2437C>T/p.R813W
PTEN €.180G>T/p.K60ON

€.922C>T/p.R308C

MSI: microsatellite instability; TMB: tumour
mutational burden. 39



Patient case 3: Secondary
glioblastoma

Molecularly-guided therapy

Prior immunotherapy 3 months 6 months 18 months

Based on high TMB: immune
checkpoint inhibitor (anti
PD-1) + autologous dendritic
cell vaccine* producing IL-12
+ valproic acid +
metronomic low dose
alkylating agent

Frmmm e e mm o

40

* EudraCT number 2014-003388-39.
TMB: tumour mutational burden.



Patient case 3: Secondary
glioblastoma

Patient follow-up

Prior immunotherapy Recent follow-up (week 73)

e Gradual response on FLT-PET MRI

* Decreasing tumour size and PET avidity

* Able to attend school (outpatient treatment)

* Karnofsky 90

g g g g g gy g g g g g

FLT-PET: fluoro-L-thymidine-positron emission
tomography; MRI: magnetic resonance
imaging;

PET: positron emission tomography.
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Souhrn

Od 08/2016 - 08/2018 jsme provedli analyzu germinalniho a somatického exomu,
a komplexni analyzu fuznich genli u celkem 109 déti

Actionable varianty (level | a Il) byly nalezeny u celkem 29 pacientti (27 %)

Klinicky vyznamna faze byla pomoci sekvenovani RNA nalezena u 25 pacientt
(23%), pricemz 7 z téchto fuzi bylo terapeuticky cilitelnych.

Kombinaci WES a komplexni analyzy flaznich genti se podafilo nalézt terapeuticky
ovlivnitelnou variantu celkem u 36 pacienti (33%).

U vSech tumort byla stanovena mutacni naloz (Tumor Mutational Burden, TMB) a u
tumor( s TMB>10 mut/Mb (celkem 8 - 7%) také mutacni podpis (mutational
signature).

Molekularné rizena cilena Iécba (Ci jeji kombinace) byla podana u celkem 40
pacientu (37%).

Pti verifikaci nezavislou FDA-approved metodou jsme dosahli 100% shody v
identifikaci actionable mutaci, a vysoké korelace TMB
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