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GERMLINE VERSUS SOMATIC
Gregor Mendel & Germline Genetics

Law of segregation - Each gamete contains one or the
other of two allelomorphic factors (alleles) later found to fit
meiotic separation of pat and mat chromosomes

Law of independent assortment - Pairs of alleles from
different genes enter gametes independetly of one another
p Q T}Q except if genes closely located on same chromosome
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GENETICS: A GERMLINE POINT OF VIEW
Example of huntington (AD inheritance)

NATURE VOL. 306 17 NOVEMBER 1983
Gusella etaT.
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The classical field of genetics
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000 CANCER IS A GENETIC DISEASE

Per generation: 60-70 de novo single nucleotide variants in the genome

Per cancer: 32.000 - 3.200.000 de novo single nucleotide variants

NSCLC
Pancreatic Breast Kidney RCC Cervical Liver Colorectal Ovarian Head Neck Bladd d cinoma NSCLC SCC Melanoma
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Somatic mutation prevalence
(number mutations per megabase)

0.1

™~
.

. . . L]
mm TCGA FOCR TMB
I PSNL FOCR TMB

Each dot represents a single patient sample. The horizontal red lines indicate the median number of mutations in each respective
cancer and cohort. The vertical axis (log-scaled) shows the number of mutations per megabase, segregated by the various cancer
types investigated. The estimation of TMB was determined utilizing the FOCR ‘Uniform TMB Calculation Method’ (Merino et al. 2020).

. Cohorts:
- FOCR Exome-derived TMB from TCGA samples (from Merino et al. 2020)

I
- NeXT Exome-derived TMB using Personalis NeXT DB samples
universitair Titel van de presentatie m
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Acquired (environmental) |— | NORMAL CELL
DNA damaging agents:
* chemicals Successful
* radiation DNA repair
* viruses Y
DNA Damage
Sﬂ"'\“ °'. «——| Inherited mutations in:
y g ool » Genes affecting DNA repair
* Genes affecting cell
Mutations in the
genome of e growth or apoptosis
somatic cells
Activation of Alterations of Inactivation of
growth-promoting genes that cancer suppressor
oncogenes regulate apoptosis genes

et | i

A

Expression of altered gene products
and loss of regulatory gene products

Clonal expansion

Additional mutations (progression)

Heterogeneity

Malignant neoplasm
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000 HALLMARKS OF CANCER

Hallmark capabilities Enabling factors Emerging hallmarks

Yy ) CD8+ T cell ; ROS St ¥,
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000 TUMOR PROFILING
Why do we characterize tumors?

Diagnosis Classification Prognosis Th%ﬁg?:ﬁc

¥

« Elucidation of
mechanism of cause

» |dentification of cancer
biomarkers

+ Therapeutic targets

=i ¥

Howand why Isitbenign? Whichclassof Whatare my Which treatment?
cancer? chances?
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000 TUMOR GENETICS

How do we genetically characterize tumors?

gunellffr:;t?;r Titel van de presentatie m
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000 TUMOR PROFILING
SAMPLES - processing by anatomopathology

Sampling

Resection ]
Needle biopsy Bone marrow

aspirate

glne'::r:f]'jir Tumor genetics & implications for clinic m
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Formalin Fixed & Paraffin Embedded (FFPE)
* Preservation of tissue structure
e Storage and handling

Universitair
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000 TUMOR PROFILING

SAMPLES - processing by anatomopathology

Recommendations

H&E staining

- min. 10% neoplastic cells <> germline = 100% cells

- tumor enrichment (macrodissection)

- no necrotic tissue

- fixation: min 6h, max 48-72h, in 10% neutral buffered formalin solution

! _ . +
(2 ;2:;:;‘5?; FFPE Storage. max = 3yearS Tumor genetics & implications for clinic m
Brussel | 13




FFPE DNA LIBRARY PREP CHALLENGES

Damaged/ I
‘e —

fragmented — GAUTAC
DNA Overhang CTGATC

.
GACTAC
——— CTGATC
Low DNA input Non-uniform DNA ends DNA damage

Negative effects on downstream sequencing
G A C T A C

=z I VaV:VAVAVAL

Chimeric reads Sequencing artifacts & false positives
Result from single-stranded Cytosine deamination and oxidative
overhangs annealing with damage can lead to the introduction

Ziekenh‘uis. Other DNA fragments Of erroneous bases clinic m
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000 DEAMINATION DUE TO FFPE STORAGE
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000 ALTERNATIVES TO TUMOR SAMPLES
Liquid biopsies: circulating tumor DNA

Skilled
medical staff

Histological tumour
sample evaluation

Pleural fluid
Tumour ) ctDNA
biopsy via Thoracocentesis is?Iated
— rom —
i -
Py - Molecular
testing
Plasma
P CtDNA —
Hospital analysis
resources
Blood draw to e
obtain liquid B b
— 5 isolated Cytological
! biopsy from = analysis
Patient plasma
co-morbidity
Plasma
[ Nagasaka, M., Uddin, M.H., Al-Hallak, M.N. et al. Liquid biopsy for therapy monitoring in early-stage
‘ z g;.:;:?i?;r non-small cell lung cancer. Mol Cancer 20, 82 (2021). https://doi.org/10.1186/s12943-021-01371-1 Titel van de presentatie m
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000 MOLECULAR TUMOR PROFILING

— o n
3 Sy ~ e o
NNNM /_ B CAGTGATAGCGT
I - TTAACTGCATCCA
/ | [ ] C — o)
D NA Extration Library Next-Generation Gene Mutation
Preparation Sequencing Analysis

* Targeted Sequencing (hotspots)

* Panel Sequencing (3 - 500 genes)

* Exome Sequencing (all coding genes) = - B
 RNAseq (eg. gene fusions, transcriptomics) '—— e S

* High sensitivity & specificity (>99%)
 Upto 1% allel frequency

Universitair Tumor genetics & implications for treatment
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ACMG GUIDELINES ARE NOT SUITABLE

P Benign o Pathogenic
~ T A
Strong Supporting Supporting Moderate Strong Very strong
Population MAF is too high for Absent in population Prevalence in
data disorder BA1/BS1 OR databases PM2 affecteds statistically
observation in controls increased over
inconsistent with controls PS4
disease penetrance BS2
Computational Multiple lines of Muitiple lines of Novel missense change Same amino acid Predicted null
and predictive computational evidence computational at an amino acid residue change as an variant in a gene
data suggest no impact on gene evidence supporta where a different established where LOF is a
/gene product BP4 deleterious effect pathogenic missense pathogenic variant known
on the gene /gene change has been seen PS1 mechanism of
Missense in gene where product PP3 before PM5 disease
only truncating cause PVS1
disease BP1 Protein length changing
variant PM4
Sitent variant with non
predicted splice impact BP7
In-frame indels in repeat
wiout known function BP3
F 1 Well ished Missense in gene with Mutational hot spot Well-established
data functional studies show low rate of benign or well-studied functional studies
no deleterious effect missense variants and functicnal domain show a deleterious
BS3 path, missenses without benign effect PS3
common PP2 variation PM1
Nonsegregation Cosegregation with
& i with di BS4 disease in multiple .
da;; 9 affected family Increased segregation data i
members PP1
De novo De novo (without De novo (patemity and
data paternity & maternity maternity confirmed)
confirmed) PM6 PS2
Allelic data Observed in trans with For recessive
a dominant variant BP2 disorders, detected
in trans with a
Observed in ciswith a pathogenic variant
pathogenic variant BP2 PM3
Other Reputable source w/out Reputable source
database shared data = benign BP6 = pathogenic PP5
Found in case with Patient's phenotype or
i L Other data an alternate cause FH highly specific for
Universitair 8P5 gene PP4
Ziekenhuis
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000 TUMOR PROFILING

ComPerMed - Biological classification variants (snv & small indels)
Richards et al. Genet Med 2015

Exonic and splice variant fulfill technical validation No Ignore N _ H' H :
(Lab-specific thresholds for coverage and VAF, artefact, etc....) repe;r ==> assay-specific requirements (QC' thresholds, artefacts, )
Yes
Common variants in the population Yi, M-b: ‘ H ’ h : b d 0f —
A eiEbesod NAR 1% (GromAL), EXD 1000 géndiid) _ ==) ‘common variants’ - any ethnic based MAF > 0,1% =>
- - probably benign (class 2) / benign (class 1)
Y e . . .
n Consensus ogenic Varian i . =
InC Pathogenic Variants (CPV) list* Puthogenie ==) ‘consensus pathogenic variants’ => pathogenic (class 5
| No No
No clear LoF mutation Clear LoF mutation
(missense, in-frame indel) (fs, stop, AG/GT splice) - s . .
e naomenetie | ™= LoF (stop, fs, splice site)
- . o ‘ e In TSG => probably pathogenic (class 4)
¢ ng system’ n Oncogene** nTs gene**
(see scoring table) I I In oncogene => VVUS (class 3)
P aN Probably i i )
- @ No clear LoF (missense, in frame indel):

Scoring: Cosmic db, in silico prediction of structure and
function, functional studies in literature, ...
Universitair => probably pathogenic (class 4) or VUS (class 3)

Ziekenhuis
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000 TUMOR PROFILING

ComPerMed - Clinical classification variants (snv & small indels)
Li et al. ) Mol Diagn 2017

strong clinical significance (tier 1)

FDA approved - specific tumor
Professional guidelines - specific tumor
Consensus in literature - specific tumor

potential clinical significance (tier ll)
Preclinical studies

No consensus in literature

Inclusion criteria in Clinical Trial

FDA approved for another tumor type

Universitair
Ziekenhuis
Brussel
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Tier I: Variants of
Strong Clinical
Significance

Therapeutic, prognostic &
diagnostic

FDA-approved therapy

Included in professional
guidelines

Well-powered studies
with consensus from
experts in the field

Tier II: Variants of
Potential Clinical
Significance

Therapeutic, prognostic &
diognostic

FDA-approved therapies
for different tumor types
or investigational
therapies

Multiple small published
studies with some
CONSensus

Preclinical trials or a few
case reports without
consensus

Tier lll: Variants of
Unknown Clinical

Significance

Not observed at a
significant allele
frequency in the general
or specific subpopulation
databases, or pan-cancer
or tumor-specific variant
databases

No convincing published
evidence of cancer
assocation

Tier IV: Benign or
Likely Benign Variants

Observed at significant
allele frequency in the
general or specific
subpopulation databases

No existing published
evidence of cancer
association

class 5
class 4

class 5
class 4

class 5
class 4
class 3

class 2
class 1




000 TUMOR GENETICS: WHAT?

Relevant pathways in cancer

niversital Titel van de presentatie m
Ziekenhuis
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000 THE PRINCIPLE OF DOMINANCE AND RECESSIVENESS

Normal Cell Division Malignant Cell Division
Normal Normal Mutated Mutated
tumor-suppressor gene proto-oncogene tumor-suppressor gene proto-oncogene

|~ Py

Cell cycle ) Abnormal ) ,
Loss of function Gain of function
under control cell cycle

Normal cells Cancer cells

2

Universitair Titel van de presentatie m
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Tumor Suppressor Genes

Normal Tumor Suppressor Genes
(Slow down cell growth)

1st Knockout Mutation
(Susceptible carrier)

2nd Knockout Mutation
(Leads to inability to stop growth)

Universitair - ’
Ziekenhuis ‘m
Brussel 08-02-17 23
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KUNDSON’S TWO HIT HYPOTHESIS

Tumor Suppressor Genes

Normal individual Hereditary retinoblastoma
Inherited
mutant
RB gene

v v v | & v v v
Occasional deletion of one Occasional inactivation of other
of the two RB genes functional RB gene copy
Excessive cell
proliferation, leading
to retinoblastoma
No tumor formation Tumor formation

g;l::r:;tas‘r Titel van de presentatie m
prussel 08-02-17 | 24



000 SUSPICION HEREDITARY CANCER

Tumor biomarker Genetic testing for
testing inherited mutations .
' .' Recognize !
Approach and considerations

Action !
Refer to genetic counseling & genetic

testing

Universitair Titel van de presentatie m
Ziekenhuis
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000 TUMOR PROFILING
Recognize potentially germline ?

Pathogenic variants in cancer susceptibility genes
Cancer is associated with cancer predisposition syndromes
Case dependent

- Young age at diagnosis (< 50 years)

- Cancer in family

- Multiple primary tumors in patient
Allelic frequency

H&E staining

Universitair
Ziekenhuis
Brussel
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000 TUMOR PROFILING
Variant allele frequency vs tumor percentage in theory

FFPE slide Variant allele frequency Somatic vs Germline
<25% likely somatic
25-75% likely germline -/+
Normal cells >90% likely germline +/+

Tumoral cells

<25% likely somatic (subclonal?)
25-75% germline +/- or somatic
>90% likely germline +/+
Normal cells
Tumoral cells
<25% likely somatic (subclonal?)
25-75% germline +/- or somatic
>90% germline +/+ or somatic

Universitair
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TUMOR PROFILING
Implications for treatment

Discovery Diagnosis Classification Prognosis Therapeutic
v Choice

¥

+ Elucidation of
mechanism of cause
« Identification of cancer 3
biomarkers : ;‘
i
=
- LY
] ,

2

» Therapeutic targets

Howand why Isitbenign? Which class o
cancer?
2
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e ey
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Stage 3

NON-SMALL CELL LUNG CANCER R %“ -

Malignant Cell Division

Mutated

Mutated
tumor-suppressor gene

proto-oncogene

1/\1

Abnormal ) .
Loss of functlon Gain of function
cell cycle

Cancer cells

Targeted therapy focuses on the molecular inhibition
of cancer-specific defects which generally
underly the malignant transformation



NON-SMALL CELL LUNG CANCER

TARGETED THERAPY

FGFR1 or FGFRZ 0.7% RIT10.2%
HRAS 1.2%

NRAS 1.2%
MAP2K1 0.7%

ERBBZ amplification 2.7%
MET amplification 2.5% &~
RET fusion 2.3%—{
ROS1 fusion 1.9%

ALK fusion 4.4%

MET splice 3.0%

ERBB2 3.8%

NF1 truncation 1.9%

Data from MSK-IMPACT (Jordan et al.*) and )
FoundationOne (Frampton et al.”®) panels (n = 5262) Cell growth + survival
Angiogenesis
o ) Migration/Invasion
Skoulidis F et al. Nature Reviews Cancer 2019 19:9, 2019;19:495-5009.



EGFR TARGETED THERAPY

FGFR1 or FGFR2 0.7%

HRAS 1.2%

NRAS 1.2%

MAP2K1 0.7%

ERBB2 amplification 2.7%
MET amplification 2.5%

RET fusion 2.3%
ROS1 fusion 1.9%

RIT10.2%

ALK fusion 4.4%

MET splice 3.0%

ERBB2 3.8%

NF1 truncation 1.9%

delL747-P753insS (sense)
_

Wild type

s ﬂl‘l‘nl" i
|| ity

L858R mutaticn

ﬂ\gﬂﬂf\m ol

1 (1

delE746-A750 (sense!

w{‘l“ ’\ﬂ m e

‘‘‘‘‘‘

full wmﬁim” ]

delE746-A7SO ‘anhsense]

Wild type

L861Q mutation

%ﬂ% MJA

C

dell747-T751insS (sense)
ko0 S doihisadl

'

s W,

delL747-T751insS [anl:sense}

V" M ik j\t

L domain
r i
domain
Receptor
L domain
Extracellular domain
I I Transmembrane region
Intracellular domain
= G719C
|
Catalytic ‘ delE746-ATS50
kinase ! -“delL747—T751insS
domain delL747-P753insS
|- L858R
| L861Q
|
Y1068 —= l I

L

STAT3 MAPK
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1.0+ Hazard ratio, 0.74 (95% CI, 0.65-0.85)
£ P<0.001
c 0.8 Events: gefitinib, 453 (74.4%); carboplatin
2 ' plus paclitaxel, 497 (81.7%)
3
?? 0.6
2
£S5
own 0.4+
E'g Carboplatin
= 0.2+ plus Gefitinib
g paclitaxel
0.0 T T T T T 1
0 4 8 12 16 20 24
Months since Randomization
No. at Risk
Gefitinib 609 363 212 76 24 5 0
Carboplatin plus 608 412 118 22 3 1 0
paclitaxel

B EGFR-Mutation—Positive

1.0+ Hazard ratio, 0.48 (95% Cl, 0.36-0.64)
£ P<0.001
& 0.8 Events: gefitinib, 97 (73.5%); carboplatin
2 ' plus paclitaxel, 111 (86.0%)
3
EE 0.6+
£
A 044
£ Carboplatin Gefitinib
< 0.2+ plus
8 paclitaxel
o
0.0 T T T T T 1
0 4 8 12 16 20 24
Months since Randomization
No. at Risk
Gefitinib 132 108 71 31 11 3 0
Carboplatin plus 129 103 37 7 2 1 0
paclitaxel

C EGFR-Mutation-Negative

D Unknown EGFR Mutation Status
1.0+ Hazard ratio, 0.68 (95% Cl, 0.58-0.81)

1.04 Hazard ratio, 2.85 (95% Cl, 2.05-3.98)

k- P<0.001 §: P<0.001

c 0.8 Events: gefitinib, 88 (96.7%); carboplatin = 0.8 Events: gefitinib, 268 (69.4%); carboplatin

2 ; plus paclitaxel, 70 (82.4%) 2 : plus paclitaxel, 316 (80.2%)

g _ g

g 0.6 Fn.g 0.6

£t 3

own 044 @ 04-

2 o ; it

= Carboplatin plus = Carboplatin Gefitinib

e 0.2 » < 0.2+ lus

% paclitaxel _§ P

s paclitaxel
& Gcﬂtlnlb &
o-c 1 ] T L L] 1 o-c 1 I 1 ] 1 1
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Months since Randomization Months since Randomization
No. at Risk No. at Risk
Gefitinib 91 21 B 2 1 0 0 Gefitinib 386 234 137 43 12 2 0
Carboplatin plus 85 58 14 1 0 0 0 Carboplatin plus 394 251 67 14 1 0 0
paclitaxel paclitaxel
IPASS trial

* Unselected NSCLC patients: response rates of 9-19% (pmip: 12748244, PMID: 14570950)

* Selected NSCLC patients (EGFR mut): response rates of >70% (pmip: 20573926)




Progression-freesurvival (%)

SMALL MOLECULE INHIBITORS

Afatinib: median 13.7 months (95% C1 11.5-13-9)
Gemcitabine and cisplatin: median &-6 months (5-1-6-8)
HR 0-26 (95% C1 0-18-0-36), p<0-0001

20 —
5
ol N s
b EGFR inhibitor
40- - HL (afatinib)
20 S
chemotherapy ..

0 | I | | | | | | | |

] 3 [} 9 12 15 18 21 24 7 a0

Time (months)

Clinical trial: LUX-Lung 6

Probability of Overall Survival

1.0+

Hazard ratio, 0.80 (95.05% Cl, 0.64—1.00)
P=0.046

Osimertinib

Median Overall Survival
(95% CI)
mo
Osimertinib  38.6 (34.5-41.8)
Comparator 31.8 (26.6-36.0)
EGFR-TKI

Comparator EGFR-TKI

I
3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54

Months since Randomization

Clinical trial: FLAURA



EXTRACELLULAR

VIATRIX @ Indications
mAbs EGFR/HER activating mutations
[ ceruxivas | i * Ex19 in-frame del/ins
[PANITUMUMAB] i * EGFR TKD L858R, S7811, S768I, L861Q, G719X
| NECTUMUMAS | * EGFR extracellular domain A289V
EGFR/HER amplifications
EGFR
——o0 T
15t generastion Contra-indications
SO _erwonnie EGFR “resistance” mutations
{ f;:;'l:': } * Ex20in frame insertions (resistance to 1st and 2nd
2 generation second generation TKI)
l l [__AFaTINIB__ ) * T790M (acquired resistance to 1st and 2nd generation
| pACOMITINIB | TKI)
@ [ VANDETANIB | . _ .
| | [ neraTviB ) * C797S (acquired resistance to 3rd generation TKI)
Cell 314 generation « D761Y, L747S, T854A (uncommon resistance mutations)
proliferation l————'l‘;';l"m I «  G465R, S492R (resistance to mAbs)
and survival _owumine | MET amplifications
CYTOSOL |_NaauoTinis | Loss of NF1/PTEN
- Activating KRAS/NRAS/BRAF mutations
U girneulg%?ir Clinical development of targeted and immune based anti-cancer therapies. Seebacher et al., 2019 2 ‘m



000 TARGETING BRAF AND MEK

Receptor Indications
EXTRACELLULAR i . . .
A e BRAF activating mutations
* V600E

* non-V600E (D594G/V, G469A/V, in-
frame del exon 12)

NRAS activating mutations
* @G12X, G13X, A59T, Q61X

Contra-indications
DABRAFENIB * Loss of NF1/PTEN

4
I

Cell proliferation
cyTosoL and growth
!
Universitair . . . . -
. : i . . . Tumor genetics & implications for clinic
( Z E'ekenlhu‘s Clinical development of targeted and immune based anti-cancer therapies. Seebacher et al., 2019 d P | 35 ‘m
russe




Universitair
Ziekenhuis
Brussel

BRAF inhibitor naive
e®

BRAF inhibitor
s ®

Published: 26 January 2012

Unresponsiveness of colon cancer to BRAF(V60OE)
inhibition through feedback activation of EGFR

Anirudh Prahallad, Chong_Sun, Sidong Huang, Federica Di Nicolantonio, Ramon Salazar, Davide Zecchin

Roderick L. Beijersbergen, Alberto Bardelli & René Bernards ™

Nature 483, 100-103 (2012) | Cite this article

41k Accesses | 1471 Citations | 110 Altmetric | Metrics

Titel van de presentatie
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000 TARGETING BRAF AND MEK (+EGFR M-AB)

EXTRACELLULAR
Receptor MATRIX
Tyrosine

Kinase mAbs @ O

| CETUXIMAB |
| PANITUMUMAB 0

| NECITUMUMAB

EXTRACELLULAR
MATRIX

N

EGFR
TKils
BRAF I _ 1%t generation

/\ ERLOTINIB |
( :: )‘/ [ GermiNi |
T. LAPATINIB |

AFATINIB
= = =
| |

2"d generation
NERATINIB
Cell 3rd generation

0

—

COBIMETINIB

TRAMETINIB

—

il
3y

il

proliferation
Cell proliferation and survival
CYTOSOL and growth erahat

Universitair

) : . . . . Tumor genetics & implications for clinic
E'ekenlhws Clinical development of targeted and immune based anti-cancer therapies. Seebacher et al., 2019 g P ‘m
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Lung cancer

March 2022

IF Mon squamous cell carcinoma
(presence of an ADC component OR poorly differentiated carcinomas where an ADC cannot be excluded)

In parallel or sequentially

TEST MET exon 14
skipping (RMAsag®)

TEST Mutational status of (EGFR, KRAS, TEST POL1 TEST ALK, rea.

BRAF, MET exon 14 skipping, HER2) (IHT/IS TEST ROS1 rearr. (IHC)

IF EGFR OR ERAF

OR MET 14 exon IF IHC ROS1 positive IF pos.
skipping OR HER2 it Tl
mut

IF rearr. IF rearr.

W W \L Jf W
) depending an PDL1 and the
Targeted therapy Mutually exclusive driver mutational status : Targeted therapy Targeted therapy Targeted therapy
with (EGFR, ALK, '

RET, BRAF, ROZ1) - Immunotherapy

AND ton malecul - Combination
stop I. olecutar Immunotherapy with
testing

chamatherapy
- Chemotherapy

TEST MTRK1, NTRK2, NTRK . ALK, ROS1, MET exon 14

Test lewvel 1 & 24 : Molecular tests are recommended

Universitair These workflows are considerad as a tool for good clinical
practice, Some of the recommended molecular tests present

Ziekenhuis
Brussel inthe workflows are not yet reimbursed by the INAMI/RIZIV. Test level 2B : Molecular tests are not yet recommened m




old male - NSCLC - 20% neoplastic cells

58 year-old male

Never smoker

Cough

Shortness of breath

CT shows mass in the lung

Universitair
Ziekenhuis ‘m
Brusse | 17-11-2020 39



000 TUMOR PROFILING
58-year-old male - NSCLC - 20% neoplastic cells

Variant annotation VAF Biological classification
NM_005228.4(EGFR):c.2237_2255delinsT p.(Glu746_Ser752delinsVal) 21% VAF pathogenic
NM_006218.3(PIK3CA):c.3140A>G p.(His1047Arg) 4.17% VAF pathogenic
NM_000059.3(BRCA2):c.9117G>A p.(Pro3039=) 56% VAF likely pathogenic

Normal cells
Tumoral cells

Ziekenhuis

Brussel 17-11-2020 I 40
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58-year-old male - NSCLC - 20% neoplastic cells

Variant annotation VAF Biological classification
NM_005228.4(EGFR):c.2237_2255delinsT p.(Glu746_Ser752delinsVal) 21% VAF pathogenic
NM_006218.3(PIK3CA):c.3140A>G p.(His1047Arg) 4.17% VAF pathogenic
NM_000059.3(BRCA2):c.9117G>A p.(Pro3039=) 56% VAF likely pathogenic

== EGFR TKI

== Olaparib
Germline?

Patient harbours a NSCLC with a classical exon 19 deletion. First line treatment is EGFR TKI osimertinib.
Upon disease progression, explorative studies such as olaparib (not in study) or alpelisib (not in study) can be

used. Alpelisib and Olaparib may not be effective in this cancer.

Genetic councelling for BRCA2 is recommended.
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TUMOR PROFILING

64-year>old male - NSCLC meta - 40% neoplastic cells

Variant annotation VAF Biological classification
NM_000546.5(TP53):c.824G>T p.(Cys275Phe) 34% VAF likely pathogenic
NM_001127500.2(MET):c.3082+3A>G p.? 43% VAF likely pathogenic
NM_006218.3(PIK3CA):c.1342G>T p.(Vald48Leu) 12% VAF VUS
NM_001982.3(ERBB3):c.3812del p.(Glyl1271Valfs*22) 26% VAF VUS
NM_001127500.2(MET):c.3433G>T p.(Glu1145%*) 12% VAF VUS

Uz

Universitair
Ziekenhuis
Brussel

Normal cells

Tumoral cells
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900 TUMOR PROFILING ‘

64-year>old male - NSCLC meta - 40% neoplastic cells

Variant annotation VAF Biological classification
NM_000546.5(TP53):c.824G>T p.(Cys275Phe) 34% VAF likely pathogenic
NM_001127500.2(MET):c.3082+3A>G p.? 43% VAF likely pathogenic == MET inhibitor
NM_006218.3(PIK3CA):c.1342G>T p.(Val448Leu) 12% VAF VUS S Alpelisib?
NM_001982.3(ERBB3):c.3812del p.(Gly1271Valfs*22) 26% VAF VUS
NM_001127500.2(MET):c.3433G>T p.(Glu1145%) 12% VAF VUS |=> MET inhibitor?

Patient with a MET exon 14 skipping. Crizotinib or capmatinib (pref.)
The PIK3CA and MET VUS are no indication/ contra indication for therapy.

A Best Response to Capmatinib — MET Exon 14 Skipping Mutation

Nu Prﬁiﬂuﬂ C legression-ﬁeeSurvival—METExon 14 Skipping Mutation
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DNA DAMAGE PATHWAY
Implications for germline mutations and therapy
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DNA DAMAGE PATHWAY
00¢ Implications for germline mutations and therapy
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Implications for germline mutations and therapy

Mutations in genes involved in mismatch repair or BER
Replicative ° MSHZ, MSH6, PMSZ, MLH1
mismatch  MLH1 promoter methylation (non-heriditary)
Mutations in genes involved in DNA replication
 POLE, POLD1

Tumor types
MMR | Colorectal cancer
MSH:2 Gynaecological origin
PMS2_ | MLH1
L _ - Clinical implications
Associated with microsatellite instability
WSH?
] | I || | .
A E C E ! Germline: Lynch syndrome (HNPCC)
T AL At risk for Colorectal cancer, gynaeco cancer, upper Gl, urological
.x‘.. __
¥
S Therapy:
Indication for adjuvant chemotherapy
. Indication for immunotherapy (checkpoint blockers)
Ziekenhuis State-of-the-art strategies for targeting the DNA damage response in cancer. Pilié et al., 2019
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DNA DAMAGE PATHWAY
%0 Implications for germline mutations and therapy
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DNA DAMAGE PATHWAY
Implications for germline mutations and therapy ‘

Indications for genetic counseling

Germline BRCA1/2, PALB2: Heriditary breast and ovarian cancer:
At risk for breast cancer, ovarian cancer, prostate cancer,
pancreatic cancer, colorectal cancer

HR |= +| NHEJ
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88-year-old male — CRC early stage - MSI unstable -

Variant annotation VAF Biological classification
NM_000546.5(TP53):c.524G>A p.(Arg175His) 25% VAF pathogenic
NM_007294.3(BRCA1):c.1961del p.(Lys654Serfs*47) 11% VAF likely pathogenic
NM_000179.2(MSH6):c.3261del p.(Phel1088Serfs*2) 15% VAF likely pathogenic
NM_000077.4(CDKN2A):c.220G>A p.(Asp74Asn) 24% VAF likely pathogenic
NM_003482.3(KMT2D):c.7061del p.(Pro2354Leufs*30) 13% VAF likely pathogenic
NM_003482.3(KMT2D):c.7780del p.(Leu2594Trpfs*97) 13% VAF likely pathogenic
NM_003482.3(KMT2D):c.9635dup p.(Phe3213Valfs*2) 18% VAF likely pathogenic
NM_000038.6(APC):c.1690C>T p.(Arg564*) 18% VAF likely pathogenic
NM _000038.6(APC):c.3925G>T p.(Glu1309*) 22% VAF likely pathogenic
NM _000038.6(APC):c.4057G>T p.(Glul353*) 18% VAF likely pathogenic
NM_000051.3(ATM):c.7456C>T p.(Arg2486*) 13% VAF likely pathogenic
NM_003502.3(AXIN1):c.1597C>T p.(Arg533*) 21% VAF likely pathogenic
NM_006015.6(ARID1A):c.3524del p.(Pro1175Hisfs*5) 24% VAF likely pathogenic
NM_006015.6(ARID1A):c.5086_5093del pP.(Tyr1696GInfs*28) 20% VAF likely pathogenic
NM_002354.2(EPCAM):c.259del p.(Ala87Profs*33) 18% VAF likely pathogenic
NM_006231.3(POLE):c.2091dup p.(Phe699Valfs*11) 6% VAF likely pathogenic
NM_000321.2(RB1):c.1049+3A>T p.? 23% VAF likely pathogenic
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88-year-old male - CRC- 80% neoplastic cells - MSI unstable

Variant annotation VAF Biological classification
NM_000546.5(TP53):c.524G>A p.(Argl75His) 25% VAF pathogenic
NM_007294.3(BRCA1):c.1961del p.(Lys654Serfs*47) 11% VAF likely pathogenic
NM_000179.2(MSH6):c.3261del p.(Phe1088Serfs*2) 15% VAF likely pathogenic
NM_000077.4(CDKN2A):c.220G>A p.(Asp74Asn) 24% VAF likely pathogenic
NM_003482.3(KMT2D):c.7061del p.(Pro2354Leufs*30) 13% VAF likely pathogenic
NM_003482.3(KMT2D):c.7780del p.(Leu2594Trpfs*97) 13% VAF likely pathogenic
NM_003482.3(KMT2D):c.9635dup p.(Phe3213Valfs*2) 18% VAF likely pathogenic
NM_000038.6(APC):c.1690C>T p.(Arg564*) 18% VAF likely pathogenic
NM_000038.6(APC):c.3925G>T p.(Glu1309*) 22% VAF likely pathogenic
NM_000038.6(APC):c.4057G>T p.(Glu1353%*) 18% VAF likely pathogenic
NM_000051.3(ATM):c.7456C>T p.(Arg2486%*) 13% VAF likely pathogenic
NM_003502.3(AXIN1):c.1597C>T p.(Arg533*) 21% VAF likely pathogenic
NM_006015.6(ARID1A):c.3524del p.(Pro1175Hisfs*5) 24% VAF likely pathogenic
NM_006015.6(ARID1A):c.5086_5093del p.(Tyr1696GInfs*28) 20% VAF likely pathogenic
NM_002354.2(EPCAM):c.259del p.(Ala87Profs*33) 18% VAF likely pathogenic
NM_006231.3(POLE):c.2091dup p.(Phe699Valfs*11) 6% VAF likely pathogenic
NM_000321.2(RB1):c.1049+3A>T p.? 23% VAF likely pathogenic

Do we expect Lynch syndrome?
Do we have an explanation for the MSI-high status?
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TUMOR PROFILING

69-yearold female - melanoma - 60% neoplastic cells

= Therapy?

Variant annotation VAF Biological classification
NM_002524.5(NRAS):c.181C>A p.(GIn61Lys) 50% VAF pathogenic
NM_000314.7(PTEN):c.408T>A p.(Cys136*) 35% VAF likely pathogenic

Uz

Universitair
Ziekenhuis

Tumor genetics & implications for treatment
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000 TUMOR PROFILING

69-yearold female - melanoma - 60% neoplastic cells

Variant annotation VAF Biological classification
NM_002524.5(NRAS):c.181C>A p.(GIn61Lys) 50% VAF pathogenic => MEK/BRAF inhibitor
NM_000314.7(PTEN):c.408T>A p.(Cys136*) 35% VAF likely pathogenic = Resistance BRAF

inhibitor

NRAS variants may induce sensitivity to BRAF/MEK inhibitors, albeit in a subpopulation of the cases.
PTEN LoF activates a parallel pathway, which may induce resistance to MAPK pathway inhibition.

Sunitinib ®© RTKs
Imatinib KIT

[
Nilotinib ey

Dasatinib

@ “ NRAS ‘"/ \
Vemurafenib

PTEN % PI3K

Dabrafenib @ i \
Sorafenib —|- CRAF l
RAF265
@ cot /

AKT
Selumetinib "
Trametinib l

1 MTOR  pmme TEMSirolimus
- Everolimus
. o 1. MEK1 mutations
Universitair 2. NRAS mutations I Proliferation and survival |
Ziekenhuis 3. COT overexpression
Brussel 4. BRAF amplification/ splicing
5. RTKs overexpression/activation

(PDGFRB, IGR1F)



65-year-old female — Endometrial Cancer - 40% neoplastic cells

Biological
Variant annotation VAF Classification

NM 006218.3(PIK3CA):c.1070G>A p.(Arg357GlIn) 11% VAF Pathogenic
NM_006218.3(PIK3CA):c.1090G>A p.(Gly364Arg) 12% VAF Probably pathogenic
NM 181523.2(PIK3R1):c.1042C>T p.(Arg348%*) 32% VAF Probably pathogenic
NM_006231.3(POLE):c.857C>G p.(Pro286Arg) 18% VAF Probably pathogenic
NM 015338.5(ASXL1):c.2941G>T p.(Glu981*) 14% VAF Probably pathogenic
NM _000051.3(ATM):c.1948G>T p.(Glu650%*) 14% VAF Probably pathogenic
NM _ 000546.5(TP53):c.322G>A p.(Gly108Ser) 18% VAF Probably pathogenic
NM_000038.5(APC):c.4630G>T p.(Glu1544%*) 16% VAF Probably pathogenic
NM_000038.5(APC):c.646C>T p.(Arg216%) 14% VAF Probably pathogenic
NM_000038.5(APC):c.6610C>T p.(Arg2204%) 17% VAF Probably pathogenic
NM 030621.4(DICER1):c.562G>T p.(Glu188*) 14% VAF Probably pathogenic

+ 150 extra variants of unknown significance

U
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000 TUMOR PROFILING

65-year-old female — Endometrial Cancer - 40% neoplastic cells

POLE driven hypermutator phenotype

POLE 3' - 5 proofreading exonuclease activity

Sliding clamp -
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TUMOR PROFILING

65-year-old female — Endometrial Cancer - 40% neoplastic cells

a b
VBT Risk factors + e
109 104 EBRT Risk factors + s p<0.001
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Number at risk Years since randomisation Number at risk Years since randomisation
POLE 16 16 16 16 14 11 3 VBTRF+ 29 21 16 15 11 8 2
MSMP 199 193 184 175 148 98 20 EBRTRF+ 21 19 16 13 11 5 1
M5l 77 71 64 58 49 31 6 VBTRF- 140 134 127 121 107 76 16
TP53 25 19 14 10 8 6 2 EBRT RF - 154 147 138 126 106 67 15
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000 TUMOR PROFILING
3-year-old boy - adrenal gland carcinoma - 80% neoplastic cells

2,5 year-old boy
6-month history of penile enlargement, pubic hear, frequent erections

Table 1 Hormaone levels before and after left adrenalectarmy

Before surgery 1month  References

Sorgery and rapid linear growth
LH (UA) <10 0s 010-1.29 No exposure to exogenous testosterone
FSH (IL/L) <10 1.7 021-28 . . . .
ACTH (ng/L) 810 hours: 72-63 Abdominal echo: hypoechogenic ovoid nodule in the left adrenal
IGF1-1 (pageL) 770 156 23-212
Cortisol (pgs/L) 704 781 7-10 howrs: 62-180
DOHEA-S (mgiL) 145 0.08 < 002-0.15
Estradial (ng/L) 99 <5 < 20
Andrastenedionsa 2365 53 100-900
(gLl
lestosterone (pgfl)  9.90 =012 <012
SHBG (nrmal/L) 622 925 424-1554

LH luteinizing hormane; FSH follicule stimulating hormone: ACTH
adrenocorticotropic hormone, IGF- 1 insulin-like growth factor 1; DHEA-S
dehydroepiandrosterone-sulfate, SHEG sex hormone binding globulin

‘ , ;”e'::r:f]fir Tumor genetics & implications for treatment m
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TUMOR PROFILING

Id boy - adrenal gland carcinoma - 80% neoplastic cells

Variant annotation

VAF

Biological Classification

NM_000546.5(TP53):c.473G>A

p.(Argl58His)

71% VAF

Likely pathogenic

Germline?
= Therapy?

Tumor genetics & implications for treatment
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¢ 6 T ¢ CEmgc o° ¢ ¢ A

¢ TP53 R158H
1 a 63 67 300 6 3% 363 393
transactivation proline-rich DNA-binding tetramerization  basic

domain doman domain damain domain
Fig. 3 Genetic testing. A Integrative Genomics Viewer (IGV) graphic showing a single nuclectide variant (SNV) in the TP53 gene (G>A), producing
pArg158His alteration. The reference sequence used is NM_000546.5. B TF53 gene diagram shows that the R158H variant hits the functional part of
the DNA-binding domain of P53 and imparts a transcriptional activity comparable to null variants. € Domain structure of p53. Adapted from Tanaka
etal. [40)
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TUMOR PROFILING

Id boy - adrenal gland carcinoma - 80% neoplastic cells

Biological Classification

Variant annotation VAF
Germline

= Diagnosis of LFS

71% VAF Likely pathogenic

NM_000546.5(TP53):c.473G>A p.(Arg158His)

Germline TP53 expected due to the young age of the patient and the high VAF (despite the tumor %).
Variant was confirmed as germline variant and patient diagnosed with li-fraumeni

Peripheral precocious puberty in Li—-Fraumeni
syndrome: a case report and literature review

of pure androgen-secreting adrenocortical
tumors

Sofie Ryckx", Jean De Schepper?, Philippe Gi rcmB! Ken Maes®, Freya Vaeyen 53,_ Kaat Wilgenhof®, _
Pierre Lefesvre*, Caroline Ernst®, Kim Vanderlinden®, Daniel Klink', Frederik Hes®, Jesse Vanbesien?,

Inge Gies” and Willem Staels™
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TUMOR PROFILING - TAKE HOME MESSAGES

* Diagnosis

*  Prognosis

*  Therapy decision

* Incidental Detection of germline mutations
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TUMOR PROFILING — QUESTIONS?
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