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Topics

*  Melanoma; important mutations

* Mutation analysis
by NGS (tissues as source)
by ddPCR low level detection

*  Melanoma; important Copy number variations

* CNV detection methods
> MLPA

> array
> NGS
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Source: https://educationalgames.nobelprize.org/educational/medicine/dna_double helix/readmore.html
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BRAF is a serine-threonine kinase

Growth factor absent Growth factor present

. . . inactive
Inactive state BRAF in actiye state
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Growth factor absent / present
V600 > BRAF active state

@ active

BRAF structure from: https://biopharmconsortium.com/2010/08/28/phase-i-trial-of-rocheplexxikons-

pIx4032-a-selective-targeted-therapeutic-for-metastatic-melanoma-published-in-the-new-england- RadbOUdu McC
journal-of-medicine/

Source; PJTA Groenen, dept. Pathology, Radboudumc



BRAF inhibition by
Vemurafinib, competitive
inhibition of the BRAF
kinase domain
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https://www.mendeley.com/authors/35746080800
https://www.mendeley.com/authors/35746080800
https://www.sciencedirect.com/science/journal/14714914/18/1
https://www.sciencedirect.com/science/journal/14714914
https://www.sciencedirect.com/science/journal/14714914

BRAF
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BRAF: activerende mutaties

Table 1 | Classification of cancer-associated BRAF mutants

Kinase RAS Dimer Sensitivity to
BRAF mutation activity dependency dependency vemurafenib
Wild type Neutral Yes Yes Insensitive
Class 1 VeOOE High No Mo Sensitive
Ve00oK High No MNo Sensitive
Ve00D High No MNo Sensitive
Ve0OoR High No Mo Sensitive
Ve0OM  Intermediate No MNo Sensitive
Class 2 Ke01lE High No Yes Insensitive
KEO1N High No Yes Insensitive
KeOolT High No Yes Insensitive
L5970 High No Yes Insensitive
L5977V  Intermediate No Yes Insensitive
GAGOA High No Yes Insensitive
G469V High No Yes Insensitive
G469R  Intermediate No Yes Insensitive

G464V  Intermediate MNo Yes Insensitive
G464E Intermediat o ’

< Previous Article | Next Article =

BRAF-inhibitors can exert control of disease in BRAF T599I

Klasse 1: V600 mutaties: stabiliserer mutated melanoma
a case report

Klasse 2: Non-V600 activerende mut

. . Gallo, Susanna® Coha, Valentina?; Caravelli, Daniela?; Becco, Paolo¢; Venesio, Tiziana® Zaccagna,
M UtatIeS n A en P‘IOO p; ge Alessandro®; Giacone, Elena®; Marenco, Federica®; Pisacane, Alberto®; Racca, Manuela?, Gammaitoni, Loretta®;

Aglietta, Massimo®®; Carnevale-Schianca, Fabrizio®

stabiliseren van de inactiev
Melanoma Research: April 2018 - Volume 28 - |ssue 2 - p 143-146

Yao et al. Nature (Epub 2017 Aug 2) doi: 10.1097/CMR.0000000000000417



BRAF: mutaties ‘verminderde activiteit’

Klasse 3: Verstoorde kinase activiteit (0.a. ‘kinase dead’ mutaties)

Melanoma: mutaties gaan meestal samen met activerende RAS of NF1 mutaties

¢ Colon/long: mutaties gaan meestal samen met activatie van een tyrosine kinase receptor

Table 1 | Classification of cancer-associated BRAF mutants

Kinase RAS Dimer Sensitivity to
BRAF mutation activity  dependency dependency vemurafenib
Wild type Neutral Yes Yes Insensitive
Class 3 D287H Low Yes Yes Insensitive
V4591 Low Yes Yes Insensitive
G4e6Y Low Yes Yes Insensitive
G466E Low Yes Yes Insensitive
G466A Low Yes Yes Insensitive
S467L Low Yes Yes Insensitive
G469E Low Yes Yes Insensitive
N581S Low Yes Yes Insensitive
N5E1I Low Yes Yes Insensitive
D594N None Yes Yes Insensitive
D594G None Yes Yes Insensitive
D594A None Yes Yes Insensitive
D594H None Yes Yes Insensitive
F595L Low Yes Yes Insensitive
G596D Low Yes Yes Insensitive

BRAF drugs
(PLX4720, 885-A)
Genetic inhibition
(DS94A/V, K483M)

—

- amplificatie van RAS-activatie

Heidorn et al. Cell (2010) 209-221
Yao et al. Nature (Epub 2017 Aug 2)
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Relevante mutaties voor predictie therapie respons

* KIT mut

; imatinib

region

Hinge = | (

, Hydrophoic ':~
' pocket Il '

From: Targeting kinases with anilinopyrimidines: discovery of N-phenyl-N’-[4-(pyrimidin-4-ylamino)phenyl]urea derivatives as

selective inhibitors of class Il receptor tyrosine kinase subfamily

Valentina Gandin et al., 2015 Nature Scientific RepoRts | 5:16750 | DOI: 10.1038/srep16750
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http://www.nature.com/articles/srep16750#auth-1

Relevante mutaties voor predictie therapie respons

* KIT mut ; imatinib
* CDKN2A mut ; palbociclib in DRUP
* CCND1 ampl ; palbociblib in DRUP

Radboudumc
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Palboclib is a CDK4/6 inhibitor
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Schwaederle, Maria & Daniels, Gregory & Piccioni, David & Fanta, Paul & Schwab, Richard & Shimabukuro, Kelly & Parker, Barbara. (2014).
Cyclin alterations in diverse cancers: Outcome and co-amplification network. Oncotarget. 6. 10.18632/oncotarget.2848.



Relevante mutaties voor predictie therapie respons

KIT mut : imatinib

CDKN2A mut ; palbociclib in DRUP
CCND1 ampl ; palbociblib in DRUP

B2-microglobuline (B2M); frame-shift deletion in exon 1
Janus kinase 1 (JAK1): Q503* nonsense mutation
Janus kinase 2 (JAK2): F547 splice-site mutation

Author manuscript
N Engl J Med. Author manuscript; available in PMC 2017 April 01.

Published in final edited form as:
N Engl J Med. 2016 September : 375(9): 819-829. doi:10.1056/NEJMoal604958.

-, HHS Public Access

Mutations Associated with Acquired Resistance to PD-1
Blockade in Melanoma

Jesse M. Zaretsky, B.S., Angel Garcia-Diaz, Ph.D., Daniel S. Shin, M.D., Helena Escuin-
Ordinas, Ph.D., Willy Hugo, Ph.D., Siwen Hu-Lieskovan, M.D., Ph.D., Davis Y. Torrejon, M.D.,
Gabriel Abril-Rodriguez, M.Sc., Salemiz Sandoval, Ph.D., Lucas Barthly, M.Sc., Justin Saco,
B.S., Blanca Homet Moreno, M.D., Riccardo Mezzadra, M.Sc., Bartosz Chmielowski, M.D.,
Ph.D., Kathleen Ruchalski, M.D., |. Peter Shintaku, Ph.D., Phillip J. Sanchez, Ph.D., Cristina
Puig-Saus, Ph.D., Grace Cherry, R.N., N.P,, Elizabeth Seja, B.A., Xiangju Kong, M.Sc., Jia
Pang, B.S., Beata Berent-Maoz, Ph.D., Begofia Comin-Anduix, Ph.D., Thomas G. Graeber,
Ph.D., Paul C. Tumeh, M.D., Ton N.M. Schumacher, Ph.D., Roger S. Lo, M.D., Ph.D., and

Antoni Ribas, M.D., Ph.D.
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@, Multi-RTK inhib Selective RTK inhib
— RTK/GFR Cabozantinib Cetuximab
Lenvatinib Capmatinib
Extracellular 2 — I Pazopanib Golvatinib
Mum-g:z:ﬁs b 510.0.6.0.60600000080080088 ng:zlt‘j:‘nrgsb |
RAF265 : ’g‘g‘g‘g‘g‘g‘g‘g‘g&&"g‘g‘é‘g‘g&&&‘g‘ Bevacizumab
I t ” I Regorafenlb M@ Tivantinib
ntraceliular MEHD7945A
meIanoLna e
BRAF V600 inhib b= i .® @
Dabrafenip | @
Encorafenib
el pan-PI3K inhib
Buparlisib AKT inhib
Copanlisib Selective PI3K inhib Afuresertib
RAF/MEK inhib | Pictilisib Alpelisib @ F———- Ipatasertib
R0O5126766 PX-866 SAR260301 MK-2206
WX-037° Uprosertib
e | (] () (o)
- Cobimetinib
Binimetinib Dual PI3k/mTOR inhib
PD-0325901 Dactolisib
Pimasertib PF-04691502
Refametinib Omipalisib
Selumetinib Voxtalisib @
Trametinib
WX-554 @
CDK4/6 inhib o
Palbociclib Proliferation [HOR _mhlb
Ribociclib and survival Everolimus
e Temsirolimus
Voruciclib
© 2017 American Association for Cancer Research
Molecular Cancer Therapeutics Reviews AACGR
Rational Approaches for Combination Therapy Strategies Targeting the MAP Kinase Pathway in Solid Tumors RadbOUdUmC

Anthony W. Tolcher, Wei Peng and Emiliano Calvo
DOI: 10.1158/1535-7163.MCT-17-0349 Published January 2018



Pathway melanocytic nevi and melanoma
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of PIBK/AKT )

@ Mutations in Melanoma
Other**
NF1  (6%)
) BRAF
Negative Feedback: (52%)
- Pathway intrinsic @
- Other pathways
NRAS*
(PI3BK/AKT/mTOR) l (28%)
- Epigenetic changes |
Proliferati : | Concurrent critical
Pathway mutation roliipraive signa alterations to
in isolation A 4 Y  key pathways
Radboudumc

Melanocytic nevi and melanoma: unraveling a complex relationship.
Damsky WE et al. Oncogene. (2017)



https://www.ncbi.nlm.nih.gov/pubmed/28604751

Meer genomische afwijkingen bij melanoom progressie
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Somatic Alterations in Key Signaling Pathways that Drive Melanoma Appear at Specific Points in the Melanoma Progression Cascade

Each heatmap reflects the frequency that a given pathway is activated (red) or inactivated (blue) at a specific point in the melanoma progression cascade.

Fig 1 and 7 from: Cancer Cell. 2018 Jul 9;34(1):45-55.e4.Genomic and Transcriptomic Analysis Reveals Incremental Disruption of Key Signaling Pathways during Melanoma Evolution.
Shain AH?, Joseph NMZ?, Yu R3, Benhamida J?, Liu S3, Prow T4, Ruben B®, North J¢, Pincus L?, Yeh |7, Judson R3, Bastian BC8. doi: 10.1016/j.ccell.2018.06.005



https://www.ncbi.nlm.nih.gov/pubmed/29990500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shain AH[Author]&cauthor=true&cauthor_uid=29990500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Joseph NM[Author]&cauthor=true&cauthor_uid=29990500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu R[Author]&cauthor=true&cauthor_uid=29990500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Benhamida J[Author]&cauthor=true&cauthor_uid=29990500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu S[Author]&cauthor=true&cauthor_uid=29990500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prow T[Author]&cauthor=true&cauthor_uid=29990500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ruben B[Author]&cauthor=true&cauthor_uid=29990500
https://www.ncbi.nlm.nih.gov/pubmed/?term=North J[Author]&cauthor=true&cauthor_uid=29990500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pincus L[Author]&cauthor=true&cauthor_uid=29990500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yeh I[Author]&cauthor=true&cauthor_uid=29990500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Judson R[Author]&cauthor=true&cauthor_uid=29990500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bastian BC[Author]&cauthor=true&cauthor_uid=29990500
https://dx.doi.org/10.1016/j.ccell.2018.06.005

Breakthroughs for molecular analysis

1977 Sanger sequencing
* 1983 Polymerase chain reaction
* 2008 Next Generation Sequencing Technologies

2010-2019... Mutation detection by NGS
Targeted assays / Whole exome segeuncing

Radboudumc



Sequence analysis

Next Generation Sequencing (NGS)
AL

whole genome whole exome ‘Panel’ Sanger
sequencing sequencing seqguencing sequencing

illumina:

Radboudumc

ource: A. Eijkelenboom, dept of Pathology, Radboudumc



Sequence analysis

Next Generation Sequencing (NGS)
AL

whole genome whole exome ‘Panel’

sequencing sequencing sequencing
(WGS) (WES)

Sanger
sequencing

sequenced basepairs:

10t 10° 108 107 108 10° 104 103

Source: A. Eijkelenboom, dept of Pathology, Radboudumc
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NGS by smMIPs

single molecule Molecular Inversion Probe (smMIP)

backbone
(40nt)
sample index _
library
library extension probe ligation probe amplification
amplification (16-20nt) (20-24nt)

_ targeted region -
(112 nt)
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=
<
<
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molecule
tag
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Unique Molecular Identifier

UMI
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Adapted from Hiatt et al., 2013; A. Eijkelenboom, dept of Pathology, Radboudumc



Unique Molecular Identifiers (UMI’s)

Random 8N to identify PCR-duplicates

g
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all aligned reads

GTCTTATT
GTCTTATT
GTCTTATT
GTCTTATT
AGAATCCG
GTCTTATT
GTCTTATT
GTCTTATT
AGAATCCG
GTCTTATT
AGAATCCG
AGAATCCG

v

single molecule consensus reads

AGAATCCG
GTCTTATT

Assembly of PCR duplicates:
- Known number of genomic template molecules

Radboudumc

Adapted from Hiatt et al., 2013; A. Eijkelenboom, dept of Pathology, Radboudumc



Unique Molecular Identifiers (UMI’s)

Random error
F ]
I I
g ]

True variant
5 5 =
L §F N =]
I DN D)

Single molecule consensus read

Assembly of PCR duplicates:

- Known number of genomic template molecules
- Reduction of false positive variants due to PCR/sequencing artefacts

Source: PJTA Groenen, dept. of Pathology, Radboudumc
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Begrippen by Next Generation Sequencing

Coverage Variant allel frequentie (VAF)
Aantal sequentie reads per target regio Percentage sequentie reads met de mutatie
barcode
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Unieke coverage™*: 1 read VAF 50% : 1/2 genkopieén aangedaan

VAF 100% : 2/2 genkopieén aangedaan

*Unieke coverage =aantal unieke DNA moleculen Radboudumc

Source: L.Kroeze, dept. of Pathology, Radboudumc



Input DNA
Fragmentation ~ Or amplicon
End repair and adapter ligation

Library preparation

Fragment library

Adapter Fragment A Adapter
Adapter Fragment B Adapter
Adapter Fragment C Adapter
Clonal amplification of each fragment Am p | ificatiO N
/\
1 2

lon Spheres A ALl BailC Clusters

Sequencing of clonal amplicons in a flow cell Seq uencl ng
Pyrosequencing
or | Reversible Dye Terminators
Sequencing by Ligation
| v v
Generation of luminescent or fluorescent images
Conversion to sequence Ana Iysis
Radboudumc
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NGS (lllumina)

* Library construction

— ——
fragments; attach adaptor sequences — —
— ——

* Cluster generation
the adaptors are complementory to the two type of oligo’s present
on the flow cell

* Sequencing

Radboudumc

Source figure cluster generatation: Introduction lllumina sequencing by synthesis, screenshots of You-tube
PJTA Groenen, dept. of Pathology, Radboudumc



lllumina sequencing by synthesis

*  Cluster generation
* Add and hybridize the library to the flow cell
*  Bridge amplification

* Generating clusters from indidual molecules

Cluster Generation

o
H -
3 -
8 8
: -

8
- -
= =
= 8
H g

H

s

H
(-1 -
z =
H H
§ -
H §

g
a -

To identify samples after pooling,
each sample is uniquely tagged
with a sequence index during the
sample preparation protocol.

Radboudumc

Source figures cluster generatation: Introduction Illumina sequencing by synthesis, screenshots of You-tube
PJTA Groenen, dept. of Pathology, Radboudumc



NGS (lllumina)

* Library construction — —
fragments; attach adaptor sequences — —
— ——

* Cluster generation
the adaptors are complementory to the two type of oligo’s present

on the flow cell - ’ l
: IH | ,U,|'I||||||Ill| l“' 1' |

. | | |1' I | ||li |'|| ||| HI
- Sequencing ll H' Ifll '!I \ l||| |I |' '||| |!|!I
—— ey

Radboudumc

Source figures cluster generatation: Introduction Illumina sequencing by synthesis, screenshots of You-tube
PJTA Groenen, dept. of Pathology, Radboudumc



lllumina sequencing by synthesis

Sequencing : Add all 4 fluorescently tagged nt
 Asingle base is incorporated at a time; a reversible terminator is on every nucleotide
to prevent multiple additions in one round, remove terminator and repeat

 |Image 4 colors

i k || g‘

Radboudumc



lllumina sequencing by synthesis

* Sequencing : paired end

Sequencing

* Data analysis
multiple steps
Note: the sequencing occurs for millions
of clusters at once

reference genome

Data Analysis

Radboudumc

Source figures Seqeuncing: Introduction Illumina sequencing by synthesis, screenshots of You-tube
PJTA Groenen, dept. of Pathology, Radboudumc



Result BRAF mutation analysis

screenshot reads

CTTTACTTACTACACCTCAGATATATTTCTTCATGEAAGACCTLACAGTAAAAATAGETCATTTTGGTCTAGCTACAGTGAAATCTCGCATGGAGTGGGTCCCATCAGTTTGAA

CTTTACTTACTACACCTCAGATATATTTCTTCATGAAGACCTCACAGTAAAAATAGGTGATTTTGGTCTAGCTACAG.GAAATCTCGATGGAGTGGGTCCCATCAGTTTGAA
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BRAF RefSeq NM_004333.4

V600E); 9% mutant allel

ias p

.1799T>A (p.(Val600Glu) al

NRAS RefSeq NM_002524.3

iec
codon 12, 13 en 61

mutat

codon 600

geen mutat

e

KIT RefSeq NM_000222.2

Exon 9,11,13,14 en 17

ie

geen mutat
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Low level mutation detection

LIKE A DANCE:
HOW LOW CAN

Radboudumc


https://www.flickr.com/photos/reemul/7338644262/
https://creativecommons.org/licenses/by/3.0/

Liquid Biopsy

Used for diagnostic and
monitoring purposes, residual Tissue biopsy Liquid biopsy

disease detection and treatment
selection \ /

. : Tumor DNA, cell free DNA
Prevent sampling bias and

invasive or difficult biopsies iy TR Al
Con: cell free DNA from indeed
the specific tumor? l

Mutation detection

Radboudumc



Imaging golden standard = can be inconclusive

Melanoma

There is need for biomarkers for clinical guidance!

* Early stages (I/1): surgery + IFN or radiotherapy
Single or combination regime?
High toxicity
Expensive
Only beneficial for some patient

\
Surgery + adjuvant /

Unresectable /
BRAF/MEK inhibitor
BRAF mutation <

/

(1) Intergraal kankercentrum Nederland (IKCN) (1) Eggermont, et al. 2018 Radboudumc
(2) ESMO clinical practice guidelines for diagnosis, treatment and follow-up (2) McArthur, et al. 2014

* Later stages (lI/IV):

Melanoma
(m/v)




ctDNA suitable biomarker?

* High ctDNA %
* Associated mutations
* 50% BRAF mutation

*  80-90% BRAF V600E
* 10-20% BRAF V600K

* 15-25% NRAS

(1) Santiago-Walker, et al. 2015 (1) Gray, et al. 2015
(2) Sanmamed, et al. 2015 (2) Ashida, et al. 2017

Radboudumc



Enkele voorbeelden indicatie voor spoed BRAF bepaling

* Dreigende dwarslaesie bij wervelmetastase

* Sufheid, dreigende inklemming bij hersenmetastasen

* Ernstige dyspnoe bij exudatief pleuravocht obv pleurale localisatie
melanoom

Radboudumc

Source: A. Amir, dept Pathology, Radboudumc



How can these aberrations be detected?

%

- Sensitive & specific techniques needed!
Mutant copy

Radboudumc




Sensitivity vs tumorload (tissue)

+
|t |
' '

[LTTTTTTT 75 witarype ! TTHTTHITHITHIT o556 witatype
+++ 25% mutant + 5% mutant

Radboudumc

Source: M. Geerlings & S. Tolmeijer, Laboratory Tumor Genetics, Radboudumc



High sensitivity detection

by partitioning the DNA strands and then do the PCR

a) Conventional PCR b) Digital PCR PCR USing
fluorescent
hydrolysis probes

Split sample

by dilution

Digital droplet PCR (ddPCR)

d |&@ |&@ @& ]
& & jaja]
@ o & ja]
@ & & &)

One fluorescence

|

Radboudumc


http://digital-pcr.gene-quantification.info/
https://en.wikipedia.org/

ddPCR uses hydrolysis probes

.00

During annealing, the hydrolyzis probe binds to the

target sequence Q g
. Extension o
?_9 —
———ep\_ During extension, the probe s partilly displaced Mutant BRAF

and the reporter is cleaved. The free reporter

’ fluoreseces
N

=t ° Quencher Wt BRAF

Intact probe: the fluorescence of the reporter is quenched due to its proximity to the quencher
PCR extension: the reporter is separated from the quencher, resulting in a fluorescence signal that is
proportional to the amount of amplified product in the sample.

Radboudumc


https://www.bio-rad.com/

Droplet digital PCR (ddPCR) - BRAF



https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjZ792kkLjdAhUMalAKHWpYBicQjRx6BAgBEAU&url=https://www.gene-quantification.de/digital-1.html&psig=AOvVaw0YCUHRRfMG2_GAFbOIHsPu&ust=1536933140986127

Droplet digital PCR (ddPCR)

Source: M. Geerlings & S. Tolmeijer, Laboratory Tumor Genetics, Radboudumc


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjZ792kkLjdAhUMalAKHWpYBicQjRx6BAgBEAU&url=https://www.gene-quantification.de/digital-1.html&psig=AOvVaw0YCUHRRfMG2_GAFbOIHsPu&ust=1536933140986127

ddPCR BRAF

Assay

ddPCR BRAF 1

ddPCR BRAF 2

ddPCR BRAF 3
ddPCR BRAF 4
ddPCR BRAF 5
ddPCR BRAF 6
ddPCR BRAF 7
geen ddPCR

Aminozuurverandering

BRAF p.V600E
BRAF p.V600K

BRAF p.V600R

BRAF p.V600E ("E2")

BRAF p.V600D
BRAF p.V600D
BRAF p.V600L
BRAF p.V600L

BRAF p.K601E
BRAF p.D594G

Mutatie op DNA niveau
c.1799T>A
€.1798_1799delinsAA
c.1798 _1799delinsAG

c.1799_1800delinsAA

c.1799_1800delinsAT

c.1799_1800delinsAC
€.1798G>C
c.1798G>T

c.1801A>G
c.1781A>G

Radboudumc



BRAF V600E,R,K ddPCR validation

16000

14000

12000

10000 +

Channel 1 Amplitude
-]
o
[=]
o

6000

4000

2000

Positives (FAIM)

Ch1+Ch2+:65 Ch1+Ch2-:1027 Ch1-Ch2+:15329 Ch1-Ch2-77627

Negatives (HEX)_

8000
[ -'T.-I' PR o
Rt I;,..._'.,__
I 2000 4000 6000 8000 10000 12000 14000
Channel 2 Amplitude

Radboudumc

Source: M. Geerlings & S. Tolmeijer, PJTA Groenen, Laboratory Tumor Genetics, Radboudumc



Copy number alterations

Chromosome

parms ——

Centromere

g arms

[ |

Chromatids

https://ghr.nlm.nih.gov/

https://www.creativebiomart.net

Radboudumc


https://ghr.nlm.nih.gov/
https://www.creativebiomart.net/

Uveal melanoma

Medscape® www.medscape.com
2 3 4 5
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4
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6 7 8 9 10 " 12

i 0 8 s 22 4
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Human Uveal Melanoma Liver Metastases Liver Metastases (microscopic)

«x B2 “n B l

19 20 21 22 X
l : Uveal melanoma prognosis
Benign Malignant
Q Michael D. Onken, Lort A, Workey, Justis P, Ebors, and 1 William Harbour
© o .. . @) T e
Lo ; oo ose mnmm:mmmml ., @R em
' hromosome 3{(@) P . . , % B T

i ) Monosomy of chromosome 3 is the
\ ? , . I' most frequent chromosome aberration
— () — . .
E“j ‘I E. in uveal melanoma (50%)
Melanocyte  Nevus N Class 2A Class 28 =
a3 melanoma melanoma : a’:
melanoma R §

6p gain l

Ty

Class 1: low grade tumors with low metastatic risk

Ll ~*=--w——-"."""‘""
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Genetic .
e o A PLA Class 2: high grade tumors with metastatic risk
« Epithelioid c,‘;’,o,ogy *.: chracterized by down-regulation of genes on
e * High mitotic index -y chromosome 3 and up-regulation of genes on
Class 1B o « Extravascular matrix patterns - chromosome 8q.
melanoma gmgm ¢ Inflammatory cell infiltration ~

l§

* Spindle cell cytology
* Lower mitotic index

Radboudumc

Diagram on the left: Sodhi A and Merbs S, Book: Retina, Chapter 141 “Molecular Genetics of Choroidal Melanoma”
Heatmap and survival curve on the right: Onken MD et al Cancer Res 2004



Melanoma treatment response and CNVs

Genetic Aberrations in the CDK4 Pathway Are

Translational Cancer Mechanisms and Therapy

Personalized Medicine and Imaging

Copy Number Changes Are Associated with

Clinical
Cancer
Research

Response to Treatment with Carboplatin,
Paclitaxel, and Sorafenib in Melanoma

Melissa A. Wilson'!, Fengmin Zhao?, Sanika Khare®, Jason Roszik?, Scott E. Woodman®,
Kurt D’Andrea’®, Bradley Wubbenhorst®, David L. Rimm?®, John M. Kirkwood®,
Harriet M. Kluger’, Lynn M. Schuchter®, Sandra J. Lee?, Keith T. Flaherty®, and

Katherine L. Nathanson®®

Abstract

Purpose: Copy number alterations have been shown to be
involved in melanoma pathogenesis. The randomized phase 111
clinical trial E2603: carboplatin, paclitaxel, + sorafenib (CP vs.
CPS) offers a large collection of tumor samples to evaluate
assodation of somatic mutations, genomic alterations, and
clinical outcomes, prior to current FDA-approved therapies.

Experimental Design: Copy number and mutational analysis
on 119 pretreatment samples was performed.

Results: CPS therapy was associated with improved progres-
sion-free survival (PFS) compared with CP in patients with
tumors with RAF1 (cRAF) gene copy gains (HR, 0.372; P =
0.025) or CCND1 gene copy gains (HR, 0.45; P = 0.035). CPS

therapy was associated with improved overall survival (OS)
compared with CP in patients with tumors with KRAS gene copy
gains (HR, 0.25; P = 0.035). BRAF gene copy gain and MET
amplification were more common in samples with V600K versus
V600E mutations (P <0.001), which was validated in The Cancer
Genome Atlas (TCGA) dataset.

Conclusions: We observed improved treatment response with
CPS in patients with melanoma whose tumors have RAF1 (cRAF),
KRAS, or CCND1 amplification, all of which can be attributed
to sorafenib targeting CRAF. These genomic alterations should
be incorporated in future studies for evaluation as biomarkers.
Clin Cancer Res; 22(2); 374-82. ©2015 AACR.

Clinical
Cancer
Research

Associated with Innate Resistance to PD-1

Blockade in Chinese Patients with Non-Cutaneous

Melanomars

Check for
vpdates

Jiayi Yu', Junya Yan'!, Qian Guo', Zhihong Chi’, Bixia Tang', Bin Zheng?, Jinyu Yu', Ting Yin',
Zhiyuan Cheng', Xiaowen Wu', Huan Yu', Jie Dai', Xinan Sheng', Lu Si', Chuanliang Cui',
Xue Bai', LiliMao', Bin Lian', Xuan Wang', Xieqia Yan', Siming Li’, Li Zhou', Keith T. Flaherty?,
Jun Guo', and Yan Kong1

CDK4 gain

MET/VEGFR blockade with cabozantinib demonstrated no
improvement in PFS/ OFS. ? Possible utility for cabozantinib in
combination with immunotherapy

Clinical Cancer Research

Home About Amicles For Authors Atents News.

Radboudumc

Randomized phase Il trial and tumor mutational spectrum analysis from cabozantinib
versus chemotherapy in metastatic uveal melanoma (Alliance A091201)

on, Jacob B Alled, Carme A Strand. Riyue Bao. Yuanyuan Zna. Timothy Cani. Brian W. Labadie, Bruno R Bastos. Marcus O Butler, David Hogg
y K Schwartz

Jason J. L
Pamela N

Daniel
sier, and



https://www.ncbi.nlm.nih.gov/pubmed/31375512

Chromosomal abnormalities

Methods for detection in a historical perspective 3;.;{?3
* 1956 Karyotyping: human 46 chromosomes (no 48!) " ;
* 1970 First banded human karyotype
1975 Southern blotting using extracted DNA
* 1980-1985 FISH technology
* 1996 Comparative genomic hybridization (CGH)
2003 Array-CGH
2002 MLPA multiplex ligation dependent
probe hybridization
« 2003 > Array technology in different flavors
e 2012> Next generation sequencing technology for copy number variations

Radboudumc



Sequencing and CNV detection

NGS

—

whole genome whole exome

sequencing
(WGS)

sequencing
(WES)

—~
‘panelf Sanger
sequencing sequencing

NGS

whole genome “‘genome wide”
sequencing array
(WGS)

Radboudumc

Source: A. Eijkelenboom, PJTA Groenen, dept of Pathology, Radboudumc



MLPA Multiplex Ligation Dependent Probe Amplification

Amplification of MLPA probes, not of sample DNA

Probes are composed of synthetic oligonucleotides complementary to the
target sequence, primers sequences X and Y that are needed for PCR after
probe hybridization and a stuffer sequence which differs in lenght between

the different probes in the assay

Synthetic eligonucleotide
(50-60 bp)

g Primer sequence Y

Primer Sequence Y  Hybridization sequence
will not bind to the {Different for all target

target SequUences)

Thermostable Ligase

M13-derived eligonucleatide
60-450 bp

Primer sequence X

J

Stuffer sequence (green
part) and primer sequence
X wil not bind te the target

Probe specific stuffer sequence
(different for each probe)

Hybridization sequence

(Different for all target
SEQUENCES)

Thermostable Ligase

Radboudumc



MLPA method

Probe for gene A

> > > >
h — h — — —
GeneA GeneA GeneA GeneA

Known information, from the kit design:

Probe B, with a

longer stuffer Stuffer length a — corresponds to a specific

gene (fragment)

sequence
»” »”
Stuffer length b — another gene segment
‘ I ‘ ]
| |
etcetera
GeneB GeneB

Radboudumc



MLPA: quantitative information

Probe for gene A

- - - -
S e R T N

GeneA GeneA GeneA GeneA
Probe B, with a
longer stuffer
seqguence

P 4 P 4
GeneB GeneB

Radboudumc

Source: PJTA Groenen, dept. of Pathology, Radboudumc



MLPA: ligation followed by PCR

Probe for gene A

. ~ . > >
e N b e

GeneA GeneA GeneA GeneA

Probe B, with a
longer stuffer
seguence

” ”
N R\
>0 >0
GeneB GeneB

Radboudumc

PJTA Groenen, dept. of Pathology, Radboudumc



MLPA: probes are amplified by PCR

PCR product gene A

o o o o

PCR product gene B

” o’
h h

> Differently sized fragments > separation by gelelectrophoresis

Radboudumc

PJTA Groenen, dept. of Pathology, Radboudumc



MLPA Result

GeneA

I —
AL TN ) o

NIRRT

283 nt 346 nt

Peak patterns are generated on a patient sample and a reference DNA-sample.
Relative peak heights are compared

Each gene (segment) is defined by the length of the stuffer!

Differences reflect copy number changes of sequences detected by MLPA

Data peaks are being processed and shown in plots, see an example at the next
slide



—> Signal intensity

MLPA result of a patient sample
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—> probes ordered based on the chromosomal positions

A patient sample is run in duplicate (red and blue lines).

The controle probes, present on multiple chromosomal locations have a signal intenstity of 1,
meaning normal.

The sample displays lower signals (around 0.7) of the chrom 3p /g probes, representing
monosomy 3.

Also high intensity signals of chrom 8q probes are seen, representing a gain of chrom 8q.

Radboudumc



Detection of monosomy 3: FISH ?

Radboudumc



FISH and detection deletions

high risk of misevaluation

No deletion Deletion of gene of interest (red)

10 um

No deletion Deletion of gene of interest (red)

10 um

4 um

Radboudumc

Source: PJTA Groenen, dept. of Pathology, Radboudumc



FISH and detection deletions

high risk of misevaluation

No deletion Deletion of gene of interest (red)

10 um

No deletion Deletion of gene of interest (red)

10 um

4 um

Radboudumc

Source: PJTA Groenen, dept. of Pathology, Radboudumc



Genomic analysis by array technology

Genome-wide

_H\\’/\i\‘/f‘
Tumoral DNA
AVAVAVZ

Hybridization
to complementory
probes
spotted on a solid
surface

l

/\/\/\
77:,1’\‘4“ Reference DNA

l

::::::::l::::::::

DATA analysis
(tumoral DNA data are corrected for reference DNA values)

l

When data-sets of reference DNA are available these can be
(in silico) used for the evaluation of the tumoral DNA data.

WSS le of

"~ GaneChip’ Example o
Affymetrix
gene chip
array

Source: figures of the Affymetrix website 2015
PJTA Groenen, dept. of Pathology, Radboudumc

Radboudumc



Genomic analysis by array technology

* These are the convergence of DNA hybridization, fluorescence microscopy, and

solid surface DNA capture.
* Array: DNA probes immobilized on a solid surface capture

* Fragmented nucleic acid sequences of
target, labelled with fluorescent dyes.

e A detection system that records and
interprets the hybridization signal.

GeneChip®

Chorerre Vitede Humar
AP Ay 0.0

A

Radboudumc

Source: figures of the Affymetrix website 2015
PJTA Groenen, dept. of Pathology, Radboudumc


https://en.m.wikipedia.org/wiki/DNA_hybridization
https://en.m.wikipedia.org/wiki/Fluorescence_microscope
https://en.m.wikipedia.org/wiki/Nucleic_acid
https://en.m.wikipedia.org/wiki/DNA-DNA_hybridization

CytoScan array uses SNPs

* With more than 2.6 million copy nhumber markers, CytoScan HD Suite covers all
OMIM™ and RefSeq genes.

e Plus approximately 750,000 genotype-able SNPs, which provide high-resolution
copy number, accurate breakpoint estimation, and loss of heterozygosity (LOH)
detection > allele-specific oligonucleotide (ASO) probes

e Of each SNP’s both variants are covered on the array, 25 mers, all nt must bind to
provide signal

* Allows detection of copy neutral Loss of Heterozygosity

Radboudumc


https://en.m.wikipedia.org/wiki/Allele-specific_oligonucleotide

Example Affymetrix CytoScan HD / ChAS

Telglele :
% 388 8
8.5/ 3385

T 2-0238.CHNA. cychp: Copy Mumber State (segments)

o

U0 Wbe

| ThA2-0238.CHE cyvchp: Wieighted Log? Ratio

o N Y S PN P PR Y BN : a
L, UREROEILE S RO i SR ) pﬁs;-ﬂ:—'-'::“'w.e!r#rmnzz-.-'-"ﬁ'-ﬁ' o e o
e 5 q . Al Fk W i AL

§||||I|||||I|V&|}ilaht§ NEEREEEEEINE B | (ARTINN| b e O e AN R ]

(T Ot 1 (T T 1 A T 1
| Cancer genes

Source: M. Stevens-Kroef, Laboratory of Tumor Genetics, Radboudumc




Copy-neutral LOH, aUPD

Acquired Uniparental Disomy (UPD)

® “Copy neutral LOH” = UPD
Genotype AA

Biologically equivalent
to 2™ Hit

First Hit Stage
Genotype AB
*Point mutation in TSG
associated with polymorphic
marker A.

Nondysjunction Random elimination

Radboudumc

Source: https://en.wikipedia.org/wiki/Loss of heterozygosity#/media/File:Copy neutral LOH.jpg



https://en.wikipedia.org/wiki/Loss_of_heterozygosity#/media/File:Copy_neutral_LOH.jpg

SNP detection

* SNP at a position in the genome:

A and B  normal
1.5
° Twoalleles BB 1.0 -joeceee
* either BB
AB m 7
AA AB | joooeme
< -0.57
AA 19 | cooam
-1.5¢4
-2.01-
Radboudumc

Source: PJTA Groenen, dept. of Pathology, Radboudumc, and figure adapted from Affymetrix information 2015




CNV (log2) and SNP allelic ratio by CytoScan array

Log2 ratio ¥

Radboudumc

Source: M. Stevens- Kroef and PJTA Groenen, Laboratory of Tumor Genetics, Radboudumc



CNV (log2) and SNP allelic ratio by CytoScan array

Log2 ratio W
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Allele info

Smooth signal
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Source: M. Stevens-Kroef and PJTA Groenen, Laboratory of Tumor Genetics, Radboudumc



CNV (log2) and SNP allelic ratio by CytoScan array
Example 2

Log?2 ratio
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Source: M. Stevens- Kroef and PJTA Groenen, Laborator y of Tumor Genetics, Radboudumc



CNV (log2) and SNP allelic ratio by CytoScan array
Example 2

Log?2 ratio

Allele info

Copy neutral
loss of heterozygosity
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Source: M. Stevens-Kroef and PJTA Groenen, Laboratory of Tumor Genetics, Radboudumc



Result CytoScan array (case 1)

s, Whole Genome View - TN18-1002.CN&.cychp

File View

O T T2 e, ey e
+ Weighted Log2 Ratio: -1.5... 1.5
15

SmoothSignal: 0 ... 4 +

Case 1: geen BRAF, NRAS, HRAS mutatie
DD: Spitz naevus - spectrum van hooggradige STUMP/melanoom
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Case 1 results and conclusion

Note: FFPE, 20% neoplastische cellen

Gedetecteerde genetische afwijkingen relevant voor differentiaal diagnose bij melanoom:
e GEEN verlies 3p

e GEEN verlies van 3p21 (BAP1)

e GEEN amplificatie 4q12 (KIT)

e GEEN amplificatie 7934 (BRAF)

e WEL verlies 9p21 (CDKN2A)

e GEEN gain 11p

e GEEN COMPLEX KARYOTYPE (>2 CNA >5 Mb)

Overige afwijkingen: Verlies van 6q

CONCLUSIE

Er is geen mutatie aangetoond in BRAF, NRAS, HRAS en CTNNB1.

SNP array analyse toont verlies van 9p21 (CDKN2A). Er zijn tevens additionele afwijkingen
namelijk CNVs van 6g en 9p, aangetoond. Deze array data passen niet meer goed bij een

benigne laesie en duiden op een laesie in het spectrum van hooggradige STUMP/melanoom.
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Result CytoScan array (case 2)

5, Whole Genome View - TN18-0

File View
[s @2\ @ TN18-0829.CNE.cychp
+ Weighted Log2 Ratio:-1.5... 1.5 SmoothSignal: 0... 4 +
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Case 2 results and conclusion

Note: FFPE, 80% neoplastische cellen

Gedetecteerde genetische afwijkingen relevant voor differentiaal diagnose bij melanoom:
*  WEL verlies van een deel van 3p

*  WEL verlies van 3p21 (BAP1)

*  GEEN amplificatie 4912 (KIT)

*  GEEN amplificatie 7934 (BRAF)

*  GEEN (homozygoot) verlies 9p21 (CDKN2A)

* GEEN gain11p

*  GEEN COMPLEX KARYOTYPE (>2 CNA >5 Mb)

*  mannelijk profiel

*  Overige afwijkingen: Verlies van 18p enY

CONCLUSIE

Er is een afwijkend mannelijk profiel waargenomen waarbij er een partiele deletie is van
chromosoomarm 3p. Deze partiele 3p deletie omvat het BAP1 gen hetgeen een belangrijk gen is
met betrekking tot metastasering van uvea melanoom. Het is vooralsnog onvoldoende
beschreven in hoeverre verlies van dit BAP1 gen vergelijkbare prognostische relevantie heeft als

monozomie 3 bij uvea melanomen is.
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NGS-gebaseerdeCNV detectie

voorbeeld: MET amplificatie (ong aanvraag R18-03446)

TSI ST S
Overzicht alle genen

? Eerste analyse z ( Iyse)
-score (eerste analyse
gen effect relatieve coverage | z-score |aantal kopieén® 100
1 03
ALK 0,8 -1 0 2000 i
8,00
BRAF 1,0 0 2 o | |
§ |
EGFR 1,1 1} 2 “00 | |
ERBB2 (HER2) 0,8 1 ) :': 0z s 02 01 03 s o3 i 1 o o0 0.0
o 0s o N e " U A APV BT I
il § o 18 ’ -7 )
FGFR2 0,8 -1 1 e =
FGFR2 1,2 1 3 FEETFFFLELELEFETE LS FFF IS EFTESESE
.
KIT 0,9 -1 1
Relatieve coverage (eerste analyse vs controles)
KRAS 0,9 0 1 -
MDM2 1,0 0 2 3,00
MET amplificatie 3,3 10 20 250
PDGFRA 1,1 1 3
PIK3CA 1,0 1} 2
PTEN 0,8 -1 1
TP53 0,8 -3 0

1) uitgaande van het percentage tumorcellen kunnen in dit materiaal amplificaties worden aangetoond van
minimaal 18 kopieén
2) bij inclusie van SNPs in NGS is bepaling allelic ratio mogelijk

Relatieve coverage maat aantal reads

Z-score maat voor afwijking t.0.v gemiddelde bij normaal verdeling. Z-scores van + 3 passen
niet bij normale verdeling en duiden op een reéle afwijking

Aantal kopieén op basis van relatieve coverage en tumorcel percentage

Radboudumc

Source: PJTA Groenen, dept. Of Pathology, Radboudumc



Learning objectives; tick the boxes...

*  Melanoma; important mutations

* Mutation analysis
by NGS (tissues as source)
by ddPCR low level detection

*  Melanoma; important Copy number variations

*  CNV detection methods
> MLPA
> array
> NGS

Radboudumc



