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Introduction to cancer drivers




Driver Mutations and Cancer Driver Genes

Cancer progression results from
mutations accumulated during

= éc‘ lifetime

Oc S @ Selection ° !\/Iut.atl.ons can be acquired by
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Q. . division) or exogenous

mutagens (e.g. UV light,
tobacco smoke).
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Stratton, Campbell & Futreal. Nature, 2009
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Which somatic mutations are cancer drivers?
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Oncogenes and tumor suppressor genes

Two types of driver genes: oncogenes (caused by mutations in proto-oncogenes in normal cells) and tumor

suppressor genes (TSGs)

Driver mutations

Mutated alleles in cancer

Effects on cell growth

Germline transmission of
mutant allele

Common somatic
mutations mechanisms

Well-known examples

Oncogenes
Activating or new functions

Dominant - mutation of 1 allele is
sufficient

Promote cell growth

Rare

Point mutations, amplification,
chromosomal translocation

MYC, RET, MET, KIT, FLT3, EGFR, BRAF

Tumor Suppressor Genes
Inactivating

Recessive - require mutations of
both alleles

Inhibit cell growth
Frequent

Point mutations, chromosomal
deletion, SV disruption

RB1, TP53, BRCA1/2, PTEN, CHEKZ2,
CDKNZ2A, TGFRB2, APC



Bioinformatics methods for driver gene identification




So, how to identify cancer driver genes?

Gene

Is it under positive selection in tumorigenesis?

Do observed mutational patterns deviate from the expectation under neutrality?



Bioinformatics approach to identify cancer drivers
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Signals of positive selection
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dNdScv: Martincorena et al., Cell,
2017

OncodriveCLUSTL: Arnedo-Pac et al.,
Bioinformatics, 2019

MotMaps: Tokheim et al., Cancer Res.,
2016

SMRegions: Martinez-Jimenez et al.,
Nat. Cancer., 2019

OncodriveFML; Mularoni et al., Genome Biol.,
2019

Mutpanning: Dietlin et al., Nat. Gen., 2020



The key: estimating the expectation under neutrality

a Impact on protein function

b Observed Functional Impact
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The key: estimating the expectation under neutrality

e Observed mutations

Somatic mutations %

Simulated mutations

Nucleotide context based
mutational probabilities

Genomic regions

| —
Element A
looo 90 o
n iterations

OncodriveCLUSTL

Observed clusters
Observed
GE
clustering
score

Simulated clusters

Simulated
GE
clustering

/\ score

GE clustering score

p-value
clustering signal

observed

g-value
ranked list

Element A
Element D
Element C

Element B

Taken from Martinez-Jimenez et al., Nat Rev Cancer, 2020



IntOGen (one platform to rule them all)

Cohort of patients Prefiltering and
. quality control
Somatic
mutations * Hypermutators

Method

dNdScv
CBaSE

OncodriveCLUSTL
HotMAPS3D
smRegions
OncodriveFML
Mutpanning

* Duplicated samples ,
* Panel of normals
* Low-quality variants

J

Discarded samples
and mutations

Catalogue of

Automatic Automatic driver genes

( combination postprocessing per cohort
Rationale 2
Negative binomial dN/dS estimation using regional covariates : ng&%meth‘)d . /l;‘J'oDn—expressed
Bayesian inference of non-synonymous counts given the | combination "I hypermutated "
observed synonymous counts * Weighting based * Known artifacts
Positional recurrence in the DNA sequence on credibility ‘
Positional recurrence in the 3D protein conformation Bt Tumogr typef-speclﬁc
Enrichment of mutations in functional domains d:v;?lg’;senes ;?Ss:tlitc())r?a/lofeg fSﬁes

Functional impact score bias
Recurrence of non-synonymous mutations combined with

deviance from neutral characteristic mutational contexts

Mutational features



Widespread

Cancer specificity

Specific
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Number of driver tumour types
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IntOGen

Mutational features of cancer driver genes
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|dentification of driver mutations in cancer genes




From cancer driver genes to driver mutations

How many mutations in driver genes are annotated as tumorigenic?

100
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ClinVar OncoKb .
Muinos et al., Nature, 2021



From cancer driver genes to driver mutations

How to distinguish driver from passenger mutations in cancer genes?

Produce a library comprising all p53
missense and nonsense mutants

8,258 mutant alleles ]
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Giacomelli et al Nature Genetics 2018

Experimental saturation mutagenesis



From cancer driver genes to driver mutations

How to distinguish driver from passenger mutations in cancer genes?

In silico saturation mutagenesis



From cancer driver genes to driver mutations

How to distinguish driver from passenger mutations in cancer genes?
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From cancer driver genes to driver mutations

1.0
0.9 A
c 0.8 A
ke
R
(&
2
® oz
mmmm boostDM: auPRC=0.95 1 06
memsm TP53 (Kato et al.): auPRC=0.88 ’
TP53 (Giacomelli et al.): auPRC=0.82 I
T T T T T T 0.5
0.0 0.2 04 0.6 0.8 1.0
Recall

| w=smm boostDM: auPRC=0.95

CHASMplus: auPRC=0.87

CADD: auPRC=0.84
wesss S|IFT4G: auPRC=0.83
messn \/EST4: auPRC=0.87
wesss Polyphen2 (HDIV): auPRC=0.82

0.4 0.6 0.8 1.0

Recall

0:0 0:2

Validation and benchmarking of boostDM TP53-colorectal model



boostDM

From cancer driver genes to driver mutations

Blueprint of TP53 driver mutations in colorectal tumors

TP53 Colorectal Cancer
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From cancer driver genes to driver mutations

100 — —
87.6 90.8 49.6 B Annotated

Not annotated
75

Proportion of mutations observed
in tumors in cancer genes
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Other genomic/epigenomic drivers




Somatic genomic rearrangement drivers

These could include
e Gene fusion involving oncogenes - good to validate with expression data for expression of fusion transcripts

e Truncation of tumor suppressors (e.g. SV breakpoints affecting exons)

e (Cis-activating rearrangements (e.g. promoter rearrangement and enhancer hijacking), accompanied with
changes in expression

ALK
-

Exon21 297 bp\

EML4

—_—

\ Exon 13

aQ = ¢ A
-

EML4-ALK variant 1

EML4-ALK fusion in lung cancer
(Session 6 practical)
Soda et al. Nature, 2007

Distance to next breakpoint

100004

1000

1004

27 Breast-AdenoCA
17  Ovary-AdenoCA
13  Panc-AdenoCA

48 Other

10kb

Complex, unclassified

- Deletion
+ Tandem Duplication

Unbalanced Inversion
Foldback inversion
Local 2-Jump

+- Reciprocal Translocation

Unbalanced Translocation
Reciprocal Inversion
Templated Insertions

+ Chromoplexy

T
48,800,000

T
49,000,000

chr13

Trar ion Plus (local-distant)

SV breakpoints inactivating RB1

in PCAWG cohort
Li et al. Nature, 2020

IGH enhancers translocation is a
common driver in ~50% multiple
myeloma

Barwick et al. Nature
Communications, 2019



Amplification

Deletion

Somatic Copy Number Alterations Driver

Common approach to identify SCNA drivers
e Identify significantly recurrent SCNA across tumors (e.g. Using GISTIC - session 7)

e With peaks overlapping established driver genes, compare expression of driver gene within the peak between

tumors with and without SCNAs (if available).
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Zack et al. Nature Genetics, 2013
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Epigenome and common assays for detection

DNA methylation

Bisulfite conversion

Affinity enrichment

Restriction Enzyme
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Mehrmohamadi et al. Front. Cel. Dev. Biol., 2021
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Epigenomic drivers

DNMT1
DNMT3A
TET1/2
IDH1/2
MBDs
SNF5 DNA | MLL1/2/3 uTX
BRG1/BRM methylation SETD2 BMI1
ARID 1A/1B/2 EZH2 LSD1
ATRX JARID1C CBP/P300
Histone-
Nucleosome
remodeling mocitying
enzymes
Gene expression
potential
Histones Histone PTM
and variants readers
BRD4
H3K27 mutant TRIM33
H3K34 mutant ING1
miRNAs BRCA1

CSH

{:

The epigenetic machinery

Genetic mutations of epigenetic modifiers

Baylin and Jones, Cold Spring Harb Perspect Biol., 2016

Genetic mutations of the
epigenetic modifiers could cause
genome-wide epigenetic
alterations in cancer.

Potentially lead to large
genome-wide changes in gene
expression in cancer.



a IDH mutations in cancer

Chondrosarcoma

IDH mutations as epigenetic drivers in cancer

AML

4.3% 6.6%

I 'IDH1-R132C

IDH1-R132G
I IDH1-R132H
I IDH1-R132L
Il IDH1-R132S

IDH2-R140Q
IDH2-R172G
[ IDH2-R172K
M IDH2-R172M
I IDH2-R172S
M IDH2-R172T

Il Other
IDH-wild-type

A

DH1

Allosteric mutant
IDH inhibitor

Chromatln
restructurlng

Isocitrate

NADP |DH-
NADPH wild-type

o-Ketoglutarate

NADPH IDH-mutant
NADP*

D-2-hydroxyglutarate

Dlﬁerentlatlon
blocks

Aberrant methylation

IDH1 and IDH2 are mutated at varying
frequencies in several cancers:

e |IDH1/2 mutants lead to
overproduction of
D-2-hydroxyglutarate

e This leads to altered metabolism,
aberrant DNA and histone
methylation, chromatin
restructuring and blocks to normal
differentiation patterns.

Pirozzi & Yan, Nat. Rev. Clin. Oncol., 2021
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DNA methylation in cancer

DNA methylation

Alteration in DNA methylation can contribute to
tumorigenesis by various mechanisms:

e Local hypomethylation can lead to genomic
instability and oncogene activation

e Local hypermethylation often at promoter
regions can lead to silencing of TSGs

e Altered methylation can lead to increased

possibility of carcinogen-induced and/or
UV-induced mutations

Baylin and Jones, Cold Spring Harb Perspect Biol., 2016



Noncoding drivers




Noncoding drivers

’ ( — Intron
¢ w
5" UTR| Exon Hz I UTR
Enhancer Promoter Splice CTCF

signals

Regulatory
RNA

Cohesin

Elliott & Larsson, Nat Rev Cancer 2021

Non-coding mutations can contribute to tumorigenesis via multiple mechanisms:

Alter transcriptional regulation (e.g. mutations in enhancer, promoter)

MRNA translation and stability (e.g. mutations in 5" UTR, 3" UTR)

Alter regulatory elements that control splicing (e.g. mutations in intron)

Disrupt chromatin domain structure, resulting in altered gene expression (mutations affecting CTCF or its binding
sites)

Alter function of regulatory non-coding RNAs



Challenges in identifying non-coding drivers

Megabase-scale covariates ‘ Localized mutational phenomena | Trizzﬁltic:(ttide
. Diﬁerent.ial repair (MMR, NER) Impaired  Elevated Transcription  AID somatic APOBEC
e Chro.mat.m state (such as H3K9Me3) NER at damage  -associated hypermutation  mutagenesis
* Replication timing TFBS atTFBS  indels
A

ETS transcription factor —

£ADR
Transcription | AID ) APOBEC'

factor— * *
GGAAGGT ﬁ\/ /\/ TCG TTTTIT
CCTTCFJJLLL/ AGC il

Mutation T

Pyrimidine ﬁ—»@ . 'mRNA

Sugar-phosphate backbone

Multiple key covariates across genomic regions need to be taken into account to reliably identify positive
selection signals (mutations occur at higher frequency than expected by chance) e.g. differential repair,
chromatin state, and replication timing compared to coding regions

Various localized mutational phenomena poorly understood can confound non-coding driver detection
More difficult to evaluate the functional impact of mutations

Elliott & Larsson, Nat Rev Cancer, 2021



Useful public databases for requlatory features

Name

Element class

Technique

Large scale studies

ENCODE

TFBS, histone modifications, genome-wide DNA:DNA interactions, and others

ChlIP-seq, 5C, Hi-C, DNasel-seq, and many more

Roadmap Epigenomics

TFBS, histone modifications, DNA methylation, transcribed regions, and others

ChlIP-seq, DNasel-seq, WGBS, RNA-seq, and many
more

FANTOM

FANTOMS & 6: promoters, enhancers, INcRNAs, and miRNAs

CAGE, deepCAGE, other CAGE methods, full-length
cDNA technology

Element class

Databases included

Metadatabases

Ensembl Regulation

TFBS, CTCF binding sites, TSS, miRNA target sites; annotation of open
chromatin, promoters, enhancers, and others

ENCODE, FANTOMS5, DianaTarBase, VISTA, and more

TFBS, histone modifications, DHS, CpG islands, DNA:DNA interactions,

uesc sno/miRNA target sites, promoters, enhancers, and others ENCODE, ORegAnno, GeneHancer, VISTA, and more
Element class Lo
Abbreviation:
EnDB Enhancer CTCF: CCCTC-binding transcription factor
EnDisease Enhancer ChlIP: chromatin immun.o.prec.ipitation
DHS: DNasel-hypersensitive site
DiseaseEnhancer Enhancer IncRNA: long non-coding RNA
;i::a’s;‘;::‘de“"e“' JASPAR — miRNA: micro RNA
snoRNA: small nucleolar RNA
GTDR TFBS TFBS: transcription factor binding site
ORegAnno TFBS TSS: transcription start sjte . .
WGBS: whole genome bisulfite sequencing
RegulomeDB TFBS, promoters Garda et al.. Med Gen., 2021

Can help reduce computation burden and increase the chance of finding non-coding drivers with functional impacts




Elliott & Larsson,
Nat Rev Cancer, 2021

Common tools to detect noncoding drivers

Tool Basic function Characteristics accounted for
name
Key Local Trinucleotide Localized Functional
covariates® mutation model® phenomena® impact®
rate®
Actlvel)8r1|v Qua(\tmes enrichment of rr_1utat|ons in predefined genomic regions No Yes Yes No No
erWGS='  relative to a local expectation model
CNCDrive Combines functional impact and recurrence with background mutation
€ rate computed by sampling of similar regions Yes No Yes AID Yes
Driver Uses mutational burden and functional impact evidence to identify
Power24 driver mutations in coding and non-coding regions e wes ves No Yes
ExinAtor®® |dentifies genes with an excess load of SNVs, focusing on IncRNAs No No Yes No No
fishHook®  Uses generalized linear modelling of mutation densities to detect
3 enrichment or depletion of indels and SNVs Yes Yes Yes o hNo
96 Identifies elements with a significant mutation burden above a covariate
LARVA corrected background in annotated regions Yes No NG No No
MOATSZ Divides the genome into user-defined bins to determine local No Yes Yes No No
— background mutation rate
MutEnrich Calculates both the overall mutation burden and hotspot enrichments Yes Yes No No No
er28 for coding and non-coding regions
%utSlgﬂ Det_ects mute_ztllon excess relatlvg_to a baquround model that considers Yes Yes Yes No Yes
< patient-specific and gene-specific mutation rates
MutSpot& Performs feature selection across epigenetic and sequence features
§—p— followed by estimation of position-specific and patient-specific Yes Yes Yes Yes No
background somatic mutation probabilities
nggDetect Usgs §amp|e-spegf|c muta_tl_on‘al signatures, long-range mutation rate Yes Yes Yes No Yes
2== variation and position-specific impact
. .57 Firstidentifies recurrently mutated elements and then evaluates based
nchriver on combined significance of cancer-type specificity and conservation fes No ves No fes
Oncodrive Assesses the functional impact of somatic mutations in coding and
100 n N " 5 N No Yes Yes No Yes
EML™= non-coding regions relative to simulated mutations
& - " " .
%QM Identifies excess mutations at TFBSs using a global mutation rate No No No No Yes
a model
SMuRF102 Uses a user-defined set of regions as input and identifies, filters and Yes No No No No

annotates significantly mutated regions



TERT promoter mutations in cancer

Promoter Unknown  Amplifications  Structural
structural 5% 3% variants Chromosome 5
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Different mechanisms of TERT reactivation

) ) Hasanau et al. biomedicine, 2022
in cancer. Hafezi and Percoff, cells, 2020

e TERT is silent in most somatic cells, and is reactivated in cancer cells, allowing them with unrestricted
proliferation capacity

e Two canonical mutations in TERTp (C228T and C250T) observed in multiple cancer types create de novo ETS
binding motifs -> transcriptional activation.

e Less frequent tandem mutations CC242/243TT have also been observed



An example of drivers in non-coding regions

e Mutations/SCNAs in the regulatory noncoding regions are also being actively investigated as drivers
e MYCis known to be overexpressed through MYC translocation and amplification in multiple myeloma
e SCNAs affecting the non-coding regulatory regions as an alternative mechanisms altering MYC expression
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Experimental validation and clinical application




Functional validation of candidate driver genes

Bioinformatics methods help identify potential driver genes candidates and prioritize for functional testing

Gold standard: introduction of the mutation produces cellular phenotype that contributes a selective advantage
to growth and survival

Consideration:
o Model organisms with different biology between species: e.g. most mouse cells have active telomerase but

not most human cells -> mask the effects of drivers activating telomerase in mice vs human.

o  Cell types: Ideally testing on cell types of cancer origins, but some cancers do not have known cell of
origins. Cancer cell lines might also have mutations in the same pathways that tested drivers are affecting.

o Interdependence of mutations: some drivers acting co-occurring or mutually exclusive with others



A Reverse-Phase Protein Arrays (RPPA)

Sample lysates spotted on glass
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Examples of experimental strategies
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Functional consequences of alterations

D CRISPR-Cas9

—Cas9

L

o

Double-stranded break (DSB)

RPPA technology is a common protein
microarray that uses antibodies to measure
the relative expression levels of proteins in
tissues or cells.

Ng et al. measured the impact of somatic
alterations on gene expression.
https://doi.org/10.1016/j.ccell.2018.01.021

Integrated proteogenomic analysis can detect
the protein abundance differences and
modification caused by somatic alterations.

eY2H can help elucidate how somatic
mutations can alter protein—protein
interactions (PPIs), protein—DNA interactions,
and protein—metabolite interactions.

CRISPR-Cas9 offers high efficacy to introduce
mutations into the cellular/animal model to
observe any tumorigenic differences between
variant and wild type models.

Nussinov et al. PLOS Computational Biology, 2019
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Example of clinical applications
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79 cancer types
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Biomarker Drug Effect Cancer Evidence Reference
i mutation 1 i drug name> | :: responsive i tumor type | ::clinical practice :: guidelines
2 CNA s drug family i no responsive :: tumor ::clinical trials IlI-IV | :: publication
:: fusion :: resistance subtype 3 ::clinical trials I-11 .- conference
::others 2 : toxicity ::case reports abstract
. :: pre-clinical data
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2. N )
: m;'ludes n‘;UIt; marker events annotation
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include international clinical recommendations .
remapping
&—3| links to references
duplicated entries check
L Cancer Biomarkers database
Biomarker Drug Effect Evidence Cancer Reference
ABL1 (T315A,F317L,F317V,F3171,F317C,V2..  Nilotinib (BCR-ABL inhibitor 2nd gen) IEZETE  NCNN guidelines  CML PMID: 21562040
ABL1 (1242T,M244V,K274R L 248V,G250E,G.. _ Imatinib (BCR-ABL inhibitor 1st gen) I European Leukem.. CML PMID: 21372080
ALK (L1196M,51206Y,G1269A,11171T) Ceritinib (ALK inhibitor) IZTIIETE  FDA guidelines  LUAD PMID: 24670109
ALK (11171T) Alectinib (ALK inhibitor) IS Case report LUAD PMID: 25226534
AKT2 amplification MK2206 (Allosteric AKT inhibitor) Pre-clinical CANCER  ENA 2015 (abstr 373)
B2M oncogenic mutation PD1 Ab inhibitors (immune checkpoint..  [[[TEESGIl Case report cM PMID: 27433843
BRAF (V600E) Vemurafenib (BRAF inhibitor) Early trials COREAD  PMID: 26287849
BRCA1 oncogenic mutation Platinum agent (Chemotherapy) Late trials ov PMID: 22406760; 225
DPYD splice donor variant Tegafur (Fluoropyrimidine) CPIC guidelines CANCER  PMID: 239688873
EGFR exon 19 deletions Erlotinib (EGFR inhibitor 1st gen) FDA guidelines NSCLC PMID: 289203045
ESR1-YAP1 fusion ESR1 inhibitors I Preclinical BRCA PMID: 24055055
G6PD (V98M) + G6PD (N156D) Dabrafenib (BRAF inhibitor) FDA guidelines  CANCER  PMID: 26578950
IL7R (S185C) + SH2B3 deletion MTOR inhibitors IETIIETN  Pre-clinical ALL PMID: 22955920
JAK2 (V617F) Ruxolitinib (JAK inhibitor) FDA guidelines MY PMID: 28675839
KIT mutations in exon 9,11,13,14 or 17 Regorafenib (Pan-kinase inhibitor) FDA guidelines GIST PMID: 25438920
KRAS oncogenic mutation PI3K inhibitor + MEK inhibitor Early trials PA ASCO 2015 (abstr 4119)
MET amplification + BRAF (V600E) Crizotinib + Vemurafenib (ALK inhibitor +.. Case report COREAD  PMID: 27325282
PIK3CA oncogenic mutation + ERBB2 amplif..  Everolimus + Trastuzumab + Chemother.. Late trials BRCA PMID: 27091708
PML-RARA fusion Volasertib (PLK1 inhibitor) Early trials AML NCT02198482 NCT0166
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Tamborero et al., Genome Medicine, 2019
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ALTERATIONS

Mutations CNAs

Show entries with: Mutations identified as drivers Mutations with oncogenic annotations Other mutations

Sample ID Gene Protein Change Oncogenicity (%)  Mutation Consequence Oncogenic annotation (3)  Transcript

Search here...

TCGA-AG-3999 KRAS G12s (driver’ chr12:25398285 C>T missense variant ®: ENST00000256078
TCGA-AG-3999 TP53 R213* driver’ chr17:7578212 G>A stop gained > ENST00000269305
TCGA-AA-AOOD TP53 R196* (driver chr17:7578263 G>A stop gained S ENST00000269305
TCGA-AA-A00D PIK3CA H1047L - chr3:178952085 A>T missense variant S ENST00000263967
TCGA-AA-AOOD APC R1450* " driver chr5:112175639 C>T stop gained S0 ENST00000257430
TCGA-AA-AOOD BRAF V600E “driver chr7:140453136 A>T missense variant ® ENST00000496384
TCGA-AG-3999 APC E190° driver chr5:112116523 G>T stop gained ENST00000257430
TCGA-AA-AOOD APC R564* driver’ chr5:112164616 C>T stop gained ENST00000257430
TCGA-AG-3999 BCLSL Q1041+ " driver chr11:118771331 G>A stop gained ENST00000334801
TCGA-AG-3999 PTPRU R1297Q  driver chr1:29649914 G>A missense variant ENST00000345512
TCGA-AG-3999 PTPRT R1340H chr20:40714387 C>T missense variant ENST00000373193
TCGA-AG-3999 UBRS5 G1638R ¢ chr8:103299706 C>T missense variant ENST00000520539
TCGA-AG-3999 PNLIP R54C chr10:118306919 C>T missense variant ENST00000369221
TCGA-AA-A00D C100rf90 R651* chr10:128118366 G>A stop gained ENST00000284694
TCGA-AG-3999 DDX21 G295V chr10:70725230 G>T missense variant ENST00000354185

Tamborero et al., Genome Medicine, 2019
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R PRESCRIPTIONS
Show entries with: as for the tumortype [ in genes ibed as with a different aminoacid change
a as for a different tumor type O in genes as bi upon other types
Sample ID Alterations (7)  Biomarker Drugs (D) | Diseases (D | Response () | Evidence ~ (@ Match () Source BioM () Resist. (9

Search here...
TCGA-AG-3999
TCGA-AG-3999
TCGA-AG-3999
TCGA-AG-3999
TCGA-AG-3999
TCGA-AG-3999
TCGA-AA-A00D
TCGA-AA-A00D
TCGA-AA-A00D
TCGA-AA-A00D
TCGA-AA-A00D
TCGA-AA-A00D
TCGA-AA-A00D
TCGA-AG-3999
TCGA-AG-3999
TCGA-AG-3999
TCGA-AG-3999
TCGA-AG-3999
TCGA-AG-3999
TCGA-AG-3999
TCGA-AG-3999
TCGA-AG-3999
TCGA-AG-3999
TCGA-AG-3999
TCGA-AG-3999
TCGA-AG-3999
TCGA-AG-3999

@ kRAs (G125)
@ KRAs (G125)
@ Kras (G125)
@ kRraAs (G125)
@ kRAs (G125)
@ KkRras (G125)
@ PiK3CA (H1047L)
(@ BRAF (V600E)
(@ BRAF (V600E)
@ PIK3CA (H1047L)
(@ BRAF (V600E)
@ BRAF (V600E)
@ BRAF (V600E)
@ KRrAs (G125)
@ KRAs (G125)
@ KkRas (G125)
@ KRras (G125)
@ KRAs (G125)
@ KRAs (G125)
@ P53 (R2137)
@ kRAs (G125)
@ P53 (R213%)
@ P53 (R213%)
@ KRAs (G125)
@ kRaAs (G125)
@ KRas (G125)
@ Kras (G125)

4 KRAS (12,13)

4 KRAS (12,13,59,61,117,146)

< KRAS oncogenic mutation

< KRAS oncogenic mutation

4 KRAS oncogenic mutation

4 KRAS (D119N,G12F,F156L,G60R,F281
< PIK3CA oncogenic mutation

<A BRAF (V600E)

4 BRAF (V600E)

<4 PIK3CA (C420R,E542K,E545A,E545D,
< BRAF (V600E)

<4 BRAF (V600E,V600K)

< BRAF (V600E,V600K)

4 KRAS oncogenic mutation

<4 KRAS (A146T,G13D,G12C,.,A146P,Q6
4 KRAS (G12C,G12.,G12A,G12V,G12D,(
4 KRAS (G12D,G12C,G12A,G12S)

-4 KRAS oncogenic mutation

4 KRAS

Cetuximab (EGFR mAb inhibitor)
Panitumumab (EGFR mAbD inhibitor)
Panitumumab (EGFR mAb inhibitor)
Cetuximab (EGFR mAb inhibitor)
EGFR inhibitors

Panitumumab + Cetuximab

Colorectal adenocarcinoma
Colorectal adenocarcinoma
Colorectal adenocarcinoma
Colorectal adenocarcinoma
Lung

Colorectal adenocarcinoma

Alpelisib (PI3K inhibitor) + Fulvestrant (Estrogen re{ Breast adenocarcinoma

Trametinib (MEK inhibitor) + Dabrafenib (BRAF inhi Non-small cell lung

Encorafenib (BRAF inhibitor) + Cetuximab (EGFR r, Colorectal adenocarcinoma

Alpelisib (PI3K inhibitor) + Fulvestrant (Estrogen re( Breast adenocarcinoma

Dabrafenib + Trametinib (BRAF inhibitor + MEK inh Lung adenocarcinoma

Dabrafenib + Trametinib (BRAF inhibitor + MEK inh Cutaneous melanoma

Vemurafenib + Cobimetinib (BRAF inhibitor + MEK | Cutaneous melanoma

Trastuzumab + Lapatinib (ERBB2 mAb inhibitor + E Colorectal adenocarcinoma

Cetuximab
Gefitinib

Melphalan
Trametinib

+ Ridaforolimus

<4 TP53 oncogenic mutation

Alemtuzumab

- KRAS oncogenic mutation Lysergide

4 TP53 (R175H,.,R249.) Doxorubicin

<4 TP53 oncogenic mutation Chemotherapy

- KRAS oncogenic mutation Abemaciclib

< KRAS oncogenic mutation Bevacizumab

4 KRAS g R + Sorafenib
4 KRAS g D + Selumetinib

Colorectal adenocarcinoma
Lung

Multiple myeloma

Non-small cell lung
Endometrial adenocarcinoma
Chronic lymphocytic leukemia
Lung adenocarcinoma
Breast adenocarcinoma
Stomach

Non-small cell lung
Colorectal adenocarcinoma
Hepatic carcinoma

Non-small cell lung

Resistant

Responsive

Responsive

Responsive
Responsive

Responsive

Resistant

Resistant
Responsive
Responsive
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Invited speaker

Date: Thursday, March 23, 2023

ime: 10:30 AM - 11:30 AM

Speaker: Nuria Lopez-Bigas, Ph.D., Institute
for Research in Biomedicine (IRB) Barcelona

Title: Somatic mutations in tumors and
normal tissues




THANKS FOR YOUR ATTENTION!
Questions?

Next: Practical session 8 (10:45am)

e Running different algorithms to identify cancer driver genes (dndscv, OncodriveFML, OncodriveCLUSTL)

e Demo of using Cancer Genome Interpreter to identify driver mutations and link to clinical applications



