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Presenting dense information in an easily readable way
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Article ~ OPEN

The somatic mutation profiles of 2,433
breast cancers refine their genomic and
transcriptomic landscapes

Published: 10 May 2016

Bernard Pereira, Suet-Feung Chin [...] Carlos Caldas™

Nature C ications 7, Article ber: 11479 (2016)  Download Citation

Tumours with both mutation and copy numbe
available (n=2,021) are grouped by IntClust al
axis, and alterations in the 40 Mut-driver gene
indicated by coloured bars. For each tumour, t
of functional mutations in Mut-driver genes a

number of recurrent CNAs (as defined by GISTI
are also shown. AMP, amplification; ACT, acti
mutation; HOMD, homozygous deletion; INAC
inactivating mutation; LOH+MUT, mutation a

hemizygous deletion.
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Going high-level

Sleeping Beauty mutagenesis reveals
cooperating mutations and pathways in
pancreatic adenocarcinoma

Karen M. Mann, Jerrold M. Ward, Christopher Chin Kuan Yew, Anne Kovochich,

David W. Dawson, Michael A. Black, Benjamin T. Brett, Todd E. Sheetz, Adam J. Dupuy,
Australian Pancreatic Cancer Genome Initiative, David K. Chang, Andrew V. Biankin,
Nicola Waddell, Karin S. Kassahn, Sean M. Grimmond, Alistair G. Rust, David J. Adams,
Nancy A. Jenkins, and Neal G. Copeland

Circos map of pancreatic cancer candidate cancer genes identified by the
GKC method. Transposon insertions in the plus (orange lines) and minus
(purple lines) strands show genome-wide coverage of mutagenesis. GKC
CCGs are illustrated on the outer perimeter of the plot with their exact
location denoted by a black line. Genes listed in red are mutated in human
pancreatic cancer. The blue lines in the center connect bolded GKC CCGs
that significantly co-occur in tumors (Fisher exact test, P < 0.0003).
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Granular and Detailed

News

MIC

Catologue OFf Somatic Mutations In Cancer

¥ | Help ¥ | About ¥ | Genome Version ¥

Hallmarks of Cancer &

@ Function summary

guardian of the genome [Pubmed] %; Molecule of the Year 1993 [Pubmed] #;
transcription factor that coordinates cellular response to stress caused by a variety of
signals including DNA damage, aberrant growth signalling, hypoxia, and a wide range
of chemotherapeutic drugs, ultraviolet light, and protein-kinase inhibitors

[Pubmed] #; traffic cop at the crossroads of DNA repair and recombination

[Pubmed] %; maintains the integrity of mitochondrial DNA [Pubmed] %

switch v!cw@ Promotes

Q Role in cancer
‘ Senescence

Cell division control

Differentiation and
development

Types of alteration in cancer

of on functi

Fusion partner

Interaction with pathogen

TSG, fusion, oncogene

induces cellular senescence [Pubmed]
activation leads to cell cycle arrest [Pubmed]®

involved in neural, osteogenic, myogenic, hematopoietic and adipogenic differentiation [Pubmed] 2

preventing nuclear accumulation of wt p53 through sequestration in cytoplasm impairs G1 checkpoint after DNA damage in neuroblastoma
[Pubmed] “; loss of transactivation capacity is a key factor for the selection of missense mutations, the majority of the most common
mutants show a capacity to exert dominant-negative effect over wild-type p53 [Pubmed] #

R273H mutant impairs apoptotic response by downregulating caspase-3 [Pubmed] %; R248W and R273H mutants interact with the
nuclease Mrell and suppress the binding of the Mre11-Rad50-NBS1 (MRN) complex to DNA double-stranded breaks, leading to Impaired
ATM activation [Pubmed]®; fusions and intragenic rearrangements in osteosarcoma result in the loss of p53 function in osteosarcoma
[Pubmed] #

NTRK1 in Spitz nevus [Pubmed] ; PPRAD, VAV1, EMR1, DDX398B, SAT2, in osteosarcoma [Pubmed] %

type 16 and 18 HPV E6 oncoprotein binds p53 and promotes its degradation via ubiquitin-dependent protease system [Pubmed]

genome instability and mutations

directly binds and forms stable complexes with DNA containing
insertion/deletion mismatches, providing a signal for DNA damage ¥
[Pubmed] #; cells which lack p53 display multiple copies of functionally
competent centrosomes generated during a single cell cycle in mouse
embryonic fibroblasts [Pubmed] ; suppresses spontaneous homologous
recombination [Pubmed] ; activator of base excision repair pathway
[Pubmed] %; induces transcription of NER genes [Pubmed] %; protects from
stalled replication fork-associated DNA double-strand breaks [Pubmed] @,
obstructs aneuploidy bv either instigating irreversible cell cycle arrest or
apoptosis [Pubmed] @

angiogenesis

inhibits angiogenesis through the upregulation of maspin expression
[Pubmed) %

cell replicative immortality

transfection of mutant p53 expression constructs into cells of finite lifespan
in vitro results in cellular immortality [Pubmed) "'; induces differentiation of
mouse embryonic stem cells by suppressing Nanog expression [Pubmed] #;
stem cells with targeted mutation of the tumour suppressor p53 possess the
same self-renewal properties as cancer SCs, and their number increases
progressively in the p53 null premalignant mammary gland [Pubmed]®

escaping programmed cell death

induces apoptosis through the transcriptional induction of redox-related
genes followed by the formation of reactive oxygen species and oxidative
degradation of mitochondrial components, culminating in cell death
[Pubmed] %; loss of endogenous pS3 activity in cells transfected with a

dominant-negative mutated p53 inhibits anolkis in thyroid epithelial cells
[Pubmed] *; R273H GOF mutation impairs apoptotic response by
downregulating caspase-3 [Pubmed] %

invasion and metastasis

wild-type p53 suppresses cancer invasion by inducing Slug degradation, GOF
mutant pS3 inactivates Slug degradation and leads to Slug accumulation and
increased cancer cell invasiveness [Pubmed] % 21

3 S 2
@‘ tumour promoting inflammation @

constitutive pro-inflammatory activation of NF-kB reduces the tumour
suppressor activity of p53, while enforced p53 activation reduces NF-kB
activity, inflammation, and immune response [Pubmed] %

Copyright Cambridge Cancer Genomics, Inc. 2020
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Oncologists typically have 10mins to prep for a
15-30min consultation

o Latest PET-MRI/CT scan results

» Pathology report

* Blood work & tox report

« MDT notes in EMR

o Current treatment regimen: Literature around
resistance mechanisms and drug efficacy

« Genomic findings: Relevance and actionability

Copyright Cambridge Cancer Genomics, Inc. 2020



Modelling tumour evolution from longitudinal data

Invasive
ln Situ cancer

Cell with cancer
mutation Dysplasia ¥

Hyperplasia

Copyright Cambridge Cancer Genomics, Inc. 2020



Modelling tumour evolution from longitudinal data

Invasive
In situ cancer

Cell with cancer
mutation Dysplasia

Clonal fractions at initial diagnosis Day 170 First relapse

« ETV6, WNK1-WAC,
MYO18B

AML1/UPN933124
Chemotherapy
Cell type: Mutations:
. Normal . AML @ Founding (cluster 1) - Relapse enriched (cluster 3) @ Relapse specific (cluster 5) s+ Pathogenic mutations
= @ Primary specific (cluster 2) @ Relapse enriched (cluster 4) O Random mutations in HSCs
il . . .
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How we are thinking about data presentation in VAF Tracker

Colorectal Cancer PX1

Tumor Response & Treatment Map

NRAS SNVG A 1115256603 O MSH3 SNV A TS 80064705

Lasttested

Male 1957-01-01 667

APC SNVAC5 112176575

{' BRAF SNVAT 7 140426198

PALB2 SNV G T 16 23641277 )
ATM SNV CA 11 108142022

‘\/J_

ATM SNV T C 11 108173615

\ TCERG1 SNV T G5 145838629 )

Insights for Selected Gene

GENOMIC FINDINGS

EGFR - epidermal growth factor receptor

POTENTIAL CLINICAL TRIALS

Study of Encorafenib + Cetuximab Plus or Minus Binimetinib vs.
Irinotecan/Cetuximab or Infusional 5-Fluorouracil (5-FU)/Folinic Acid
(FA)/Irinotecan (FOLFIRI)/Cetuximab With a Safety Lead-in of Encorafenib
+ Binimetinib + Cetuximab in Patients With BRAF V600E-mutant
Metastatic Colorectal Cancer

Summary Eligibility Locations

Study of Dabrafenib+Trametinib in the Adjuvant Treatment of Stage Il
BRAF V600+ Melanoma After Complete Resection to Evaluate the Impact
on Pyrexia Related Outcomes

Locations

Summary Eligibility

N7

@) Details

D
)

o)

NCT02928224

NCT03551626

e
POTENTIAL FDA-APPROVED THERAPIES

Vemurafenib

Brand: Zelboral

Indications & Usage Mechanism of Action

Dabrafenib

Srand: Tafinlar

indications & Usage Mechanism of Action

Trametinib

Brand: Mekinist

indications & Usage  Mechanism of Action
APC it v E Promotes ’E — o

adenomatous polyposis of the colon gene ‘ ‘
[ Y Lo
repressar of the Wnt signalling pathway, part of beta-catenin #Ny
destruction complex {Pubmed] # ‘ '

\ Q’~
=
=
Suppresses
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ff’%‘\\\ )
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How others are thinking about presenting longitudinal genomic data

Doe, James (A37111) GUARDANT, 36X

Patient MRN: 2345678 | DOB: MAR-21-1970 | Gender: Male
Diagnosis: Non-small Cell Lung Cancer | Test Number 1

Patient information Therapy Finder Page

REPORTING PHYSICIAN

Final Report Date: NOV-08-2017 Mary Smith

Receipt Date: OCT-31-2017 Account: Pleasantville Oncology

Collection Date:  OCT-30-2017 Address: 1234 Main Street,

Specimen: Blood Nashville, TN 37011 United States S
Status: Final Ph: 111.111.1111 | Fax: 222.222.2222 map

Additional Recipient: James Brown

Complete Tumor Response Map on page 2

Summary of Somatic Alterations & Associated Treatment Options

KEY: ° Approved in indication () Approved in other indication () Lack of response

Treatment- Alteration % cfDNA or Associated Clinical trial availability
. ;1| t@ﬁ Th Amplification FDA-approved therapies (see page 3)
EGFR L858R 0.5% @ Eriotinib, Gefitinib, Afatinib Yes
TP53 R156P 12% Yes
Variant allele

fraction
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Molecular Taxonomy of Breast Cancer International Consortium
(METABRIC)

Copy Number and RNA Targeted DNA sequencing
Article  Published: 18 April 2012 Article = OPEN | Published: 10 May 2016
The genomic and transcriptomic The somatic mutation profiles of 2,433
architecture of 2,000 breast tumours breast cancers refine their genomic and
reveals novel subgroups transcriptomic landscapes
Christina Curtis, Sohrab P. Shah [...] Samuel Aparicio ™ Bernard Pereira, Suet-Feung Chin [...] Carlos Caldas™
Nature 486, 346-352 (21 June 2012)  Download Citation Nature Communications 7, Article number: 11479 (2016) ~ Download Citation &

microRNA

Nature. 2013 May 16:497(7449):378-82. doi: 10.1038/nature12108. Epub 2013 May 5.

The shaping and functional consequences of the microRNA landscape in breast cancer.

Dvinge H', Git A, Graf S, Salmon-Divon M, Curtis C, Sottoriva A, Zhao Y, Hirst M, Armisen J, Miska EA, Chin SF, Provenzano E, Turashvili G, Green A, Ellis |,

Experimental Models

Cell. 2016 Sep 22;167(1):260-274.622. doi: 10.1016/j.cell.2016.08.041. Epub 2016 Sep 15.

A Biobank of Breast Cancer Explants with Preserved Intra-tumor Heterogeneity to Screen
Anticancer Compounds.

Bruna A', Rueda OM', Greenwood W', Batra AS", Callari M', Batra RN', Pogrebniak K", Sandoval J', Cassidy JW', Tufegdzic-Vidakovic A", Sammut SJ',
Jones L2, Provenzano E3, Baird R?, Eirew P*, Hadfield J', Eldridge M", McLaren-Douglas A5, Barthorpe A%, Lightfoot H5, O'Connor MJS, Gray J7, Cortes J8,

‘%%‘\ Baselga J°, Marangoni E'°, Welm AL™, Aparicio $*, Serra V&, Gamett MJ5, Caldas C'2.

\\{((ii%” Copyright Cambridge Cancer Genomics, Inc. 2020




Article = Published: 18 April 2012

The genomic and transcriptomic
architecture of 2,000 breast tumours
reveals novel subgroups

Christina Curtis, Sohrab P. Shah [...] Samuel Aparicio- gg
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Integrating drug response data from caldaslab.cruk.cam.ac.uk/bcape

A(- = C" @ https://caldaslab.cruk.cam.ac.uk/beape/ ﬁh ‘ ﬂ . o= . '.- = IV (;,% “’|_ .

UNIVERSITY OF

CAMBRIDGE
INSTITUTE CAMBRIDGE

Breast Cancer PDTX Encyclopaedia ﬁ Eé:s"&%"cn

Home Models Drugs Genes Downloads Help

Drug: 5-Fluorouracil
Show 10 rows Search: |

Models Copy Number Gains Copy Number Losses Mutations Expression Methylation

Drug Pathway Target
Comparison of models with and without copy number losses
(52)-7-Oxozeaenol other TAK1 (MAP3KT7) 0.6
17-AAG other HSP90
Pt Dwwiessn  owewwe C .
681640 Genome integrity (CHEK) WEE1, CHEK1 0.4 ..
ABT-263 apoptosis regulation BCL2, BCL-XL, BCL-W R
N fe—@ . <

AG-014699 Genome integrity (PARP) PARP1, PARP2 §' Q

g
AMG-706 RTK signaling VEGFR, RET, c-KIT, PDGFR 02 . ' 6

© ol
AZ628 BRAF BRAF 01 .

()
AZ960 Unknown JAK2 b‘ ‘.
0

AZD2281 Unknown PARP1, PARP2
Showing 1 to 10 of 104 entries -0.1
-3 -2 -1 0 1 2 3 4 5 6
Previous E’ 2 3 4 5 1 Next Effect (-Resistance/+Sensitivity)
© filtered @ not filtered
Details Data
The plot shows, for each gene, in the y axis the adjusted p-value in -log10 scale of a t-test comparing the AUC in models with losses vs models with no losses in that gene. Values
larger than 1 are considered statistically significant.
The x axis shows the negative value of the t-statistic that measures the difference in AUC means for those two groups of models. Positive values suggest sensitivity to the drug in
the models with the CNA and negative values resistance.
Filtered genes are those with a mean AUC that is considered sensitive for the models with the alteration and a mean AUC resistant for the models without the alteration (or the
other way around; threshold for sensitivity is 0.2).
An upper limit of 1000 genes are shown; these include the most significant 500.
Select a drug in the search panel to view sensitivity results. Drag within plot to zoom. Click on a point to navigate to the gene view.
® 2018 University of Cambridge Contact us | Terms and Conditions

Copyright Cambridge Cancer
Genomics, Inc. 2020




What should we present to clinicians?

NB: for judging, we will assume that doctors ha
ipads/webapps/etc. so info can be interactive

“Patient is IntCluster x, with a median survival of y months, and has copy number gains
associated with z drug resistance”

eeer v Y e e g e e gy gy
A A A n A A PR N " As A " A Ada b A b AL A
1 2 3 4 5 6 7 8 9 10 11 121314 15161710192%‘&)(
Chromosome
Drug: 681640
Modeis Copy Number Gains Copy Number Losses

15

1.25

-log10(FDR}

Comparison of mutated and unmutated models

Gene: CCDC79
‘ p-value: 0.004, FDR: 0.0983
© Mutated, mean AUC: 0.374 (N = 2)
Not Mutated, mean AUC: 0.102 (N = 17)

=25 0 25 5 75 10
Effect (~Resistance/+Sensitivity)

O filtered @ not filtered

Disease-specific survival probability

Discovery set

Logrank P = 1.2 x 10714

@ IntClust1: 74(18)
@ IntClust2: 45(20)
e |ntClust3: 150(19)
@ IntClust4: 164(32)
e |ntClust5: 91(48)
 IntClust6: 44(14)
@ |ntClust7: 109(21)
e IntClust8: 140(34)
@msw  IntClust9: 67(24)
e IntClust10: 96(30)

I
50

100 150
Months
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Tracking Cancer Evolution Through Therapy (Rx) (TRACERX)

Year1 Year2 Year3 Year4d Year5 Year6 Year7 Year8 Year9 I R A‘ E

tracerx.co.uk

ARTICLE

Phylogenetic ctDNA analysis depicts

d0i:10.1038/nature22364

Patient recruitment and

follow-up

Exome sequencing of multi-region tumour samples .
e [ | early-stage lung cancer evolution
g I Interim analyses: ITH and clinical outcome - End of study analysis I Alist of authors and their affiliations appears in the online version of the paper.
E | Exome sequencing of metastatic biopsies |
! I Mm: mﬂm.w “ lm RESEARCH ARTICLE CANCER
f [Analyses of evolutionary dynamics | Clonal status of actionable driver events and the timing
2 [cONAmmgCTCsamplocotechonfrbenans il b
% é Nicholas McGranahan'%", Francesco Favero’, Elza C. de Bruin*, Nicolai Juul Birkbak'~", Zoltan Szallasi®* and Charles S..
3 3 Science Translational Medicine 15 Apr 2015:
g = Vol. 7, Issue 283, pp. 283ras4

%§
((((ii%” Copyright Cambridge Cancer Genomics, Inc. 2020



Modelling tumour evolution from longitudinal data
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What should we present to clinicians?

The tumours evolutionary

history

5

Sigl oS
{unknown) Unclassified

gnature 1A @ Sig 2/13 W Sig 4
Evolution and — T Ty
metastasis o ™" __ bone relapse :\l/
L 10- B
:~: CTx 239d
< 1.0-
> Tl A
Colours = e | .
. i) 0.1 5;";'.',‘,;_
treatment regimen &
g A
< 0.01- A
o« 0 © o o
wn < ™ (o]
- (qY] (9]
Days since surgery

Late

Granular info CNA/SNV

associated with drugs
and/or clinical trials?

Clinical timelines

Mutations Copy-Number Events

WT1 /2 SOX2 (3q) I 0/14
PTEN M—/3  PIKICA (3q) mm— /13

CHEBBP- 072
TP53 W— 2/ 17 LR (Sp —1/6

NOTCH ] m— )
49- lzm

Mvmhndm -is

— /9
‘ lla- -)/1)
-

Mutations
RASA] B 2/5 HOOK3

PLXNG2 W2 3 FIPIL1 (4q
NCOAG WS 2/3  BCLIIA (2p) N2 /3

1/; COXN2A (9p) Wu—2 /3
/

CHLE W—— 72 10q M— /14
UBRS I 4 Lp - — /10
quI—7

q -

U —

CNA/SNV
associated with
drugs and/or clinical
trials?

What mutational
processes caused
this cancer? Eg
smoking?

The second stage of
this tumours
evolution

What can we
predict about the
future?

Copyright Cambridge Cancer
Genomics, Inc. 2020
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How we are thinking about data presentation in VAF Tracker

Clinical info at a glance

Mutations tiered based on
Importance

VAF plot (with minimal

noise filtering)

>

—»

)
9

N\

Z

Last tested: 2014-03-19

Colorectal Cancer PX1 Male 1957-01-01 667

Tumor Response & Treatment Map

Tier 1 v

~
ks NRAS SNVG A 1115256603 ) { MSH3 SNVAT S 80064705 } .f APC SNVACS 112176575 ) /
. .

( BRAF SNVAT 7 140426198 ) C ATM SNV T C 11 108173615 )

( rcereaswvTGsessases )

PALB2 SNV G T 16 23641277
ATM SNV CA 11 108142022

years

J Copyright Cambridge Cancer Genomics, Inc. 2020

Each individual mutation

can be isolated for further
info

Dominant mutation
present in most of tumour
cells

Subclonal mutations not
very prevelant in tumour

but still potentially
important (e.g. drug
resistance alleles




How we are thinking about data presentation in VAF Tracker

Simple dropdowns to
avoid page clutter with
lots of genomic info

Matches genomic info
and clinical records with
e.g. ClinicalTrials.gov and

MolMatch

High level summary for

clinicians info

)

=3

=

a )
J)

)

\y

Insights for Selected Gene

EGFR v

GENOMIC FINDINGS

EGFR - epidermal growth factor receptor

POTENTIAL CLINICAL TRIALS

Study of Encorafenib + Cetuximab Plus or Minus Binimetinib vs.
Irinotecan/Cetuximab or Infusional 5-Fluorouracil (5-FU)/Folinic Acid
(FA)/Irinotecan (FOLFIRI)/Cetuximab With a Safety Lead-in of Encorafenib
+ Binimetinib + Cetuximab in Patients With BRAF V600E-mutant
Metastatic Colorectal Cancer

Summary Eligibility Locations

Study of Dabrafenib+Trametinib in the Adjuvant Treatment of Stage IIl
BRAF V600+ Melanoma After Complete Resection to Evaluate the Impact
on Pyrexia Related Outcomes

Summary Eligibility Locations

W
J)
\ é}}}/

\\
S

y’y/})

NCT02928224
| Request details )
o e
NCT03551626
l\ Request details

J Copyright Cambridge Cancer Genomics, Inc. 2020

Much more granular data
Is only ever one click away

Simple process to make
requests to recruiting
centres

Simple trial enquiry and

visual representation of
scale of trial (phase)




How we are thinking about data presentation in VAF Tracker

Soft language and — .
guidance only —

Matches genomic info and
clinical records with

A

Vemurafenib
Brand: Zelboral

Indications & Usage Mechanism of Action

A level of confidence to
aid in clinical decision Dabrafenib

Brand: Tafinlar

-
Process indkatons Usaga  Mechaim ot cin

Trametinib
Brand: Mekinist

Indications & Usage Mechanism of Action

curated databases of
approved drugs

Links to more

adenomatous polyposis of the colon gene

. i ven [51® Promotes \ o
papers/studies APC “.‘

»

. Function summary ( . m !
repressor of the Wnt signalling pathway, part of beta-catenin
destruction complex [Pubmed] ¥ \' <4

Suppresses

Granular info pulled from
COSMIC AP

e 4 Copyright Cambridge Cancer Genomics, Inc. 2020



