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Omics for precision oncology — overview (l)
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2. Molecular profiling —
genomics & transcriptomics

lllustration adapted from Senft et al., Trends Mol Med, 2017
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Omics for precision oncology — overview (ll)
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» Oncogene/tumor suppressor gene mutations 3. Measures to inform
» Oncogene activity
» Cell type composition status
« Tumor heterogeneity/clonality estimation
» Tissue-of-origin prediction
» Contribution of mutational signatures
» Microsatellite instability status
 BRCAness status
* Mutational burden
» Clinical trial matcher

precision therapy
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Omics for precision oncology — overview (ll)

Bioinformatics: Robust sequencing
pipelines

2. Molecular profiling —
genomics & transcriptomics
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° : 3. Measures to inform

precision therapy
Bioinformatics: Translation of molecular

profiling data

PCGR

c\ Oslo
University Hospital

Norwegian Radium Hospital

UiO ¢ University of Oslo




Personal Cancer Genome Reporter
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Nakken et al. (accepted, Bioinformatics)

e Whatis it?

o Technical architecture

= Knowledge resources

o Input data

o Output data
o Future plans

(PCGR)
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PCGR: architecture
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e Stand-alone software workflow
e Freely available, open source

e Built using Docker technology

e Users need to download

o The software (Docker image and script to run)

*docker

o Data bundle

=  contains up-to-date datasets for functional annotation

https://github.com/sigven/pcgr
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PCGR: knowledge resources
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PCGR input: DNA variation types
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lllustration from Meyerson et al. Nat Rev Genet 2010
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PCGR input: tumor-normal vs. tumor-only

Tumour
material

Matched
normal
(blood)

l DNA isolation
©

—

Tumour DNA Normal DNA

* Variant calling
*  Somatic variants
* Most robust/precise approach

Tumour
material

= Matched
normal
(blood)

l DNA isolation

—
Tumour DNA\@

Sequencing l

* Variant calling
*  Somatic variants
*  Germline variants
* Enrichment of somatic events by exclusion of known
germline variants
* gnomAD, 1000 Genome Project etc.
* Challenges:
1. Eachindividual is estimated to carry an extensive set of
rare variants (i.e. singletons)
2. Ethnic subpopulations are under-represented in public
germline variant databases
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PCGR: output

o . Annotation sources Global variant browser
o Interactive, tiered-structured
Summary statistics NOTE 1: The filtering applies to this table only, and not to the tier-specific tabies below.
g e n O m e re p 0 rt Tumor mutational burden (TMB) NOTE 2: Filtering on sequencing depth/allelic fraction depends on input specified by user (VCF INFO tags).

Tier statistics

Global distribution - allelic support Tier Consequence

= Adoptin d
pting propose

diagnosis, prognosis, predisposition, Sequencing depth tumor Call confidence
and drug response ) [0

recommendations/ e |

hotspots, curated mutations, or

predicted driver mutations Allelic fraction tumor

nomenclature (oncology) eoeceen || B =

proto-oncogenes or tumor
suppressor genes

Exce Search

n L' k t d I . Tier 4 - Other coding mutations ‘ cav

I n S o u n e r yl n g S O u rc e S i SYMBOL CONSEQUENCE PROTEIN_CHANGE VARIANT CLASS TIER

. . . . Somatic CNA analysis -
( b I O m ed ICa I I Ite rat u re t r I a IS ! status 1 PIK3CA missense_variant p.His1047Ag SN TIER 1
’ Mutational signatures ©2 s missense_variant pai272Met sy TIER 2
t ) References 3 ABL2 missense_variant pASD22TTyr SN TIER2
e C ° ©4 cap missense_variant pMet75lle sy TIER 2
. ©s Asxu missense_variant pPrO1331GIN SN TIER 3
o Interprets SNVs/InDels/CNAs in B¢ wesw  mummas oo
. ©7 FA4 missense_variant p.Serd814Cys s TIER3
the context of known actionable ©0 v mmoveswwn  poettio
©s9 aucvc missense_variant p.AGS02Lys s TIER3

.
Va rl a nts © 10 AR missense_variant p.Ala2575Val SNV TIER 3

Showing 110 10 of 194 entries Previous ‘ 1 ‘ 2 3 4 5 20 Next

o Mutational burden

Tier 1 - Genomic biomarkers for diagnosis, prognosis, predisposition,

o Infers contribution of known and drug response

- Atotal of 1 unique, somatic variant(s) in the tumor sample can be mapped to genomic biomarkers in the database for
clinical interpretations of variants in cancer, CIVIC or Cancer bioMarkers database, with the following number of evidence

mutational s Ignatures " e 1 - Prdive: 20 avidorc oms ke 1 g sentiyosisance

o Tier 1 - Prognostic: 1 evidence items linked o prognosis
o Tier 1 - Diagnostic: 0 evidence items linked to diagnosis
o Tier 1 - Pregisposing: 0 evidence items linked to predisposition

o Microsatellite stability predictor

S u p p O rts t u m o r o n |y r u n S Predictive biomarkers ~ Prognostic biomarkers  Diagnostic biomarkers  Predisposition biomarkers
Cancer type Biomarker mapping
Clinical significance Therapeutic context
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PCGR output: mutational burden

e Genomic biomarker — -
for immunotherapy ; == - =
response

e Provided by user

o Target size

e (Calculates number of
mutations pr. Mb in —

e For samples with high “ﬁ"‘g == "
underlying TMB, _Zﬁ% Egg |
sequencing targeted e ;
panels is sufficient e R—
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PCGR output: tier structure
e SNVs/InDels

o Tier 1: Actionable variants

o Tier 2: Mutational hotspots, predicted driver mutations, or
known disease-causing mutations

o Tier 3: Other cancer gene mutations
o Tier 4: Other coding mutations
o Tier 5: Non-coding mutations

e CNAs

o Amplifications and homozygous deletions (as defined by
the user)

o Biomarkers and drug targets

@@ UiO ¢ University of Oslo

Norwegian Radium Hospital



PCGR output: clinical evidence items

e Each actionable variant associated
with one or more evidence item

e A piece of information that has
been manually curated from
trustable medical literature about
a variant or genomic 'event' that
has implications in cancer
predisposition, diagnosis (aka
molecular classification),
prognosis, or predictive response
to therapy

Therapeutic context

Evidence level

Tumor type

O O O O

Evidence type (Prognostic,
Predictive etc.)

o Etc.

Copy number aberrations as biomarkers for prognosis, diagnosis,
predisposition, and drug response

A total of 1 aberrations are associated with clinical evidence items in the database for clinical interpretations of variants in cancer,
CIViC, with the following number of evidence items:

« Predictive: 51 evidence items linked to drug sensitivity/resistance
« Prognostic: 1 evidence items

« Diagnostic: 0 evidence items

« Predisposing: 0 evidence items

Predictive biomarkers Prognostic biomarkers Diagnostic biomarkers Predisposition biomarkers

Cancer type Therapeutic context

Breast Cancer Cetuximab Trastuzumab

Clinical significance Log-ratio

1.78
Sensitivity

Evidence level

The table below lists all variant-evidence item associations:

Search:

csv Excel
GENE CANCER_TYPE CNA_TYPE EVIDENCE_LEVEL CLINICAL_SIGNIFICANCE
o 1 ERBB2 Breast Cancer gain _ Sensitivity
© 35 ERBB2 Breast Cancer gain B: Clinical evidence Sensitivity
© 36 ERBB2 Breast Cancer gain B: Clinical evidence Sensitivity
Showing 1 to 3 of 3 entries (filtered from 51 total entries) Previous 1 Next
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PCGR output: Microsatellite instability status

Prediction of MSI from
SNV/InDel distribution

©)

A statistical classifier trained
using ~1500 samples with
known MSI status assayed
from mononucleotide
markers

MSI.H vs. MSS
Discriminatory features

®»  Fraction of indels

® Fraction of indels in repeat
sequences

= Loss-of-function mutations in
MMR genes

Sensitivity: 0.90
Specificity: 0.997

« Predicted MSI status for tumor_sample.COAD: MSI.H (Microsatellite instability - high)

Supporting evidence I: indel fraction among somatic calls

The plot below illustrates the fraction of indels among all calls in tumor_sample.COAD (black dashed line) along with the

distribution of indel fractions for TCGA samples (colorectal, endometrial, ovarian, stomach) with known MSI status assayed from

mononucleotide markers ( MSI.H = high microsatellite instability, MSS = microsatellite stable):
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Supporting evidence II: coding mutations in MSI-associated genes

Search:

csv Excel
GENE  CONSEQUENCE  PROTEIN_CHANGE GENE_NAME VARIANT_CLASS
©'1 pms2  splice_donor variant AL e i EaEies SNV
repair system component
9% pms2  missensevariant  p.Gu76Val PMS1 homolog 2, mismatch SNV
repair system component
©'3 POLE  frameshiftvariant  p.ys1170AsnisTersg  DIVAPOlymerase epsion, deletion
catalytic subunit
©' 4 POLDI  frameshift variant  p.Arg180GlyfsTer DNA polymerase delta 1, deletion

catalytic subunit
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PCGR output: mutational sighatures

o Mutational signatures - the pattern of somatic

mutations imprinted by the activity of a mutational
process

o What is meant by “pattern”?

= Distinct distribution of context-dependent
mutations
C>A

C>G T>A

0% _,
Signature 1
15%

o PCGR —reports contribution of known mutational

signatures in a single tumor

o Emerging evidence for clinical relevance of specific

signatures
= BRCAness

MetAA526M1

Signature.6

Signature.1

unknown

Signature. 15

Detected mutational signatures - proposed underlying aetiologies

‘ csv || Excel
Signature_ID ‘Weight Cancer_types Proposed_aetiology Comments
17 1
© mo:fzzfr:nf::?n' Associated with 86 is one of four mutational
colorectal and defective DNA mismatch  signatures associated with
1 S6 0.619 . repair and is found in defective DNA mismatch repair
uterine cancers 5 . o 5
(usually in < 3% of microsatellite unstable and is often found in the same
tumours samples as S15, S20, S26
samples)
© Endogenous mutational
process initiated by
spontaneous
1 . |
2 s 0.288  All cancer types deamination of 5-
methylcytosine,
correlates with aging.
(+) $15 is one of four mutational
:::Z:[:a(::::m Associated with signatures associated with
3 815 0.083 . defective DNA mismatch  defective DNA mismatch repair
single small cell
s repair and is often found in the same
9 samples as S6, S20, S26
© 4 unknown 0.01

Showing 1 to 4 of 4 entries
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PCGR: future plans

e New functionality
o Add support for additional data-types (i.e. RNA-seq)

= Opens up possibilities for a whole new range of analyses
— Estimation of cell type composition (immune infiltration)
— Infer pathway activity
— ++

o Customize results according to the query tumor
e Flexibility

o Enable developers to contribute predictions/analysis
modules (plug-ins)

= Feedback from users/developers

o Customized report template

@ UiO ¢ University of Oslo




PCGR: possible sharing strategies

o Elixir )
o bio.tools registry EI’ nr PIOCONTAINERS

NORWAY

e A web portal for reproducible report generation
o WPCGR

o More accessible to users with non-computational
background

= Galaxy

PROJECT
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Thank you for your attention!

github.com/sigven/pcgr
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