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We will take a tour of:

AACR Project GENIE

NCI Genomic Data Commons

The Gabriela Miller Kids First Data Portal

dbGaP

The Human BioMolecular Atlas Program (HUBMARP)
Human Tumor Atlas Network (HTAN)

CIViC DB

MyCancerGenome

COSMIC

Childhood Cancer Data Catalog

1212025 By no means are these the only or even the most important ones!



Current sources of data

molecular genome pathology imaging labs notes Sensors
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Our ability to generate biomedical data
continues to grow in terms of variety and
volume
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Things to think about
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Many different metaphors for
building a data repository

Data wrangling — organizing,
formatting, harmonizing,
semantically annotating — is hard
work and different resources take
different approaches

fil

Many different methods for making
data FAIR (Findable, Accessible,
Interoperable, Reusable)

Usability is dependent on the use
case, the tools, the problem
domain



Design Considerations
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What is the right data resource to use?
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What is the question you
want to answer?

Do you have an analysis
plan and workflow
defined?
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Are you exploring how to
answer the problem or
ready to analyze?

Are your analysis tools
appropriate for the
resource you want to use?

Do you need to explore a
dataset to understand if
the data is available?
Does the resource support
the kind of exploration you
want to do?



What is the right data resource to use?

Does it have the right kind of data? (clinical trial data, SCRNA-seq, specific cell line,
disease area, model system)

What are the access policies? (unrestricted, controlled access)

Level of security required (none, limited, regulated [think HIPAA], very sensitive)

Ability to peruse the metadata?

Can you download the data?

If it is an enclave/closed ecosystem, what tools are supported?

Can you bring your own tools?




A useful catalog of data resources https://datacatalog.ccdi.cancer.gov
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Childhood Cancer Data Catalog: TCIA projects
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A short scenario




AACR Project GENIE cBioPortal resource
Start with Cohort 13.1 — data from 167,358 samples
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AACR Project GENIE cbioportal resource
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AACR Project GENIE cbioportal resource
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AACR Project GENIE cbioportal resource

T Gene
COKN2A
CDKN2B
MTAP
NKX2-1
EGFR
MDM2
TRIP13
TERY
MYC
FOXAY
NFKEBIA

Saarch

5/24/2023

ess T Lt

TOWE Gt T3 1 e
TR U e

PR , [y

e e e

CNA Ganms (14500 profted sampins) x =
Cytoband  CNA " Froq ~

8p21.a HOMDEL 1501  10.0%
fp213 HOMDEL 1399 9.5%
8p21.3 HOMDEL an 16%
144133 AMP 773 53%
P12 AMP 738 49%
12915 AMP 723 498%
5p1533 AMP 80 48%
Sp14.33 AMP 503 4%
824,21 AMP 633 4.3%
14q21.1 AMP 478 4.0%
149132 AMP 532 37%

o ———

LRPB

ZFH¥a
SPTAY
KEAPT
NAVS
STKN
COL7TAY
FATZ

S - MRS L L S ——— S A

Mutated Gones (24110 profiled samples)

& Mut
12,673
6,694
1,275
6,594
189
813
2,404
100
2,790

133

]

11,743
6,808
28
5,254
122
a7s
2310
83
2,660
kb
e

49.8%
27.4%
23.6%
21.7%
20.4%
15.1%
13.2%
12.8%
11.6%
10.6%
10.4%

o

https://genie.cbioportal.org

curc

Lung
Adenomacarcinoma
18,430 cases

Svuctural Voriast Genes (16897 profied samples) X =

sV v Freq >
4 4 26.7‘)'

8 3 20,00

255 253 14.7%

2 2 13.3%

2 2 13.3%

2 2 13.3%

2 20 9,29

136 136 7.6%

1 1 §.7%

1 1 6.7%

1 1 8.7%



AACR Project GENIE cbioportal resource

‘Manhattan’ plot of mutations in TP53
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AACR PrOJect GENIE cBloPortaI resource
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cBioPortal makes plotting survival data easy — but not with
GENIE data! This plot is men vs women with bladder cancer
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Now we will explore the NCI Genomic Data Commons
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Genomic Data Commons
Lung cancer — 12,262 cases
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Genomic Data Commons

Lung cancer - 12,262 cases
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Genomic Data Commons ,
Genes view
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Genomic Data Commons TP53

Genes view
Notice the case numbers
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Genomic Data Commons TTN

Genes view -
Notice the case numbers
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Genomic Data Commons
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Genomic Data Commons
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Survival analysis out of the box

= The fact that mutations in all of those genes appears to convey a
survival advantage is puzzling and contradicts the simple longevity
curve we got from cBioPortal in GENIE

= Strange drop in survival at about 5 years

= Need a lot more analysis before believing the plot!
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Not a survival
analysis!

Looks like patients
with somatic TP53
mutations die
younger

Many potential
confounders!



Survival analysis out of the box

= The fact that mutations in all of those genes appears to convey a
survival advantage is puzzling and contradicts the simple longevity
curve we got from cBioPortal in GENIE

= There are multiple potential explanations

= TP53 mutations arise in younger patients and their survival with disease
Is longer (maybe?)

= There are one or more confounders in the TCGA data, such as a skew
toward late stage disease for patients with TP53 mutations (and the
other mutations as well!) (definitely!)

= Patients are from non-comparable cohorts (probably)

= Other confounders you can think of?
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Survival analysis out of the box

= These problems and having consistent data entry from all the cases is
why clinical trials are the standard for interpreting Progression Free
Survival and performing survival analysis

= This is a taste of some of the issues in interpreting real world data —
knowing that the cases and controls are balanced for known
confounders

= Knowing which questions are appropriate for a given dataset is critical

5/24/2023



Confounders




Background on TCGA and GENIE

= The Cancer Genome Atlas (TCGA) is a long running study of all
comers across many institutions, however specific institutions
contributed specimens and data predominantly from one disease site

= TCGA s biased toward larger tumors and stage 3
= TCGA was research sequencing, so not with therapeutic intent
= TCGA s primarily research whole exome sequencing

= GENIE is also an ‘all comers’ study. Sequence comes from a variety of
In house and commercial clinical sequencing platforms. Primarily
targeted sequencing. Based on perceived clinical benefit for the patient

5/24/2023



More on TCGA and GENIE

= Follow-up, therapeutic lines of treatment, PFS, recurrence are not
consistently captured

= Diagnosis and stage at specimen collection are fairly consistent
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Good questions for TCGA and GENIE

= Prevalence of mutations in a disease area
= Mutational frequency at time of diagnosis
= Mutational patterns at time of diagnosis

= Age at diagnosis
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Beyond TCGA and GENIE

multiple disease measures, tumor evolution, and more detailed biomarker

._I I_’ The next generation repository will need to carefully capture lines of therapy,
measurements like scRNAseq, proteomics, metabolomics, tumor microenvironment

Deep characterization of normal tissues, The Human BioMolecular Atlas Program
§ (HUBMAP) https://commonfund.nih.gov/hubmap. For cancer progression from

precancerous lesions through to advanced disease The Human Tumor Atlas
Network (HTAN) https://humantumoratlas.org HUBMAP and HTAN are laying the
foundation for the next stage of repositories

5/24/2023


https://commonfund.nih.gov/hubmap
https://humantumoratlas.org/

HUBMAP https://portal.hubmapconsortium.org
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https://portal.hubmapconsortium.org/

HuBMAP https://portal.hubmapconsortium.org

HUBMAP Datasets
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https://portal.hubmapconsortium.org/

HTAN https://humantumoratlas.org

HTAN EXPLORE ANALYSIS TOOLS MANUAL &£ ABOUT THE DATA ~ ABOUT HTAN « SUBMIT DATA « SUPPORT « NEWS -

Human Tumor Atlas Network

HTAN is a National Cancer Institute (NCI)-funded Cancer
MoonshotS™ initiative to construct 3-dimensional atlases of the
dynamic cellular, morpholcgical, and molecular features of
human cancers as they evolve from precancerous lesions to
advanced disease. (Cell Apnil 2020)

Explore latest Data Leam more about HTAN
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HTAN https://humantumoratias.org
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https://humantumoratlas.org/

Data Access

=
o
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For the example analyses, we used the public (open
access) tier of data from Project GENIE and TCGA.

For detailed sequence and clinical data you generally
need to have restricted access

For NIH studies, restricted access data requires
submitting a dbGaP access request
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dbGaP — Access to Kids First data
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An auxiliary way to look at dbGaP projects
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dbGaP and access to metadata

= With the exception of seeing the number of participants, things like
what types of experimental variables (targeted sequencing, whole
exome, whole genome, RNAsed, sScRNAseq, methylSeq, etc), clinical
variables (diagnosis, stage, treatments, adverse events), demographic
variables (age, race, ethnicity, urban vs rural,etc) are not available for
many projects until you have access to the full dataset.

= This makes it hard to identify which specific datasets you might be
Interested in
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To understand Kids First, go to it First!
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Working Together
to Put Kids First
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The Gabrielia Miller Kids First Data Resource Portal is now live and
available to the general publict

W
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Explore and Connect with Research Data Today!

The NiH Comman Fund-supported Gabriella Miller Kids First Data Resource Center enables researchers, clinicans, and patients 10 work
together to accelerate research and promate new dscovenes for children affected with cancer and structural birth defects. Data from aver

11,000 sarnples, including DNA and RNA, is avallable to empower your research today, Data collected from more than 30,000 samples are

https://kidsfirstdrc.org

expected to be avallahie in the next few years. Laam how to get started using the Data Resource Portal today!
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Some stats about Kids First, even before creating a login
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Explore and Connect with Research Data Today!
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Kids First login or sign up

33.4k 30.9% ; 199.2k 1.8P8

@ Kids First Data Resource Portal

Accelerating research and promoting new discoveries for children
affected with cancer and structural birth defects.

Dty froem over S8, 013 sam ey, NELEing Ataie genome seguencing (WGE ard ANA-Segeencing »

ondalte o emouwst ot ressersh todey

Tgn o

You can use an ORCID or a google account
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ou do have to accept the terms & conditions

Terms & Conditions

Terms & Conditions Last Updats Oste: 111322021

Ak ke ol 11 Survicses you agren Dty s 13 pears of agu o0 clder sod
NP o agroe 10 the Termm aod Condtions of Services defad haroin ood where
spleatin the tees thetiond by the MM Gecomic Data Vaer Coae ol Condect Thess

Serms incuge, But ek et biniied 3=

I8 COnRCIon with Ba
st b aach catasmt
wil e 0 At & & shazbual fraricigenty o grauss o
whom date matn cotioch o 1an that could Whos porticipanis’
pontities 10 by teadly
You wil not dhatsie J & ety 50 31ty wrtily o incieitusl ey
4 Data Accesy Reau
practices n compiances with N Secuity Res
lices for Sontrolec-Actman Dile such that wely wisod indfraduals poso
¢ o data Mes

013 1eiease I ACOCNIRNCO Wt the 1eoms n e Data
Use Crrtttoation, tewech of dats secenty, or o dats srensgement incdpnty

COOAry 30 1w Yerma of dali eccuss

Dwciie

5/24/2023



You can see the studies
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Drill down on the childhood
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Select Neuroblastoma — 1681 participants
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Quick visual breakdown, including survival analysis
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Looking at variants, more than 280 million of them!
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Select gene, then enter TP53
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Now we see the variants for TP53

& Gasroan

ot BEpmDaa  BYwdnl  SFRmRecoskary & Mamoens Bl Recources ¥ @ Wirres v

Variants Exploration o

Beaieh by dovm

Vettam
hss
* Varant Quanes
Boana al
Oone tyge
Pathegerseity Ghms Sprbel m 551 K > *u on
frequency
Ialie Cedig eV
Ocowrrence Nonsense Medated 4 L
Decay
Retained iatroe 2z Shawing 1 - 20 cut ol 3,453
Seran o »u
Vartarn Tyew dbSen Conseguences CLMVAR Shties Pl fres
Proceswed Transcrgt i
i1 0IR0 0N G L sITRIAI7AR a splica_darar_aane TPRJ - 1] LY 7.3
11030 4
wil AL
Sl L SR 25 dawtin o st INS3 yasrx - i 3 273
Guse External Reforsnce 100 <
CosaC Ny 0323879530 A oo, gcos TPEI LIBE b
s AP tone chel ZATIGTII e St & frerwess_sarant TES) L3AXX 1 78I S7e
tetrnccurtical sesroms LAY 10
Breset Ri% ) 2 PEAY4260T SN pI0INI0IBE1 e ek scoata_veare 1953 ! 1 80k
Ghoma Jem M s
Multge o Lo Al PR Re R Tr SN e 1d delation ' — & splica_dawor_sarisre  TPEJ . R 17 207
tries 11630 §
Swcome AR
el La N dewtm & fremestE_cnart  [RS3 P27AX I 1 207

5/24/2023



Now select for pathogenic variants — 6 of them
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Add likely pathogenic — now we have 8 variants
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TP53 is not druggable: Lets look at something clinically actionable

We are now going to start looking at EGFR.

EGFR T790M is a common resistance mutation for patients with
NSLC getting Tyrosine Kinase Inhibitors (TKIs) like gefitinib and
erlotinib, which are small molecule targeted therapies.
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Cllnvar m National Library of Medicine

National Canter for Bictachnoogy Informaton

-
Cl' I'Iva l’ Genomic variation as It refates to human health ' Search ClinVar 0

Advanced search

About Access Submit Stats FTP Help Were new search queries using jocation, c-dot, and p-dot helpful? & "%

BT e S Print & Download

NM_005228.5(EGFR):c.2369C>T (p.Thr790Met) Cite this record

o
Interpretation: drug response
Review status: 7 reviewed by oxpart panel
Submisslons: 13
First in ClinVar: Jan 31, 2015
Most recent Submission: Feb 7, 2023
Last evaluated: Mar 24, 2021
Accession: VCVO00016613.24
Variation ID: 16613
g single nucleotide variant
Variant details e
- NM_005228.5(EGFR):c.2369C>T (p.Thr790Met)
Conditions Allele ID: 31652
Variant type: single nucleotide variant
Gene(s) Variant length: 1bp
Cytogenetic location: Tp112
Genomic location: 7:55181378 (GRCh38) GRCh38 UCSC
7: 55249071 (GRCh37) GRCh37 UCSC
HGVS: | Nucleotide : | Molecular |
| | Proteln | consequence |
| NNM_005228 5:0.2359C-7 QINEEIGEERO | NP_0D05219.2:p. Thr790Met | missense |
|_NM_001346897 2:c.2234C>T | NP_001333826.1:p Thr745Met | missense |
NM_D01346898.2:c.2369C>T NP_001333827.1:p Thr790Met | missense
more HGVS

Protein change: T790M, T745M, T523M, T737M



ClinVar

Other names;
Canonical SPDI: &

Glabal minor allele
frequency (GMAF):
Allele frequency:

T790M, T745M, T523M, T737M
NP_005219.2:p. Thi790Met
NC_000007,14:55181377.CT

The Genome Aggregation Database (gromAD) 0.00006
The Genome Aggregation Database (gnomAD) 0.00010

The Genome Aggregation Database (gnomAD), exames 0.00003

Trans-0mics for Precision Medicine (TOPMed) 0.00003
Exome Aggregation Consortium (ExAC) 0.00004
Trans-Omics for Precision Medicine (TOPMed) 0.00002
PharmGKB Clinical Annotation: 981475450

dbSNP: ra121434569

ClinGen: CA090928

Genatic Testing Registry (GTR): GTRO00575663
UniProtKB: POOSIINVAR_ 026098

OMIM: 131550.0006

Hard to interpret!

VarSome
Submitted interpretations and evidence
(Last evaluated) (Assertion orteria) (inbecitance)
drug & reviewed by expen panel gefitinib response - PharmGKB Publications:  Pubaied (15) |-C |
(Mar 24, 2021) {Phar = krowlecge for Efficacy Accession: SCV002031219.1 Other
pessanalized medione) Drug used for Carcinoma, First in ChnVar- Dec 12, 2021 databases
Mathod: curation mm&-& Lung. and lé:‘nm Dec 12.202) PRI W phaTTgh s egvariant.
Affected siatus, yes Drug # N0l necessariy wed 10 treat m ApRIIGN dr/ctich
Alizle ocgin: oe PhaemGKE Leved of Evidence 28.
Variants in Level 28 cinical annotations
are not in PharmGKa's Tier 1 VIPs. These
chnica annotations describe varian drug
cambinations with _ (Imore}
drugresponse  reviewed by expert panel erotinib response - PharmGKB Publications: PubiMed (11) [» |
(Mar24,2021) (P 9 [ ‘) fodge foe Efficacy xw&wscvomgtg : Other —
personeiped madicne Drug used for L ' Mey 1 databases
Method: curstion Adsrocarcinoma , o uum Dec 12,2021 M!ne-/n‘aww«phalmmb.nmnnum.
mm.‘“m“& M“""‘s‘“ﬂ and WC: etk .' "m"‘ necessarfly used 10 freat Pripaitwww. pharmgid. oog/clinica .
Necplasms eRDONLE CONGARE Comment i )
PharmGKB Laved of Evidence 28

Viarkanes in Level 28 cinical annotations
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The COSMIC Database

https://cancer.sanger.ac.uk/cosmic

Very different purpose — it is to catalog somatic mutations
associated with cancer


https://cancer.sanger.ac.uk/cosmic

The COSMIC Database
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https://cancer.sanger.ac.uk/cosmic

COSMIC resistance mutations

e COSMIC

Drug Resistonce

COSMIC ras started to annctate mutations idented In the Iterature a5 resistance mutations, Incuding those conferring scquired resistance (after trestment) and trinsic resistance (before trostment), This Is 8 work In progress which we
M Lo expand, WCLLing the curdtion of 2 or more drug traxments and responses.

Resistance to targeted drug treatment cocurs i Some patients fllowing an Intial drug respanse. This can De Coused Dy the development of reSstance Mutations, Such 25 thase in the drug target preventing drug Binding. Acquived resistanc
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omerpence of the dominant resistant done, Screening patients for mutations at tumour recurrence identifies these new mutations wihich were not present {at detectable levels) in the primary pre-treatment tumour. Functional studies may
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https://cancer.sanger.ac.uk/cosmic/drug_resistance

COSMIC resistance mutations

G Drug resistance
ene
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COSMIC view of mutations in and around EGFR
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COSMIIC view of mutations around EGFR
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COSMIC view of EGFR
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EGFR in MyCancerGenome
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4 5. 0 MY CANCER GENOME .

Chlinical Trials Di; BI rh Drugs
." " GENETICALLY INTORMD CANCEN MEDNCINE
Results for EGFR (1901)
Show results for Biomarkers (259)
o Biomarkens (259)
« Diseases (66) EGFR EGFR L8SER

« Drugs (278)
o Clnica Trials (1295)
o Pagrwnys {3)
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Drugs: &
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Drugs: &

EGFR Exon 19 Deletion

Atteration Groups: EGFR Activating Muta .
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Clinicad Trials: 191
Drugs: 5

Altaration Groups: EGFR Actvating Musa

Diseases: Noo-Small Col Lung Carcinom. .

Clinicad Trials: 198
Drugs: B

EGFR S7e8t
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Drugs: 8
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Clinical Trials: €0
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EGFR in MyCancerGenome

Biomarkers / EGFR
4 Back to Biomarkers List Overview
> Associated Genetic Location [1] p11.2
Blomarkers Pathway Receptor tyrosine kinase/growth factor signaling
> Associated Diseases Protein [2] Epidermal growth factor receptor
Synonyms [1] mENA, HER1, NISBDZ, ERBB, ERBB1, PIG61

> Associated Pathways

EGFR (epidermal growth factor receptor, also known as ERBB1 and HER1) is a gene that encodes for the epidermal
growth factor receptor protein. Missense mutations, deletions, and insertions are observed in cancers such as lung cancer
and glioblastoma. Activating EGFR mutations increase the kinase activity of EGFR, leading to hyperactivation of
downstream pro-survival signaling pathways (PMID: 15284455).

EGFR is altered in 6.83% of all cancers with lung adenocarcinoma, conventional glioblastoma multiforme, glioblastoma,
breast invasive ductal carcinoma, and colon adenocarcinoma having the greatest prevalence of alterations [3].

EGFR GENIE Cases - Top Diseases
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.~ % MY CANCER GENOME.
."“ CANTTICALLY INFORMELD CANCES METACING
Drugs (101)

Clinical Trials

Drugs in MyCancerGenome — selecting TKls

Bi rars Drugs Pathways
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Search by

Retfine by
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gefitinib in MyCancerGenome

., . . N
i« MY CANCER GENOME. Cinical Trials Diseases Biomarkers Drugs
" " UUNE TREALLY INFOS SR LAMIe M on
Drug gefitinib
4 Back 10 Drugs Uist Overview
Associated Genetic A et
Biomarkers Trvds Namey Iressy
Assoclated Diseases N . on (1 An aninoqunazoine wits andnoopiastc actvity. Gefiinid intitsts the catalytio activity of

What about exclusion biomarkers like
EGFR T790M?

numencus tyrosineg kinases nauding the epidermal growth facior r phor (EGFR), which
iy resull in inhibon of rosine kinase-dependent tlumor gromth. Specifically, his agent
camnpidis with tha tindng of ATP 50 the tyroalos ko dgomin of EGFR, thersby
Inbiteting recapior autoptosphontaton and resuling in intshtion of sigral ranssuction
Gafrink may also nduce cel cycle amest and nhbk angogenesis. (NCID4)

Biomarker-Directed Therapies

Geltinth can be uzed in e tmasnont of non-small call lung carcnoma. EGFR, EGFR AYES_YT8AnsFOLA, o EGFR
Exon 10 Dolebon are tha mast Treguant tomanes ndusion oiiria for uss of geflinb (2]

Non-Small Cell Lung Carcinoma +

- Clinical Trials ol T

Goltinit Fas been immsbigaied in 23 dickcal inas, of whch 20 are open and 3 ar dased. OF the rasls nvessgaing
gefitny, 2 are phase 1 (1 cpen). 1 & prase tphase 2 |1 opan), 14 are phase 2 (12 opan), and 6 are phase 3 (8 cpen)

EGFR LASER. EGFR Exon 19 Deleton, and EGFR LBE1Q are the most frequent biomarkar incumon crimna or geltinh
cnicd triais

Hon-small cell hurg carcnoma, kg sdenocartnoma, and malignank solid tumce are the most comemen desases being
nwsigated n galind cinical Yak [2)



Going back to the NCl Genomic Data Commons

https://portal.gdc.cancer.qov
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https://portal.gdc.cancer.gov/
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Look for EGFR
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Look for EGFR
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CIViICDB -EGFR T790M

WOVIC -

& EGFR T760M

Mutation effect in

the description is myubeee , " ,

clear SRR o
Mutation effect on . 3 ‘e
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CIViC DB —erlotinib
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Mutation effect on
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5/24/2023

Many different metaphors for
building a data repository

Data wrangling — organizing,
formatting, harmonizing,
semantically annotating —is hard
work and different resources take
different approaches

fil

Many different methods for
making data FAIR (Findable,
Accessible, Interoperable,
Reusable)

Usability is dependent on the use
case, the tools, the problem
domain



What is the right data resource to use?

5/24/2023

What is the question you
want to answer?

Do you have an analysis plan
and workflow defined?

;\3

Are you exploring how to
answer the problem or ready
to analyze?

Are your analysis tools
appropriate for the resource
you want to use?

Do you need to explore a
dataset to understand if the
data is available? Does the
resource support the kind of
exploration you want to do?



What is the right data resource to use?

Does it have the right kind of data? (clinical trial data, scRNA-seq, specific cell line, disease
area, model system)

What are the access policies? (unrestricted, controlled access)

Level of security required (none, limited, regulated [think HIPAA], very sensitive)

Ability to peruse the metadata?

Can you download the data?

If it is an enclave/closed ecosystem, what tools are supported?

Can you bring your own tools?




There are many resources out there to use

Just ask yourself a few pertinent questions as you use them!



Thank you!




Questions?
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What is Real World Data?

Collected in the Hospital i“y

context of patient

care. Real World saciaimedis @) )

Data was called
out as part of the

215t Century Cures Mortality '!"’) fl ansr
Act : \| :
Lab/Biometers ' ‘)

Pharmaceutical 20)

Y
"), Pharmacy

% ~ Claims Database

’ﬁ‘ S 1 . Electronic Health Record

* ’ Disease Registries

" Consumer

215t Century Cures Act: https://www.fda.gov/regulatory-information/selected-amendments-fdc-act/21st-century-cures-act

Graphic from HealthCatalyst: https://www.healthcatalyst.com/insights/real-world-data-chief-driver-drug-development
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