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BIG Data & Precision Medicine

©

Prognostic Markers .. |
Markers predictive of drug (..«
sensitivity/resistance = h_

#

Markers predictive of ¢
adverse events

Adapted from https://pct.mdanderson.org/#/
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2 Pediatric Cancer Genome Project (PCGP)
it 2010-2013

Leukemia Solid Tumors Brain Tumors
12 Subtypes 7 Subtypes 5 Subtypes

700 Tumor/Normal WGS Pairs

1500 WES & 1000 RNA-seq
>2,000,000 lesions verified

35 High-Impact Published Studies on
Pediatric Cancer Driver Genes

D ivcing cures. saving children.




2 Pan-cancer Study of NCI TARGET

St.Jude Children’s
Research Hospital

B Altmetric: 403 More detail »

Letter | OPEN

Pan-cancer genome and transcriptome
analyses of 1,699 paediatric leukaemias
and solid tumours

Daniela S. Gerhard oo e L) e
Stephen P. Hunger (ALL)

Soheil Meshinchi (AML)

John M. Maris (Neuroblastoma)
Elizabeth J. PerIman (Wilms Tumor)
Ching C. Lau (Osterosarcoma)

Paul S. Meltzer (Osterosarcoma)
TARGET Analysis Working Group (TAWG)

ER _ B Altmetric: 257 More detail »

Article | OPEM
The landscape of genomic alterations
across childhood cancers

Susanne M. Grobner, Barbara C. Worst [...] Stefan M. Pfister =

D ivcing cures. saving children.




2 Pan-cancer Analysis of WGS, WES and RNA-seq of
I 1,699 Patient Samples
B—ALLiGSQi T-ALL(267) AIVILi210i NBLiS’IGi W%‘E))
was(654) I I I H 1

RNA(934) I | 1 N I
WEsS(1131) i - ! | |

g i Of the 142 statistically significant driver genes:

variants * 78 (55%) absent in three adult pan-cancer studies

 Kandoth et al Nature (2013)
* Lawrence et al Nature (2013)
o Zack et al Nature Genetics (2013)

* 62% are SVs, CNVs

# COding SNV Indel

- _ N=9,297 N=1,000 N=8,382 N=3,265 N=1,501
. MN=19152 N=1,605 4 4 ’ ’ ’
variants=44,302

\ ]

. L T . 82 additional
142 driver Statistical analysis Pathogenicity . .
= . > ' == driver genes with
genes (MutSigCV, GRIN) classification .
P/LP variants
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L Biological Processes Altered in Pediatric Cancer

Research Hospital

OOCCOOLODOOEOC@@O@OOAOOOEOE@EOIDIDD

OO

_BAL B Avi B el B wr B 0s

Transcription 87.7% 71.4% 60.4% 0.7% 24.7% 5.3% «
: Cell cycle 82.5% 53.0% 9.6% 20.6% 17.3% 94.7%

Proportion of ‘Epigenetics 53.7% 38.7% 34.0% 17.6% 12.3% 47.4% «
Genes Unique to NOTCH 78.4% 1.8%
Pediatric Cancer 'RAS 10 13.1% 30.0% 28.4% 4.4% 3.7% 10.5%

JAK-STAT 20.2% 22.6% 9.1%

) [Tyrosine kinase 11.2% 10.1% 20.8% 14.0% 1.2%

Proportion of MYC 16.1% 3.7% 4.1% 27.2% 13.6% 5.3%
Genes Shared [PI3K 28.0% 2.3% 1.0% 0.7% 2.5% 31.6%
with Adult Cancer | [Ubiquitin 19.4% 9.7% 0.5%

Ribosome 12.7% 0.5%

Cohesin 2.2% 4.2% 3.0% 3.7% 2.5% 10.5%

Splicing 2.2% 0.5% 3.0% 1.2%

| DNA recombination 6.5%

Wnt 13.6%

RNA processing 2.2% 0.9% 1.0%

miRNA 12.3%

G protein 1.5% 0.9% 0.5% 1.2%

Metabolic 0.4% 0.5% 3.0%

'DNA repair 2.8% 1.5%

MAPK 0.4% 0.5% 1.2%

D ivcing cures. saving children.



r"\ Mutational Signatures of Pediatric Cancers

Research Hospital

B-ALL I D
T-ALL I
Ty T T
NEL [ I o N
W s N S
os I I

I
0 20 40 60 80 100
Percentage of all somatic mutations

H T 1 (age; COSMIC S-1)
-2 (APOBEC; COSMIC S-2)
| T 3 (HR deficiency; COSMIC S-3)
N T- 4 (age; COSMIC S-5)
-5 (UV light; COSMIC S-7)
H T 6 (unknown; COSMIC S-8) Ludmil Alexandrov

10
= List of samples with UV signatures
s 0.8
% USI Gender Race AgeatDx  ALL subtype
5 06 - PAPLDL Female Hispanic 7 IAMP21
= PASFTL Female Caucasian 4 Hyperdiploid
E 0.4 PAPIJM Male  Caucasian 11 Hyperdiploid
E PAPDUF Male Caucasian 3 Hyperdiploid
g %47 L] PAPNMY Male Caucasian 14 IAMP21
00 I ] .I-I CAAABF Male Caucasian® 3 Hypodiploid
' E § g E - - % E PANXDR  Male Caucajtsian* 3 HyperdTpIon
R < E Z é - PAPDWT Female Asian 6 Hyperdiploid
£aa IESEL *: inferred from genomics data

D ivcing cures. saving children.
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St.Jude Children’s
Research Hospital

Drug Resistant Mutations in
Relapsed Pediatric Acute Lymphoblastic Leukemia

A collaboration with Shanghai Children’s
Medical Center (SCMC)

D ivcing cures. saving children.



¥ Al Relapsed Acute Lymphoblastic Leukemia (ALL)

St.Jude Children’s

Research Hospital | Li, Brady et al, Blood 2020

» 103 patients with very early, early and late relapse were analyzed by WGS
and RNA-seq of diagnosis (D)-relapse (R)-germline trio

» Relapse-specific mutations enriched in 12-genes known to be involved in
drug response

Very P=79x10° P=001
early Early Late Very early Early Late
2.00+ (n=24) (n=57) (n=22)
NR3C1/2
175 gluco CREBBP
? 1504 treatment corticoids O
e - end WHSC1 [l
= —
o 1.25 . multiple TP53 Il
< 1.004
=3 NT5C2
o 0.754 thiopurines MSH or PMS2
“ 050 PRPS1/2
0.25 _ methotrexate FPGS
0.00 : : : 7 AR 0 25 0 250 25
0 500 1000 1500 2500 D mD+R MR % of patients in group

Relapse time (days) 2000
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Two Relapse-specific Novel Signatures

. ’®
St.Jude Children’s
Research Hospital
Dlagn05|s samples COSMIC signature  Novel signature
4,500 — 11 (clock-like) mA
@ 4000 — M 2 (APOBEC) B
= 5 15 (clock-like)
% 17 (UV)
& 3,000 — M 13 (APOBEC)
= [ 115 (MMR) 17
c 2,000 — (126 (MMR) 118
(o]
wn
2 %ﬂ:ﬂ Lm!ﬁa - rDm
* 0 e = e A e e EE R = HH 5 ==
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,, 10,0007 Relapse samples
£ 4500= = - r
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) 4000
L -
© 3000
E 1
8 —
% 2,000 — A‘
* 1000 ! I H
0 ————e S B q ﬁ ] = Hfl
& & 1 MSH2/6
= = PMS2
Very early relapse Early relapse Late relapse
(<9 months) (9-36 months) (36 months)
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= I I = I N
= =z 020
..03 012 ..03 0.15
2 o.08 Novel signature A 2 0.10 Novel signature B
S o ‘ | S |
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Research Hospital

rg'\ Candidate Mutagenic Agents for Novel Signatures

| Rare in TARGET _ Common in TARGET
0 20 Novel signature A 5= 0002 0 20 - Novel sighature B
2 15 2 15 -
£ 10 S 10 -
W Py
5 5 - 5 5 -
0 X 0 7] 7] 5] 7] 5] 7]
£ /&S ofe/e
SINETEAS &
3 £ 5/ 3
3 S &/ 5
Q QT & S /o “ /relapsed
& & S/S
Ay & NVAAS
anthracyc. anthracyc.
etoposide etoposide
0% cyclophos. 0% cyclophos.
1-50% cytarabine 1-50% cytarabine
° * thiopurines ° * thiopurines
= 50% thiop.+metho. 2 50% thiop.+metho.
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Experimental Confirmation of Thiopurine-induced
Research Hospital | N OV9| Si nature B

OB DODDOODDODD DD DD DD DO J\x\[u\f::}f:wm:;\\‘ OOV D DD DOV TOODDODDDODDC

ALL Cell line REH Normal Breast Cell line MCF10A Signature of MCF10A Mutations

BTG
E-MP I
S e = 1 clone #5 Pl
p— i |.] L.
—
=R — C=h C=G C=T T=4 T=C T=G
=, [
::ﬁ Boot et al., Genome Research 2018 —
g .08 cisplatin signature
& apa
E A
m -U :ﬁ I l—-l-l L
- 0,
_ |t m__ -
— 8 o Q
—t
w e =2 B T
Hi B — =
oy 2 — -— caosine
o4 = —_— N
T — % o1 Novel signature B sim
ﬁ—, * o _
= [
|——-
poe - C=i, C=G C=T T=A T=C T=G
_ e
= e G-thioguanine 10nk ]
] ) ‘ clone #3 0.923)
— 913 1,163
E 1” :::j,l-l -~ Ie o I- 1 -| I = =i
|2 #stvs sm l l
o m . . .
_— — a by G-thioguanime 10nk
. D : ‘ clome #4 0821
304
- 1n-l I I
m— Untreated B-TG 10nM  cisplatin “::ﬂww-m:!mmmﬁﬁx!-;ﬂ“l: S e
msistamtcione 1 2 3 4 5 6B 7 0.5 pM
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2 A New Model for ALL Relapse

St.Jude Children’s
Research Hospital
A diagnosis
I sensitive clone .
& rosistent clons de novo resistance
, O oot fuly resratant not observed in ALL
; treatment
B diaglnosis relapse
chemo-selection
very early relapses
! treatment
C diagnosis relapse
g' chemotherapy i NEW MOdE'

Persistent clones with
| chemo-induced mutations
{reatrent early & late relapses

Li, Brady, Ma, et al, Blood, 2020
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Research Hospital
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St.Jude Children's
Research Hospital
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Clinical Genomics
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Research Hospital

J& Clinical Genomics: Tlmellne

PO IR

DDA DDA DDA

Three-Platform Clinical Sequencing

& \p WGS + WES + RNA-seq
@ athology
N S Pilot Genomes for Kids Clinical Service
B?Or};%‘;tat'ona 78 cases 309 cases >1000 cases

Genomics Carcer 2013 2015 2017 2019
Predisposition
Subject Rapid Turn-Around Time (<15 days)
@ Experts RNA-Seq (Jan 2017, Total 17)

*CLIA-certified

FFPE Exome + RNA-seq
Mar 2017

D ivcing cures. saving children.
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St.Jude Children’s
Research Hospital

ClinGen Pipeline for 3-Platform Sequencing

Pipelines developed from 78 cases in a pilot study

Three-platform

Sequencing

Tumor

£0).¢
Whole Genome

100X
Whole Exome

RNA-Seq

Normal

30X
Whole Genome

100X
Whole Exome

Variant
Detection,

Cross-Validatio

Variant

Classification

Analyst
Curation,
Panel
Review

Report
Generation

Somatic SNV

Germline SNV
Somatic Indel

Germline Indel
Somatic CNA

Germline CNA

Somatic SV

Somatic Fusion

Chromothripsis
LOH
Ploidy
Splicing
Expression
Purity
Contamination
Mosaicism

PCGP

COSMIC

ClinVar

Other
Databases

Literature

Pathogenic
Likely
Pathogenic
VUS

Likely Benign

Benign

Tumor Report
Germline Report

Rusch et al, Nat. Comm. 2018

D ivcing cures. saving children.
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F= Therapy Change Based on ClinGen Data

* Child with metastatic melanoma who had failed multiple therapies
 Tumor analyzed by St. Jude 3-Platform Sequencing

Serine Threonine
Kinase Domain
I.1;1’(425 aa

| MAP Kinase

-----
-----
-------
.......
--------
..........
.......
.......
........
-----
-----
-------
......

_ Breakpoint
G-protein gamma

GNG2, at1aa Subunit

* Activates MAP Kinase signaling independent of BRAF (unlike
most melanomas)

- Blocked the pathway downstream of BRAF using a MEK inhibitor
(trametinib) - total response but later developed resistance

D ivcing cures. saving children.



/zr\ Recurrent Screening by RNA-seq of 49 FFPE Spitzoid Melanoma

St.Jude Children’s

Research Hospital

MAP3K8 has the highest Truncations/fusions

mutation prevalence (33%) cause loss of exon 9
MAP3K8

map3ks  33% [IIIHINIse | | W ]

5 |
ALK 22% il B Dl i @\\
BRAF 4% i ool Truncation @ ©
RAF1 4% ) SPS&‘?S
ROS1 4% i OB Newman et al, Nature Medicine 2019
NTRK1 4% i i 5
PRKCA % " 472 TCGA melanoma
NRAS 4% n . | | (-

3 O :
MITF 2% | |‘ D ]
PRKCB 2% i Tl $ " g
NTRK3 2% | E_““‘ :
>

ARAF 2% | D °
MAP2K1 2% i g ML f!:; : .
CTNNB1 2% : Collaboration with Richard Lee ool

B Fusion B Truncation [ Missense (Hotspot for teSting neW Com pOU ndS Eu - é : i o . &

targeting MAP3K8 S tsia dhaand

D ivcing cures. saving children.



r"\ Data Sharing & Visualization on St Jude Cloud

Research Hospital

<« C & stjudecloud w 0 9 o :

/&\, St. Jude Cloud

Advancing Cures Through Data and Discovery

‘ PEDIATRIC o CANCER NON-CANCEROUS
: CANCER | SURVIVORSHIP il DISEASES | !

High-quality genomic, Genomic and clinical data

clinical and patient-reported from non-malignant
data from pediatric cancer diseases, including sickle ce
SUrvivors disease.

Learn More




Research Hospital

/L Standard Download-based Data Sharing Model

Lab@A

Finding cures. Saving children.



A Cloud Data Sharing with Accessible Computing

St.Jude Children’s

Research Hospital I n I I aStI u Ctu I e
L OO DX O@ODa@E@a@EO@OMa@E@@@@@@@@@@@aaRa

WITTNTTINT
IANLINUIANL

Finding cures. Saving children.



2 A8 st. Jude Cloud Ecosystem (stjude.cloud)

St.Jude Children’s
Research Hospital

Community Data & Tools

Reference Visualization
Pediatric Cancer Non-Cancerous —
Cancer Survivorship Diseases " -
3,000 patients 7,000 patients 800 patients 'J SEQUENCING DATA/AND ANALYSIS "'l
VARIANT KNOWLEDGE BASE G enom | CS CURATED VISUALIZATIONS
: PeCan “ Platform “ Visualization
: Community
: @ © o6
: BrDO;\]/;[:er Vﬁ)r;ilflfzas Dasl:,ll){mrd o
: : DNARexus S
Data Variant Metadata Expression "
. . . . “ sE B ¢ =
Harmonization Curation Collection Matrix [l ‘ TR
? e b b Microsoft T T F
EF - 5 / Azure ! B R

~ Pediatric Cancer
St. Jude Children’s . .
Research Hospital Genomic Ana |y5|5
| Visualization

DNAnNexus B° Microsoft
Secure cloud data host Azure cloud Computing

D ivcing cures. saving children.


http://www.stjude.cloud/

Jk World’s Largest Pediatric Cancer Genomic Data

Research Hospital

Retrospective Research Studies | Subjects | Sequencing Type (#Samples)
PCGP [ Tumor / Normal] 1,610 WGS (1400), WES (1536), RNAseq (905)
Clinical Pilot ‘Tumor / Normal] 78 | WGS (156), WES (156), RNAseq (78)
St.Jude LIFE Germline] 4,833 WGS (4834), WES (3322)

CCSS (Germline 2,912 WGS (2912)
SGP (Germline] 807 WGS (807)

Prospective Clinical Sequencing

Genomes 4 Kids [Tumor / Normal] 299 WGS (520), WES (559), RNAseq (254)
Clinical Genomics [Tumor / Normal] 659 WGS (983), WES (1344), RNAseq (690)
Total 11,223 WGS (11,612), WES (6,917), RNAseq (1,927)

D ivcing cures. saving children.



A Real-time Clinical Genomics (RTCG) Streaming

St.Jude Children’s

Enable Immediate Research

RTCG Pipeline for Regular Data Upload

» Verify Consent
» QC Check

» Meta-data Collection
» Data Harmonization

Current and Projected Data Growth

Future Real-time
ClinGen Data

Real-time
ClinGen Data
Genomes for Kids March 2020
o

Clinical information Clinical Pilot PrDjECtEd to Add an
Additional 500 Cases / Year

2013 2015 2017 2019 2021 2023

St. Jude Cloud

Delaram Rahbarinia

Finding cures. Saving children.



St. Jude Children’ S
Research Hospital
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5. Launch Tool

Find and quantify COSMIC mutational signatures across samples

Authors Scott Newman. Michael Macias
Publieation N/A(not published)

Input Single or multi-sample VCFs

Output Sample contributions for COSMIC signatures +

intersctiva contributions plor
Supported Genomes  hgl9 (GRCKS?7), hgSE (GRCH3E)
Technieal Support  Contact Us

OpenSource O 0 Qwersh 3 mwes Ooprm
Upload Data

Description
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J/&\ Engage St Jude Researchers During COVID-19

Research Hospital

General Usage of St. Jude Cloud

e Carry out omics-based computation on St. Jude Cloud, removing the need
for VPN or cluster access.

e New, remote-working focused quickstart guide including:
e How to upload uploading data from cluster/laptop to cloud.
e How to run production-grade apps at a large-scale using the cloud.

e How to perform ad-hoc work using interactive nodes in the cloud (still in
development, created in response to COVID-19).

e How to visualize NGS data in IGV and the new GenomePaint BAM viewer
(still in development, created in response to COVID-19).

e New support Slack channel: #stjudecloud-helpdesk (visit the guide on how
to join the channel).

e Available to all researchers

Use general case: in an attempt to

evaluate the performance of detect then__~| COVID-13 Discovery Program

subclonal SNV/Indels by using MSKCC’s ® Everything in “General usage”, plus |
e Sponsored compute and storage costs for your workloads in the cloud.
cfDNA data as a training set, the Ma lab * Software engineering support (up to some limit that is jointly set).
uploaded the MSK data to SJCloud and e Weekly meeting with cloud team to ensure your research is moving
forward effectively.
was able to correct an error in the original e Limited availability, by application only.

data by curating the data via Cloud access

Finding cures. Saving children.


https://stjude.cloud/docs/guides/covid-19/
https://stjude.cloud/docs/guides/covid-19/getting-started/

A RNAIndel: An example of using SJCloud data for

St.Jude Children’s

methods development

- RNA-seq data are generated routinely for research and clinical testing
due to low sequencing cost and data storage

- Expressed variants are more valuable biomarkers than DNA variant

- Small insertions/deletions (indels) are more challenging to model

Insertions/Deletions
CTAGATGA any seq CTAGAATCG

ins

Substitutions

CTAGATGACTAGAATCG CTAGATGACTAGAATCG
J' del
{A G, 7T CTAGAany 'engthATCG

Explicit modeling

Data science approach

Kohei Hagiwara

D ivcing cures. saving children.



2 RNAIndel Computation Framework

St.Jude Children’s
Research Hospital

XD DD

Feature matrix
Ref. ACTATACG...GGA CC AGA AGATGTAA G iHS(C] ins(G) de|(ﬁ. ) ins{GGCC]

AG GCC \GAT RandomForest
e specialized for

RNA.bam - Realiglmment each type

L l’ I‘I

A CC AGAGGCC - :

Prediction probability

oo~

AGGCC somatic germline artifact

del(AT) 0.1 0.8

||  spl | ins(C)
ins(GGCC) 0.9
ins(G) 0.1

0.6
0.1
0.1

0.8

Finding cures. Saving children.



A Constructin ng the Training Set using SJCloud Data

St.Jude Children’s
Research Hospital

S g S ————————— . R :
OGO OCDOCOOOCOCTDOCOOCDOCIDOOOOOODDOCODOCDOCODDOOOOTDO OO OO

GTAAG—GGA 765,475 labeled RNA-Seq indels

Genomed4Kids Tumor
O¢ RNA-Seq - , somatic
CQQ/ Alignments G ; ‘ CAGAA 106 = germline
v G T ke HaAAL artifact
$ | " o AT | 10°
Labeling ‘. 3 IAAGA
b‘f ; ) CCt ! { . 104
DNA-Seq ACc o
| C 2 102
WGS& Y. PCRefree WGS B =
ES & 102
WES :
v v - v
0
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L Features Distinct for Somatic and Germline Indels

St.Jude Children’s
Research Hospital

Germline indels

* Complex sequence pattern Features less deleterious to the gene product
CTAGATGACTAGAATCG | |
/\ * Splice region ¢ Off-conserve * Last exon
domain

CTAGATGATCCGTATCTAGAATCG

dissimila

» Co-occurrence of insertion/deletion

\ CAGGAGCAG
CTAGATGACTAGAATCG !
del(ACTA) may Not Frequently in-frame Evade NMD
CTAGATG GAATCG disturb splicing (not tf ;’Ivf‘Steth
near-full leng
ins(CAT) for incomplete repair product)

CTAGATG CATGAATCG
NMD: nonsense-mediated decay
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/L Performance in Pediatric and Adult Cancers

St.Jude Children’s
Research Hospital

Tumor N Library  Readlen Sequencer Somaticlndels* ~ TPR  Median #FP/Sample Median indels

_ . per sample

1 Pediatnc 77 TotalRNA 100  HiSeq20000r 2500 s 17 0882 3 3 2318
" 40 0975 1 3 311

2 AML 158 Poly-A 75 HiSeq2000 $ 22 0954 2 | 1036
m 61  0.984 2 2 202

3 NSCLC 90 Poly-A 100  HiSeq1500 § 97 0887 6 3 1 3171
m 68  0.941 7 4 1 394

4 RCC 91 Poly-A 50 HiSeq2000 $ 130 0877 8 5 5 4303
m 81  0.889 8 2 2 510

5 COAD (Hyper) 29 Poly-A 75 GAIIX $ 120 0392 2 20 999
m 53 0953 11 10 141

COAD (NonHyper) 102 $ 30 0.9 1 3 466
" 14  1.000 1 2 128

1 Pediatric: 20 pediatric tumor types from St Jude [ NSCLC: Non-small cell lung cancer from Nanjing study
Clinical Sequencing Pilot Study (1 RCC: Renal cell carcinoma from TCGA study
d AML: Acute myeloid leukemia from TARGET study (1 COAD: Colon adenocarcinoma from TCGA study
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2 Discover Indels Missed by DNA Analysis

St.Jude Children’s
Research Hospital

Low frequent driver mutations in highly expressed genes can be “rescued”
from RNA-Seq analysis

Confirmed Indels from AML Test Data Set

_m AAChange - 500xTargetedValidation

PAKTCX EP300 Y207fs 0.102

PANLIN CEBPA P23fs 0.167 v
PAPVDV RAD21 D543fs 0.021 v
PARSHM KIT Y418 D419>Y  0.148 v
PASWPT CREBBP S1767fs 0.012 v

Hagiwara et al, Bioinformatics 2020
https://github.com/stjude/RNAIndel
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https://github.com/stjude/RNAIndel

St.Jude Children’s F U t U re D i re Cti O n S

Research Hospital

Genomic Variants

Germline Non-coding Relapsed
Pathogenic Regulatory Cancer

Innovative Methods  Cutting-edge Analysis Data Resources

Advance the Understanding and Treatment of
Pediatric Cancer and Other Catastrophic Diseases

,&\, St.Jude Cloud

Advancing Cures Through Data and Discovery
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