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Apply Genomics to Precision Medicine
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» Success and Challenges of Treating Pediatric Cancers
* Genomics
* Tool to study genomics: Next-generation Sequencing

* Precision medicine — an application of genomics



Childhood cancer

Childhood cancer: The beginning of a modern
medical success story

National Cancer Institute

Leukemia Lymphoma Wilms

w 1960s
W 1990s

Courtesy: John Maris



However in the past 16 years no improvement in mortality
rates despite increased intensity of treatment

National Cancer Institute
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latric cancers

Metastatic, Recurrent, & Refractory Disease Remains Incurable

100

0

Event-Free Survival Rate

80t
60
40
20t

Neuroblastoma

—
e
-

High'

N=2621; p<0.0001
01 2 3 4 5 6 7 8 910111213
Years

— Chearaldl Survresl
Ewvant Fres Sursival

Metastatic (Spread)
Rhabdomyosarcoma

TN ' 24%

Time (years)

Probability

-

e
@

=
-]

=]
&

2
[

o

1008 = L]
-y Ewing’s Sarcoma
80— -
T
&0
50—
A0
30
50 Stage 4
104
e I L] L] || | | | ]
O 10 20 30 40 50 &0 o
Time (months)
Osteosarcoma- Stage 4
Overall survival
—
a - Event-free survival
O S5 10 5 20

Yaars after diaqgnosis



Gene expression

The dramatic consequences of gene
expression 1n biology

Same genome >
Different expression pattern
Different proteome
Different tissues
Different physiology
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Gene expression
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Same genome or DNA >
Different expression pattern
*Different proteome
Different tissues
*Different physiology
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Gene expression

Biology is driven by the simultaneous expression of
large numbers of genes acting in concert
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Epigenetics

Epigenetics controls gene expression

EPIGENETIC MECHANISMS HEALTH ENDPOINTS
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Human genome

‘Vol. 291 No. 5507
Pages 1145-1434 $9
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Challenge

Challenge: how to measure/detect genes and their
products in a massively parallel way?

 High-throughput technologies

« Computational power
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Gene expression

How to measure the expression of genes

Northern blot
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First generation tools

Printing microarrays
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1st generation genomic tool:
microarrays
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Microarrays

Microarravs — technologies of hvbridization

Healthy cell Pathological cell
DNA Microarray

‘ Not peesant in calls O n noerma cells only
l O Present in both oslls . n pathological cells only
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Wilms tumor

MRI: 9 x 8 Xx 9 cm mass in upper pole left kidney, tumor in Left renal
vein and inferior vena cava

Initial diagnosis: Wilm’s tumor




Cancer diagnosis

Diagnosis of cancers using gene expression profiles

Wilm’s tumor |

l

Neuroblastoma

e Patient was switched
to high risk
neuroblastoma
treatment included
stem cell transplant

e Doing well 1 yr after
diagnosis

3rd Principal Component




Next-generation sequencing

Next-Generation Sequencing

Genomic DNA
or RNA

Fragmentation

Fragment

& Size Selection

e ——— DNA Fragments of

—— e m—— Similar Sizes

L Adaptors Ligation

.. Genomic DNA Library
£ mplification and Sequencing

i Align (Map) Reads
N Ly M L W W L W L W T w  m to Ref. Genome

Ref. Genome

AGCTGCTCGTCGCGAAACTCCGATCGACTGCTGATCGACTCGATCACTCGATCGTAGTCGAGAGTACTCGATGCT Genome Sequence



Sequencing by synthesis

lllumina Sequencers sequencmg by synthesis (SBS)
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Bridge PCR

Cluster formation Sequencing



Massively Parallel Sequencing

Massively Parallel Sequencing

Each spot = one Sanger sequencing
Hundred of millions spot in a flow cell

iHumina
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Genomic Alterations

Genomic alterations detected by DNA sequencing

Reference sequence Non-human
Chr1 'Chr 5 sequence
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Genomic Alterations

Genomic Alterations Detected by
RNA Transcriptome Sequencing
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pre-mRNA o 4 - Digital Gene Expression
gy T ot - Expressed Mutations
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RNA editing

* Novel Transcripts

* Non-coding RNAs
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Next-generation sequencing

Next-generation sequencing: a platform for many
applications to study genome and epigenome
» No need of prior knowledge for probe design as in microarrays

» Parallel sequencing at basepair resolution— massive-throughput

— Then: ~13 years for the 15t human genome using Sanger seguencing by
20 centers in 7 countries

— Now: muftipte human genomes in 2 days using a NGS sequencer

» A single platform for different kinds of genomic and epigenomic
information

— DNA and RNA sequencing

— Genome modification, e.g. methylation
— Chromatin accessibility, e.g. ATAC-seq
— Chromatin 3D organization, e.g. Hi-C
— Protein-DNA interaction, e.g. ChiIP-seq

F..............._._________



Pediatric cancer mutations

Pediatric Cancers Have A Low Number of Somatic and
Actionable Mutations At Initial Diagnosis

Adult Cancers
Velarorra

Mormech

Can genomics help clinical
Chsonic yrrnphocytic ke vhorma
Acute

--------

=13 care for cancer patients?
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Pediatric Cancers
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Ewing Savcona
Medulobiamoma
Rhabsdond tumae
PAX -Fusion RMS
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Clinomics for precision medicine

Personalized Medicine and Imaging Clinical

Cancer
Research

MultiDimensional ClinOmics for Precision Therapy
of Children and Adolescent Young Adults with
Relapsed and Refractory Cancer: A Report from

the Center for Cancer Research

Wendy Chang"??*, Andrew S. Brohl™, Rajesh Patidar', Sivasish Sindiri', Jack F. Shern™?,
Jun S. Wei', Young K. Song', Marielle E. Yohe"?, Berkley Gryder', Shile Zhang',

Kathleen A. Calzone®, Nityashree Shivaprasad', Xinyu Wen', Thomas C. Badgett'®,
Markku Miettinen’, Kip R. Hartman®?®, James C. League-Pascual®®, Toby N. Trahair'®,
Brigitte C. Widemann?, Melinda S. Merchant?, Rosandra N. Kaplan?, Jimmy C. Lin', and
Javed Khan'

Clin Cancer Res. May 20186

Protocol Number: 10-C-0086

Title: “"Comprehensive Omics Analysis of Pediatric Solid Tumors and Establishment of a
Repository for Related Biological Studies” or Omics protocol
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Study design
Study Design

* Pilot study to determine the utility and feasibility of
performing comprehensive genomic analyses to
identify clinically actionable mutations in pediatric and
young adult patients with metastatic, refractory or
relapsed solid tumors

- 59 patients enrolled to the pediatric oncology branch,
Center for Cancer Research (CCR), NCI (2010-2014)

- Age 7 months-25 years
« 20 diagnostic categories (non-CNS, solid tumors)

 Comprehensive multi-omics exome germline & tumor,
RNAseq tumor & lllumina Omni SNP arrays of tumor




Multi-omics integrated landscape
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Germline mutations

~10% of Pediatric and Adolescent Young Adults with Cancers

have Actionable Germline Mutations

Table L. Germlre mutations in Amenican Colege of Madical Ganstics (ACMG) repartable genes and Tumar supEressor genas identifnd in 7 patients

Reportable by Strict
Sample Diagnosis  Gene Mutation  Disease Hotspot  Notes ACMG Criteria
NCIOO?2 MM ATM pYSEOEs  Atawa-Telangectasa and cancer No Frameshft irsertion of tumor Yes
predsposition syndrome LPEIessOr gene
NCOJW0 AB BRCAT  QI513X Herachtary braast and ovarian cancer Yes Pathoganc, repoctable Yos
syndrome
NCOOW w8 rs2 p K36  Lynch syndrome and mesmatch repair No Frameshft deletion of tumor Yes
cancer syndrome SUPEessor gene
NONET2Z NET PTEN pRIArs PTEN Hamartama bumoe syndrome No Frameshift dektion of tumor Yos
SLpEressor gen:
NCIOZ2B  MTC RET MIOIBT Multiple endocrre neoplasia 28 Yes Pathogenc. reportable Yes
NOOS2 SS s TIPS RISH Lr-Fraumeni syncrome Yes Patiert tumor has LOH of No
wid-type 1p53 on other
EL
NCO226 ACC RSy A155K Li-Fraumeni syncrome Yes Tumor has LOM of wild-type No
tp53 on other alidle. noved,
2 base non-frameshift
substRution
¢ 358_359deGCinsTT
NC2zN MM JysCr pSE2ER Tuberous sclerosts type 1, No Nonsyncnymous SNV, No
Iyrghangolecmyamatosls, focal autcsomad dominant, patient
cortical dysplasia, and averolimus akko has a germine T5C2
SOnNEfivity mutation
NOo21 MM rsc2 pr246A Tuberous scderosts type 2, and Yes Nonsynonymous SNY, No
Iymghangolecmyamatosis autcsomad dominant, patient
akso has a germine TSC)
mutation

NOTE: Mutations were confirmad by cirect visualization on an IGV viewsr, and by Sanger sequencng.

Abbreviations: ACC adrenocortical carcinoma MM, malignant melanoma; MTC, medulary thyrosd caronoma: NET, neuroendocnne tumor: RMS, rhabdo-
myosarcoma; 55, synovial sarcoma US, undffarentiated sarcama hovizontal arrow ndicates change in diagnosis.

Chang et al. Clin Cancer Res. 2016



Somatic mutations

Approximately 50% (30/39) of Pediatric and Adolescent Young Adults
with Cancers Have Actionable Somatic Mutations
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Summary

Summary

- Demonstrated the importance and feasibility of performing multi-
dimensional ClinOmics in the clinical setting in real time

- ~50% of children with pediatric or AYA patients with relapsed or
refractory cancers have actionable somatic mutations

-~ 10% have actionable germline mutations

* Importance of performing parallel germline sequencing; some
therapeutically actionable (e.g. DNA repair, PTEN, TSC1, TSC2,
HRAS, RET, ALK)

* Increased tumor burden in relapsed tumors; implications for
Immunotherapy

- Single agent pediatric MATCH like trials are planned by COG-
NCI
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Future Trials

Genomics Enabling Precision Therapy-The
Future for Pediatric Trials
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ClinOmics program

CCR ClIinOmics Program-CLIA
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Patient diagnoses

396 Patients of 93 diagnoses
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ClinOmics Data Portal

ClinOmics Data Portal
https://clinomics.ncifcrf.gov/production/public/
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QC Report:
Sequencing Statistics & Genotyping

Run Statistics
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EGFR mutations
EGFR mutations in NSCLC

3V view of patent CLOGSD case: OM16-007 Total & sampie(s)

MCh saTpe 1 Dod

EGFR TKI sensitive
A

:-ZJ;“‘-'-. -‘_ BN BN O 4 Tmmm NN NN mmm—— e & ‘ Exon 19 ‘
_ _ : " - R .. _ deletion/
NIy FRE AR N AN R LA AN (I Y ARG ETURE G719X insertion L858R L861Q
= l l 11
Blood DNA . JELE [Exon18 M Exon19 I Exon20 | Exon21 |
= <
= | |

: E 20 T790M
: l 7 QOMJ in::rrt‘ion’

\ J
I

EGFR TKI resistant

- S o g
o\'-oc--o--o

umorons IR

-

L L L L
raEEre.




1 mm mw unaw m-*qm

gwmwaammmf

———



——d - B ghre Barad sa CTVES

63: Melanoma

LASALA A AR ) CCHR AR ‘M'ﬂ"ﬁ-r'rvr:rr G NI RIS ey
::»#"u;uw;. ‘* PSR ARSASERASRS £ NS S EN S SR KR B 9 50 fﬁ"”‘

gretnrn S AATE A Sgvtre T ATTA A Ngasmere iY A0

e

L

!zq-

A

b =Y RS mimiees
""I‘" T T T P T A AT T e e AT I IR I T -'?:fﬁ:“.““ speeme
Poet i m‘w ;...,...'n n"ﬂ:"twmw -‘V-“-‘:?“b.k?'"- “?’:vl er z::mw

i

ae

§ o] — e b e e s s i 18114

|

“3 <

I e e S S IR T
AR L Ll

R TR SR P 404

sz v AR A

Sugatue 7 UV s-gnture

Comcnw tgpons  Soratwe 7 han Boen Sound prodoma sy o s concars sl o carceny of e 8 Crtwprod 3 Rand and 0ach o o E RO ETGWn CCET

= B i . - _s2  em
ng— L M“oz: Plutl G BN GITRERECE B PICIAT CAGAE BRr WE T WSy NG L W GETEER T8 T BT SRl B ERGET A WERNN CeGoand W W B g St wrn T
a- Bhnty S o AR g enre
- N ABlr v ol anam pr wwrnd oot an arw T m panscnted wed Swegm wanhery of COaTT Sevogtnlo mwpstwon st Sgyrwmdoan. RGRa Py Smatwrn T ashBitn » Wrorg Saescrotans Wy el b
o D e e el i e N e e e el et I e e Tt e e el R N el T

indarstryd Commanantns WA




Somatc- N Somat - CLOES TI1D_PS2.FParw Somato-CLOAS T1D_E2-Exome pon_Burden

Callers: MuTeat - Records: 2/6

- Select Columna

RNASOq © Show 1% ¥ enlries Search:

AZrenocortical carcinoma CLO018S _TiD _E2 Exome MuTect 12 45196537 13.54
Fusicn Adrenccortical carcinoma CLO18S_T1D_PS2 Pane! MuTect 36 2465827 14.6

Carprosscn SASnIAS L 20 2 oF 2 ertried (TReres froes € 0 efnries) Previous - e



Fusion Gene Detection from
experiments

EWS-WT1 fusion
t(11;22)(p13;912)
in desmoplastic small
round cell tumors (DSRCT)
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Useful Genomic Information

Other Useful Genomic Information

* HLA typing (Tissue typing)

* Neoantigen prediction

* Gene expression

* Gene Set Enrichment Analysis (GSEA)

« Survival analysis if outcome data is available

—



Conclusions: =

Next generation sequencing (including

whole genome, exome and transcriptome)
determines the complete genomic and
epigenetic portrait of cancers at the base pair
level.

Integrated analyses of the cancer can
identify biologically relevant diagnostic,
prognostic biomarkers and novel targets for
precision medicine.
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