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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



Mortality rates

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

a All other cancer sites
* Lymphoma and leukemia

National Cancer Institute

Mortality Rate

1990 1995 2000 2006

Year

1975 1975 1985

Courtesy: Malcolm Smith
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Metastatic, Recurrent, & Refractory Disease Remains Incurable
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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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Human genome

15 February 2001
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Gene expression

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

S = g
i S
(’f&q’

~1000 MiRNA .
ﬂ"-_’ﬁx..—r .
3,000,000,000 Sy = >10,000 ncRNA Proteomics

Phenotype
Cancer Diagnosis &
Response to

Treatment

~500,000
Protein




Epigenetics

Epigenetics controls the genetic information flow

&4 Methyl Group

Chromatin
Epigenetic b AN
Factor

Histone
Histone Tails

Chromosome >
https://iwww.whatisepigenetics.com/fundamentals/



Challenge

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

« High-throughput technologies

« Computational power



Gene expression

How to measure the expression of genes

Northern blot
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3
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laborious and low throughput




Microarrays

15t generation genomic tool: microarrays
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Microarrays

Microarravs — technologies of hvbridization

Healthy cell Pathological cell
DNA Microarray
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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

3rd Principal Component

Diagnosis of cancers using gene expression profiles

RMS

EWS

(Lot

Wilm’s tumor |

|

Neuroblastoma

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

e Doing well 1 yr after
diagnosis




Sequencing

Moden Sequencing Technologies

First generation Second generation Third generation
(next generation sequencing)

Sanger Sequencing 454, Solexa PacBio
Maxam a_lnd Gllt_)ert‘ lon Torrent Oxford Nanopore
Sanger chain termination llumina lllumina Novaseq Series
500-1,000 bp ~50-600 bp ’ | >10,000 bp

Short-read sequencing Long-read sequencing



Next-generation sequencing

Next-Generation Sequencing

Genomic DNA
or RNA

$ Fragmentation
° Size Selection

S S — DNA Fragments of
& Adaptors Ligation

Genomic DNA Library

R e e e e Align (Map) Reads
Faft Ganeme e e e e e e e e to Ref. Genome
L

AGCTGCTCGTCGCGAAACTCCGATCGACTGCTGATCGACTCGATCACTCGATCGTAGTCGAGAGTACTCGATGCT Ge nome se q uence



Massively Parallel Sequencing

Massively Parallel Sequencing

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

iHumina




Desktop sequencers

Modern desktop sequencers

Patterned
Flow Cell

= 1.2 billion reads
= 400 Gb (~133 human

Super-Resolution g enomes )
Optics
<40 hours
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Genomic Alterations

Genomic alterations detected by DNA sequencing

Reference sequence Non-human
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Sequencing

Next-generation sequencing: a platform for many
applications to study genome and epigenome

* No prior knowledge is needed for probe design as in microarrays

+ Massive capacity at a base-pair resolution

— Then: ~13 years for the 1% human genome using Sanger sequencing by 20
centers in 7 countries

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

+ A single platform for different types of genomic and epigenomic information



Genomic Alterations

Genomic Alterations Detected by
RNA Transcriptome Sequencing

Igtron
E-—1N

Digital Gene Expression
Expressed Mutations
Alternative Splicing Events
Expressed Fusion
Transcripts

RNA editing

* Novel Transcripts

* Non-coding RNAs

Short read

Short read s spiit by
imtron when aligning
to reference Genome = —



Epigenetics

Study epigenetics, the control of gene expression

EPIGENETIC MECHANISMS HEALTH ENDPOINTS
ro o ectind by these factors and procostos * Cancer N - * -
* Development (r utero, chidhood) - sl ~ Chromatin organization

* Environmental chemicals * Montal disorders +  Hi-C
* Drugs/Pharmaceuticols * Diabetes
, , * ATAC-seq
" EPIGENETIC
Y

.FACTM

» DNA methylation

CHROMOSOME

» Histone modification
H3K4me3 (active
transcription)
H3K27ac (active
enhancers)
H3K27me3 (gene
silencing)

|| Mothy! group (an epigenatic factor found
|| Insome detary sources) can tag DNA

HISTONE TAIL

HISTONE TARL

Protein-chromatin
interactions (ChIP-seq)

DNA accessible, gene active

Histone modification

The binding of epiganetic factors 10 histone “tads”
Histones are proteins around which ; alters the extent to which DNA is wrapped around
DNA can wind for compaction and DNA inaccessitie, geno inacthve histones and the avallabiity of genes in the DNA

QoNe reguiation. 10 Do actvated




Pediatric cancer mutations

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

Adult Eanlf_erﬁ

Shamach
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- Can genomics help clinical
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=13 care for cancer patients?

Fediatric Cancers
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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 =

wWendy 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 2016

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




i-omics integrate

landscapeFusion genes

Multi-Omics
Integrated Landscape
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. RNAseq
Diagnostic, Driver, Actionable

| DNAseq and RNAseq

Somatic: Driver, Actionable

DNA copy number & RNAseq
Somatic: Driver, Actionable
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Germline mutations

~10% of Pediatric and Adolescent Young Adults with Cancers
have Actionable Germline Mutations
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Somatic mutations

Approximately 50% (30/39) of Pediatric and Adolescent Young Adults
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Future Trials

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

/

CCR ClinOmics Program-CLIA

- Patient referred
Ko to CCR

Research
Clinomics

N Patient
- ’ enrolled

% 3 Obtain
Tissu.:e

Experimental

Workflow : j

ClinOmics
Protocol 3=
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Data

Tumor
Board

Electronic
Medical
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Patient diaghoses

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 5tatistics
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EGFR mutations
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Fusion Gene Detection from
yeriments

EWS-WT1 fusion
t(11;22)(pl3;q912)
in desmoplastic small
round cell tumors (DSRCT)
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Other Useful Genomic Information

* HLA typing (Tissue typing)

* Neoantigen prediction

* Gene expression

* Gene Set Enrichment Analysis (GSEA)

» Swurvival analysis if outcome data is available

—



COMPASS

— — b
D i e
S o || -
e
- ot

B e mta | e
.-

11/1/2023:

Patients = 4640
Diagnosis = 496

- ————
- —

—— -

ot e A B

v e
— s -

PR

ey W

Aird ! e | @

T v — - -
Wi -
e -

— e —
Ty ey ey

S s b e
o ——— -
s v g -
- v S
el dnbed
Ssleluruedn wh Yon
e e
———— AL o e & B89
St e |1 .
- e v —
— g a—
rr—
e
W —— -
e eseus Jen
- ——
-

M e e 14 e
e e
L ———
|—

I

.
— -
L

s oy T s
[P
—— b St 9 s || S

— -t — a0
— ——
== - —
-
ot o (04
S — 0 i 14 0
bt .
-

S sitren St

. b

R

v pa—

FURp—
—— | : "
At e -
e b
(S s o bt | bme

e L
L

adaa Dl ol
———e e .-
[T

o avees
——
e e s
. .=rs

- ——y -
W G st w0t

e
Fe— et # b
e L

 r— | v — o

— >
v | e
s e _...... e -
————— - ——
— e - T
-

b e b Nt 4 e it bt e 1}

-



Conclusions

Conclusions

» Next-generation sequencing is an important genomic tool to study the
genomics and epigenetics of tumors

» (Genomic research has significantly advanced our understanding of
human cancers

» Routine integrated omics analyses of patient tumors can pinpoint
rational molecular targets to improve the outcomes of childhood
cancers
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