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Incidence of childhood cancer within single year of age
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Figure 2. Spector and Lupo, 2020

Distribution of tumors across the pediatric age spectrum.
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FIGURE 2 | Distribution of B-cell acute ymphoblastic leukemia (ALL) cytogenetic subtypes by age at diagnosis. Data adapted from (6).
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Racial and Ethnic Disparities in Pediatric Cancer Incidence
Among Children and Young Adults in the United States by

Single Year of Age
Erin L. Marcotte, PhD & ' Allison M. Domingues, MS'"; Jeannette M. Sample, MPH ' Michaela R. Richardson, MPH';
and Logan G. Spector, PhD'?
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Geographic Variation in Pediatric Cancer Incidence —
United States, 2003-2014

Dravid A. Siegel, MDY 2 Juan Li, M, Phis; 5 Jane Henley, M5PH?;, Reda ]. Wilson, MPH2; Marashs Buchanan Lunstord, Thi:
Eric Tad, MDD Elizabeth A, Van Dyne, MDD

Leukemias, myeloproliferative diseases, and myelodysplastic diseases
(Group l), n=44814

B 47.5-55.6 \
B 44.0-47.4

[ 41.0-43.9
[] 37.5-40.9
/1 Data not available

m NATIONAL CANCER INSTITUTE cancer.gov/CCDI

#data4childhoodcancer

8



In utero origins of childhood leukemia £f Initiating lesion
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Germline Mutations in Predisposition Genes in Pediatric Cancer

B Mutation Frequency in 21 Genes, According to Cancer Subtype
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Identification of four novel associations for B-cell

acute lymphoblastic leukaemia risk

Jayaram Vijayakrishnan® "', Maoxiang Qian?3'%, James B. Studd® !, Wenjian Yang?, Ben Kinnersley® ',
Philip J. Law® ", Peter Broderick® , Elizabeth A. Raetz*, James Allan®, Ching-Hon Pui® ®7, Ajay Vora®,
William E. Evans® 2'7, Anthony Moormang, Allen Yeohmf", Wentao Yangz, Chunliang Li® 12,

Claus R. Bartram'3, Charles G. Mullighan@ 6714 Martin Zimmerman'®, Stephen P. Hungerm, Martin Schrapper",

Mary V. Relling?’, Martin Stanulla’®, Mignon L. Loh'®, Richard S. Houlston® ™* & Jun J. Yang® 267+
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History of GWAS in ALL

1st GWAS of
~500
European
children

Replication
of GWAS
hits in
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Themes in the Genetic Architecture of ALL

= Rare, high penetrance variation < 10% of patients

= Several moderately rare germline variants with OR’s of 2-5
in genes of somatic interest (e.g. PAX5, ETV6)

= High common-SNP heritability (~24 %)
= Strong per-allele OR’s
= Most SNPs involved in lymphocyte development

= Most SNPs replicate transethnically with similar effect sizes
despite differing allele frequencies

= Many variants have differing associations with molecularly-
defined subtypes

= Population-specific variants have also emerged

[ X
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Is There Etiologic Heterogeneity between
Subtypes of Childhood Acute Lymphoblastic
Leukemia? A Review of Variation in Risk by
Subtype

Lindsay A. Williams', Jun J. Yang?3, Betsy A. Hirsch®®, Erin L. Marcotte®, and
Logan G. Spector™®
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ACUTE LYMPHOBLASTIC LEUKEMIA

Genome-wide trans-ethnic meta-analysis identifies novel
susceptibility loci for childhood acute lymphoblastic leukemia

Soyoung Jeon (', Adam J. de Smith (', Shaobo Li('?, Minhui Chen', Tsz Fung Chan (', Ivo 5. Muskens', Libby M. Morimoto (3,
Andrew T. DeWan**, Nicholas Mancuso (357, Catherine Metayer (3°, Xiaomei Ma®, Joseph L. Wiemels(®'" and
Charleston W. K. Chiang (3'°*
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A noncoding regulatory variant in IKZF1
increases acute lymphoblastic leukemia risk
in Hispanic/Latino children

Adam J. de Smith,"-23" Lara Wahlster,>*° Soyoung Jeon,"-*? Linda Kachuri,> Susan Black,** Jalen Langie,’-?

Liam D. Cato,®* Nathan Nakatsuka,® Tsz-Fung Chan,-* Guangze Xia,” Soumyaa Mazumder,>* Wenjian Yang,®

Steven Gazal,"-? Celeste Eng,®'° Donglei Hu,” Esteban Gonzalez Burchard,”'° Elad Ziv,” Catherine Metayer,'"
Nicholas Mancuso,’? Jun J. Yang,® Xiaomei Ma,'? Joseph L. Wiemels, - Fulong Yu,*“7.7% Charleston W.K. Chiang,’ >4
and Vijay G. Sankaran®*1415*
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Figure 1. Novel childhood ALL risk locus at IKZF1 is associated with Indigenous American ancestry and demonstrates ancient origins and
positive selection in Hispanic/Latino populations
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\IL/\ The ADMIRAL Study

Admixture analysis of acute lymphoblastic

leukemia in African American children
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K*% The ADMIRAL Study

i\/.\/l Admixture analysis of acute lymphoblastic
\’./ leukemia in African American children

= Markedly lower risk in both sub-Saharan Africa
and African diaspora

= Lower risk robust to control for SES and
perinatal risk factors

= Burden of putative risk factors for ALL mostly fall
more heavily on AA children

= Blood cell parameters differ widely in AA and
have known genetic influences (e.g. Duffy
allele)
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JAMA Oncology | Original Investigation

Association of Genetic Ancestry With the Molecular Subtypes
and Prognosis of Childhood Acute Lymphoblastic Leukemia

Shawn H. R. Lee, MBBS; Federico Antillon-Klussmann, MD; Deqing Pei, MS; Wenjian Yang, PhD;

Kathryn G. Roberts, PhD; Zhenhua Li, PhD; Meenakshi Devidas, PhD; Wentao Yang, PhD; Cesar Najera, BS;
Hai Peng Lin, MBBS; Ah Moy Tan, MBBS; Hany Ariffin, MBBS; Cheng Cheng, PhD; William E. Evans, PharmD;
Stephen P. Hunger, MD; Sima Jeha, MD; Charles G. Mullighan, MD; Mignon L. Loh, MD; Allen E. J. Yeoh, MBBS;
Ching-Hon Pui, MD; Jun J. Yang, PhD
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\IL/\ The ADMIRAL Study

\/ \ Admixture analysis of acute lymphoblastic
.'. leukemia in African American children
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__}i/_,_ Correlation of OR of Known Loci in Jeon et al
with ADMIRAL

\< _‘>/

0Odds ratio from Jeon et al.
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- /]L ORs in 3 GWAS and Effect Allele Frequencies in
< 1000 Genomes
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_ép\ Functional Evidence from Luciferase Reporter Assays
XY (A), Statistical Replication (B), and 3D Genome Data (B)
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/<JI7\ Novel Alleles and Overall Survival for
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caees 122(0)  97(3)  68{4) 4T(6)  34(6) sames 52(0)  41(0) 28(1) 22{(1) 19(1) ases BT (0)  54(3) 39(3) 24(5) 14(5)
voamew 275(0) 214 (29) 155(40) 111(42) 71 (44) v 113 (0) 94 (5) 66 (9) 50 (10) 35(11) caes 153 (0) 116 (21) 87 (28) 59(29) 36 (29)

Hazard ratio (HR) adjusted for sex, genetic ancestry, and trial treatment risk stratification
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—%“; j;é-;— ADMIRAL Conclusions

* Known transethnic variants replicate in AA children
= Remarkably similar magnitudes of association
= PRS less in AA children due to lower allele freqgs
= Partial explanation for lower risk in AA

= Novel loci fit profile

Low allele frequency (<10% )Spelling out all acronyms during the first
instance

Large OR’s
African-ancestry specific

High evidence of function
= Novel variants appear associated with survival
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Childhood Cancer Data Initiative Virtual Symposium Series

llluminating Dark Antigens for
Childhood Cancer Immunotherapy

Yi Xing, Ph.D.
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Targeting Tumor Antigens for Cancer Immunotherapies

Immune checkpoint Adoptive cell therapy
blockade (ICB) (TCR, CAR-T, etc.)

Chimeric antigen
receptor (CAR)

Tumor cell

Pan et al., Trends Pharmacol Sci, 2021
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Immunotherapy & Tumor Antigen Discovery

\.

Schumacher & Schreiber, Science, 2015

m) NATIONAL CANCER INSTITUTE

CD8
z 4%@-:
&N
MHC | TCR

Putative
neoantigen

First-generation tumor antigen discovery
tools
* Focus on somatic mutations

* Use RNA-seq and/or MS proteomics to
confirm expression

Limitations

 Ignore other sources of transcriptomic and
proteomic alterations in cancer cells (e.g.,
alternative splicing, RNA editing, fusion
transcripts)
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RNA Dysregulation in Cancer

Differential splicing between
-A:A- normal versus tumor '-"%-
ES 2 A %
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trans-splicing

2
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Transposable elements S back-splicing
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i |
OV o
po
. Gl DNA hypomethylation @
p
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B — rever Pan et al., Trends Pharmacol Sci, 2021
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RNA Dysregulation May Create Tumor Antigens

m) NATIONAL CANCER INSTITUTE

A -

cell surface
protein

Normal cell
B

tumor
antigen
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Tumor cell
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IRIS: Discovery of Splicing-Derived Inmunotherapy Targets
Using Short-Read RNA-seq Data

Isoform peptides from RNA splicing for rMATS (Shen et al., PNAS, 2014)
Immunotherapy target Screening *

A INPUT D
AS Events Pre-Compiled

JD:"s_loctt)l\cr;r: of mRNA Splice _, %: ..... DA RTS (Zha ng et al . Nature
—:‘D;_ T i (TCGA N=9,932)] (GTEx N=9,024)

Quantification&Indexing of - g — : Meth Ods y 20 1 9)
—— ‘

mRNA Splice Isoforms (2 '
IRIS DB

. RNA-seq Data

Screening of Tumor- Selected AS

In Silico Screening |  Processing of

(]
E |g Associated AS Events @ Reference Panel
S E Normal
] = Reference = H 1
P | I IRIS (Yang et al., bioRxiv, 2019)
° (lg e Recurent AS Events @ PSiBased = "SICBased ang et al. y 10 le,
2 = % Tumor Tumo;Assoclatlon Tumnsr Specificity
o - creen Creen
(7] Icx A Reference . s s
Screening of Tumor- -
u 2 H
6 Specific AS Events @ I“"‘°’ i |
—_— e e — e L — .. _* ................... — Q " w m@
—
o Construction of Splice MS Data (Whole cell/ | 5 - - True False
12 o
c 8 e o oSurfacecmefHLAp) c Differential Test Presence-Absence Test
g9 - § Transiat IRIS 2.0 (Yang et al., PNAS, 2023)
D= [ e ranslation g
i T Construction of Gustomized Annotated Al - "I ’
g Prediction of HLA-binding MS Library with Splice Reading Frames Reading Frames
- E Epitopes (TCR) Isoform Sequences @
25 © IRIS statistical
= b Annotation of programs
o OUTPUT Extracellular Epitopes © MS Library Search
£F | (CAR-T) @ © RIS sequence for CANCER IMMUNOTHERAPY
£ TCR/CAR-T, processing programs ‘
Candidates

L
5

' JOTN

Immuno-Oncology
Translational Network

Targets for TCR-T/CAR-T

CANCER MOONSHOT [
N A :
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Crecuiing [

A Vaccine (Neoantigen-Targeted ppDC) for the Treatment of H3 G34-mutant Diffuse Hemispheric
Glioma

ClinicalTrials.gov ID @ NCT06342908

Sponsor @ Jonsson Comprehensive Cancer Center

Information provided by @ Jonsson Comprehensive Cancer Center (Responsible Party)

Last Update Posted @ 2024-12-09

RNA-seq is Initial
performed on Phase
archived tumor 7 Provided safety criteria
tissue, and data are are met, DCs are
° analyzed using IRIS ° administered gém x3
[ () [ ] ()
Eligibility criteria are reviewed, o Leukapheresis is o
including confirmation of performed, and TRIS-target . .
diagnosis and completion of DCs are manufactured and Primary endpoints
SOC therapy administered g2w x3 Booste observed at 120 days
Phase

Anthony Wang, M.D.
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Cancer-Specific Alternative Splicing Creates Tumor Antigens

2023

IMMUNOLOGY AND INFLAMMATION w' OPEN ACCESS

PNAS oo

IRIS: Discovery of cancer immunotherapy targets arising
from pre-mRNA alternative splicing

2024

nature communications a

Article https:/doi.org/10.1038/541467-024-47649-y

Discovery of immunotherapy targets for
pediatric solid and brain tumors by exon-
level expression

Received: 13 November 2023 Timothy L. Shaw®">", Jessica Wagner®>", Liging Tian®'*",
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Francis H.O'Nell®®, Ching C. Lau®®", Xin Zhou®", Jinghui Zhang ®@“'* &
Stephen Gottschalk @312

Acceptad: 9 April 2024

Published online: 03 Muy 2024

|®|check for updates
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2024

SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

CANCER

Splicing neoantigen discovery with SNAF reveals
shared targets for cancer immunotherapy
Guangyuan Li""?#1, Shweta Mahajan®t, Siyuan Ma?, Erin D. Jeffery®, Xuan Zhang?,

Anukana Bhattacharjee1, Meenakshi Venkatasubramanian'>, Matthew T. Weirauch™%7/%,
EmilyR. Miraldi'*%, H. Leighton Grimes®®, Gloria M. Sheynkman", Tamara TiIburgsB’s*,

2025

Article

Tumour-wide RNA splicing aberrations
generate actionable public neoantigens

https://doi.org/10.1038/s41586-024-08552-0  Darwin W. Kwok', Nicholas O. Stevers', Iiaki Etxeberria?®, Takahide Nejo',

: 1 1 1 i 1
Received: 26 October 2023 Magg[e Colton Cove', Lee H. Chen', Jangham Jung’, Kaori Okada’,

Laksh hetty', Marco Gallus*, Abhilash Barpanda®, Chibo Hong',

Accepted: 19 December 2024 Gary K. L. Chan', Jerry Liu', Samuel H. Wu', Emilio Ramos®, Akane Yamamichi',

Payal B. Watchmaker', Hirokazu Ogino’, Atsuro Saijo’, Aidan Du', Nadia R. Grishanina’®,

Published online: 19 February 2025 James Woo', Aaron Diaz', Shawn L. Hervey-Jumpet!, Susan M. Chang', Joanna J. Phillips'®,

Open access Arun P. Wiita®”®, Christopher A. Klebanoff***=, Joseph F. Costello'™ & Hideho Okada'**=
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Traditional RNA Sequencing

KCNMAT pre-mRNA
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Long-Read Sequencing: Seeing the Whole Picture

« Pacific Biosciences (PacBio)
« Oxford Nanopore Technologies (ONT)

Motor protein

Electric

Nanopore current

Mean signal (pA)

® 0 1 2 3 4 5

Time (seconds)
« (Generate reads > 10 kb

« Directly sequence entire transcript molecules Logsdon et al., Nat. Rev. Genet, 2020
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Robust and Low-Cost Technologies for Long-Read RNA-seq

SCIENCE ADVANCES | RESEARCH ARTICLE

GENETICS

ESPRESSO: Robust discovery and quantification of
transcript isoforms from error-prone long-read RNA-
seq data

Yuan Gao'*#, Feng Wang't, Robert Wang'f, Eric Kutschera', Yang Xu'?, Stephan Xie', Gao et al
Yuanyuan Wang'§, Kathryn E. Kadash-Edmondson’, Lan Lin®4, Yi Xing'-3-5* :

Science Advances (2023)

nature communications 8

Article https://doi.org/10.1038/s41467-023-40083-6

TEQUILA-seq: a versatile and low-cost
method for targeted long-read RNA

sequencing
Received: 3 December 2022 Feng Wang"®, Yang Xu"*®, Robert Wang"?®, Beatrice Zhang®", Noah Smith’,
PrRRR— Amber Notaro', Samantha Gaerlan', Eric Kutschera®’,
ccepted: T July Kathryn E. Kadash-Edmondson', Yi Xing®"3*| | & Lan Lin®3® Wan g et al .

Nature Communications (2023)
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High-definition

Short-read transcriptome Long-read transcriptome long-read transcriptome
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IRIS-long: Isoform peptides from RNA dysregulation for
Immunotherapy target Screening — by long- read RNA-seq

) Transcript Isoform . Candidate Transcript Discovery  Cell Surface Protein Prediction
Discovery and Quantification Tumor-enriched  Tumor-specific . .
transcript transcript —_— ransmembrane
Long-read RNA-seq P P Topology protein
s e s 00000 5] Normal | [ Normal prediction
w w w w w w w w 55 (cPmoxz) i True | False MQAEGRGTGGST \
52 GDADGPGGPGIP
o
lntranlntrnn E 2 v Annotation-based ___ CART
- w rrnl R x inference ' candidates
—r
=
g— Transcript Transcript . -
= Discovery | Quantification Transcript Translation HLA-bound Peptide Prediction
ATGCAGGC DN ———p M
CGAAGGCC ‘M)\ Rm 1) HLAl typing *' *'
aaare | orF Predicted NMD
Pavaval SEGhEE Prediction target transcript ey .
ATGCTGAT ron ~5 e
| I I I GGCCCAGG NG D1y o~
Acaceora ~  2) Peptide binding TCR-T
IO C_I’_CATTCCT TGDM?GP(;GPGIP Peptides predictionto HLA  candidates
ranscript ranslated protein
SO L e sequence sequence
Priority CAR-T Targets Target Prioritization ‘
Prioritize tumor-specific peptides . | Prioritize multi-omics evidenced peptides
- ‘;,@\{" Transcript A [AVAV S “\. .," Short-read i —
= g Gene 1 . N\ RNA-seq data —AEZE—ETH-
=1 : TranscriptZ [FAVAVAN Candidate
S| Priority TCR-T Target T VN i e
riori = a S ranscript A L. Proteomics 5 +
o ty 9 Gene N 0 o . data E . .
*‘ P Transcript Z [WaVaVWaN 3 A e prﬂct:mr:::::se
F Proteome Scan for Peptide Specificity External Dataset Validation Li ngyu Guan
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IRIS-long Predicts an MT1 Isoform as a Melanoma-Specific Antigen

T 4— Alternative first exon (32 extra AAs)
5' I I I II -

Annotated Transcript 2
|
BN |
Novel Transcript 1
N |
= |
Novel Transcript 2

s | HH-i—

Transcript D . Annotated . Annotated . . Novel . . Novel I:l Others

Transcript 1 Transcript 2 anscript 1 anscript 2
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Antoni Ribas
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ATLAS-seq: Aptamer-Based T Lymphocyte
Activity Screening and Sequencing

Droplet generation Oil Droplet incubation

Aptamer-labelled > Dllioptlfet
- collection

T cell CRR D a2 —\ _.-=""/ T cell activation
Antigen ; il

peptide-loaded ® T_ - O" ;

aAPC Oil ':' 2200 "0 -

Cell sorting and sequencing & ... \_IFNy Secretion

scTCR-seq & scRNA-seq Cell sorting ’ Emulsion break

(10X Genomics)

/.Q IFNy e TAO e Cy3 ® |FNy
aptamer Quencher Fluorophore

—» anti-CD28 —fe Antigen peptide + HLA

@
- CcD28 T cell Receptor
nature communications
A/r\ﬁc'lltLAS-seq as a microfluidic smwglreﬂégermEIx;
AR y screen for antigen-reactive TCRs
Siwei Luo  Amber Notaro  Lan Lin Luo et al., Nat. Commun, 2025
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MT1 Isoform Specific TCR Kills Melanoma Cells
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Pediatric High-Grade Gliomas
Are Aggressive Brain and Spinal Cord Tumors

Age of Onset (yrs.) \

: i ; Diffuse pediatric-type : 5 :
Infant-type Diffuse midline glioma, high-grade glioma, Diffuse hemispheric Astrocytoma,
hemispheric glioma H3 K27-altered H3- and IDH-wildtype  glioma, H3 G34-mutant IDH-mutant
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Long-Read RNA-seq of pHGG Subtypes and Diverse Normal Tissues
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pHGG Samples Are Transcriptionally Distinct from Normal Tissues

PC2 (13.1%)

PCA of Gene Expression
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IRIS-long Identifies and Prioritizes pHGG CAR-T and TCR-T Targets

4,606 transcripts

m) NATIONAL CANCER INSTITUTE

S 4,353 coding 4,604 coding and
’°/> proteins NMD-targeted proteins
3
o
®
%
40,) 764 surface 67,127 9-mers
S proteins 34,84410-mers
..
% L+ L]
/}é,)
. 378 9-mers
41 proteins
proter 118 10-mers
CAR-T targets TCR-T targets
cancer.gov/CCDI
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PGT1 Tumor-Specific Alternative Splicing Generates
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Long-Read RNA-seq Based Analysis of Immunopeptidomes

HLA Immunopeptidomics
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PGT2 A*02:01 Epitope Is Expressed Across Multiple Cancers

A*02:01 peptide of PGT2 in A*02:01-positive immunopeptidomes
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Multiomic and Big Data Strategies to
Discover Immunotherapy Targets

Q\ S - RNA polymerase
p Y normal tissue
[ pot
tumor tissue [
CEEXTOYC)
ga‘aoggg - i —
" normal
s transcripts aberrant
T transcripts
Multi-omic profiling of Big data-informed discovery of
tumor and normal tissues cancer immunotherapy targets

m TARGET cpPTAC
"‘QS88ga™

VA

Short-read Long-read
RNA-seq RNA-seq
o0~
~0808.
L_m
Ribo-seq MS-based
proteomics

'

b/ « Accurate RNA sequence characterization
@ —> and quantitation
« Integrative detection of mMRNA translation
and protein expression
m/z

« Characterization of antigen presentation
for immunotherapy

Immunopeptidomics and cell surfaceomics

Pan et al., Trends Pharmacol Sci, 2021
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Advanced Personalized Therapeutics and Precision Surgery Program for
Childhood Cancers
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Q&A
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Join Us For Our Upcoming Events!

Molecular Targeted Therapies Reveal Glioma Cell Plasticity Linked to Immune
Evasion in BRAF-Mutant Brain Tumors

Tuesday, April 14 at 1:00-2:00 p.m. ET

CCDI Pediatric, Adolescent, and Young Adult Rare Cancer Study
Monday, April 27 at 12:00-1:00 p.m. ET

Learn more and register at events.cancer.gov/ccdi/webinar
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How You Can Engage with CCDI

Learn about CCDI and subscribe to our monthly newsletter:
cancer.gov/CCDI

Access CCDI data and resources:
ccdi.cancer.gov

Questions? Email us at:
NCIChildhoodCancerDatalnitiative@mail.nih.gov
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Thank you for attending!
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