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Clinical Background
and Challenges

Retinoblastoma as a cancer biology model
and the unmet needs in patient caret
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Retinoblastoma (RB): A Childhood Eye Cancer

= Rare tumor: ~1 in 15-20,000 live births
worldwide

(‘/

= Presents in infants/toddlers, median i ‘:‘5 ] 3

age ~18 months Photos courtesy of Dr. Jerry A. Shields, Wills Eye Hospital

=
o

Cumulative Survival of Retinoblastoma Patients Based on National Income Level

= Can happen in one eye (~60%) or both
(~40%)

= Today: ~98% survival in high-income
countries

= Major ongoing challenges: global equity
& vision/eye preservation

36 a8 60 72 84
Months From Diagnosis

Numbers at risk

Tomar et al., Ophthalmology 2021
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RB as a Foundational Cancer Model

One of the most intensively studied
cancers

Knudson’s 1971 two-hit hypothesis
— tumors arise after both alleles of a
tumor suppressor gene are inactivated
(cornerstone of cancer genetics)

RB1 = first tumor suppressor gene
identified

PRB — key regulator of the cell cycle
clock in all vertebrate cells

Framework from RB now underpins
cancer genetics across oncology

cancer.gov/CCDI

raction of cases not yet
diagnosed at age indicated

Developing
retina

* Early age
* Multiple
* Bilateral

retina

Developing
retina
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* Later age
*Single
* Unilateral

Retinoblastoma 2017
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The Paradox of Treatment

Evolution of Treatment

Laser/Thermotherapy

Cryotherapy

Brachytherapy

Chemotherapy

/ %
R

1850 1900 1950 2000 2010 2024
Vishal et al., Clinical Ophthalmic Oncology
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Cumulative Proportion of Salvaged RB eyes

1007 Income Group
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Numbers at risk Months From Diagnosis
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uMic 682 264 125 57 21 8
MIC 259 140 102 60 25 1

Tomar et al., Ophthalmology 2021

#datadchildhoodcancer



The Knowledge — Care Gap in RB

Decades of RB biology discoveries — minimal direct benefit for
patients

Still no molecular tools to guide diagnosis, risk stratification, or therapy

Precision oncology has transformed many cancers... but not RB

It is the only solid tumor where there is a global, across-the-board
prohibition of biopsy, written into all guidelines
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Public Data Banks: All From Enucleated Eyes

Public Databases
B cBicFortal
I cosmic
B @capP
B oo

Mitelman
I nCBIGEO (GDS2530)

NCBI GEO (GSE58781)
B ncCBI GEO (GSE58783)
B st Jude Cloud Genomic Platform
[ st Jude Cloud PeCan

Public Database Type of Data Number of Samples

Mutations, CNA, Structural 95 patients, 97 samples

cBioPortal for Cancer
Genomics

St. Jude Cloud Genomic
Platform

St. Jude Cloud PeCan

Mitelman

COSMIC

NCBI GEO (Dataset:
GSE58783)

NCBI GEO (Dataset:
GSE58781)

NCBI GEO (Dataset:
GDS2530)

dbGaP
LOVD

Variants
RNAseq, WGS, WES

Variants, mutational
signatures, expression,
histology

Copy Number data
Overview of mutations

Methylation arrays

SNP array

Transcriptome of tumors
with LOH of 16q

WGS, RNAseq, SNP array

Variants

193 samples

339 samples, 256 subjects

130 samples
126 samples

74 samples

94 samples

12 samples

9, 4, 91 samples

67 samples

How can we safely access tumor-genomics from /In Vivo RB?
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Discovery

Identifying aqueous humor as a novel source of
tumor-derived cfDNA
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The Hypothesis: Aqueous Humor (AH) is Ideal Ocular LBx Platform

= AH as a Proximal Fluid = AH as a Pure Source

INNER BARRIER

(endothelial membrane of the retinal vessels ) BLOOD-RETINAL

OUTER BARRIER BARRIER
(RETINAL PIGMENT EPITHELIUM)

N

>

%,
y'> 2@
y
°

/| BLOOD- AQUEOUS
BARRIER

IRIS VESSELS |
SCHLEMM's | CILIARY BODY

CANAL (nonpigmented epithelium)
(endothelium)
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Aqueous Paracentesis

Jesse L. Berry, MD.

Aqueous Humor

Cornea /r ki gy
: Laser/Thermotherapy
A

) | Cryotherapy

Ciliary Body 222 )0 el SN
P | LY S Brachytherapy

~ Chemotherapy

Choroid
RPE

Vitreous Humor

fm—— Reting

Velez et al. Translational Vision Sci. & Tech®

= ~ 50 years practice

= Every trained ophthalmologist

1850 1900 1950 2000 2010 2024
Vishal et al., Clinical Ophthalmic Oncology

Intravitreal chemotherapy

cancer.gov/CCDI #data4childhoodcancer
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" Proof of Concept e

Primary enucleation (PE)
® Secondary enucleation (ES)

® Salvaged (SV)

= Highly recurrent RB-related somatic copy number
alterations (SCNAs RB-SCNAs) (1g,2p,6p gains;
139,169 loss and a focal MYCN amp on 2p).

= We identified tumor-derived cfDNA in the AH with
RB-SCNAs.

Copy number

J
f |L JAMA Ophthalmology | Original Investigation
T}L T ?"Qa“q W“‘j mﬂ"‘ﬂ Aqueous Humor as a Surrogate Tumor Biopsy for

] Retinoblastoma
PR 2 T X Y
Chromosome
Case 3, AH1 Case 3, AH3 — Case2
~Case3, AH2 - Cased AH4 Case 1
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We Treaf Kids Befter

Proof of Concept

s
Rish Prabakar, Ph.D.
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=  11/13 with >90% concordance
= 2 cases with 85% concordance with multiple tumors

Ratio to median
05 1.0 !

Ratio to median
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3
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Berry et al., Mol. Cancer Res., 2018
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Proof of Concept

7
Rish Prabakar, Ph.D.
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Berry et al., Mol. Cancer Res., 2018
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Molecular Insights

Genomic and methylation landscapes revealed
through aqueous humor liquid biopsy
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Chr6p Gain as Prognostic Biomarker
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Berry et al., & Xu et al., Mal. Cancer Res., 2018, 2020

6p gain was associated with a 10x increased odds of enucleation (OR 10, 95% CI: 1.8-55.6)
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Eye Specific AH Profiling is Necessary

Xiaowu Gai, Ph.D. Elyssa Wong, M.D.

C Chromosome 13
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Case Report | Open Access ‘ Published: 27 July 2021 e o | - S =
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Inter-eye genomic heterogeneity in bilateral c.1981C>T c1215+1G>A
retinoblastoma via aqueous humor liquid biopsy 0D, AH —
Elyssa Y. Wong, Liya Xu, Lishuang Shen, Mary E. Kim, Ashley Polski, Rishvanth K. Prabakar, Rachana ] il -
Shah, Rima Jubran, Jonathan W. Kim, Jaclyn A. Biegel, Xiaowu Gai, Peter Kuhn, James Hicks & Jesse L. i 21 = i 21 .I |
Berry & I B B | e P § 2| e e i
g | i 1 i ¥ |
npj Precision Oncology 5, Article number: 73 (2021) | Cite this article 27 21
T 3 o405 e v eswmmn woww = v B e B o e e U R R )
Cironcsone Crvomsscme

Wong et al., NPJ Precis. Oncol. 2021
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" Tumor Fractions (TFx) for Longitudinal Monitoring

)
Ashley Polski, M.D.
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AH methylation pattern for RB subtyping

Hongtao Li, Ph.D.
A , USC Urology USC Urology
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Diagnostic Aqueous Humor Sampling

Primary enUCIGation (PE) Laura Kagami, M.D.  Venkata Ylapantula, Ph.D.
O- ® Secondary enucleation (ES)
-
Salvaged (SV)
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Diagnostic AH Genomics For Risk Stratification

Venkata Yellapantula, Ph.D.

Progressed (n=12)
Regressed (n=31)
Slow Responder ( n=14)

1 2 3 4 5 6 y§ 8 9 10 n 12 13 14 15 16 17 18 19 20 21 22
Chromosome

Univariate Marker Association (Firth's OR + Permutation P)

Marker OR (95% Cl)  Adj P (Perm)
chr16q- —&—— 9.60 (2.91 - 37.60) 0.001 . .

| -
chrig+ ——=——  6.10(1.98-21.33) 0.017 16q ’ 1 q+’ 6p++’ hlgh TFX 9 hlgh
chrtps —m—— 604(170-2675) 0035 odds of treatment failure
TFx (High vs Low) — 5.32 (1.80-17.18) 0.022
crirar, Tt srasemm 0o = AH genomics at diagnosis provides
chrig++ — - — — 442 (1.21-19.75) 0.159 . o, .
AJCC Stage (High vs Low) — m 328(082-1443) 0543 actionable prognOStIC information
chr2p++ —_— 3.02 (0.66 - 18.11) 0.868
chr2p+ — 2.80(0.99 - 8.32) 0.394
chrép+ —— = 1.96 (0.69 - 5.76) 0.898
chr17p- —a— 1.23(0.32 - 4.70) 1.000

0.10 050 1.0 20 500 2000
Odds Ratio (log scale)
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We Treat Kids Better

MDM4 Segmental Gain Associated with Melphalan Resistance

]

Elain Huang, M.D. Candidate

intravitreal melphalan +
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Huang et al., JCO Precision Oncology 2025
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Translational Potential and Future
Directions

From molecular discovery to clinical application
with LBSeq4Kids

m) NATIONAL CANCER INSTITUTE cancer.gov/CCDI #data4childhoodcancer 24



RB Eye AH Paracentesis Safely

—— ~2.5mm

matchstick

— 0.312mm
30-gauge needle

0.235mm
32-gauge needle

-_— upto 0.2mm

single human hair

Safety Assessment of Aqueous Humor Liquid Biopsy
in Retinoblastoma: A Multicenter Study of 1203
Procedures

Douglas Chigane 1, Drishti Pandya !, Muskaan Singh 2, Brianne Brown 1, Michelle Lin 7,

Liya Xu 2, Andrew W Stacey 4, Alyssa C Bonnell 4, G Baker Hubbard 3rd 5, Hans Grossniklaus 5,
Alison H Skalet &, Kellyn N Bellsmith €, Sara E Lally 7, Margarida Sim&o-Rafael &,

Cristina Jou Mufioz 8, Jaume Catal3-Mora 8, Denis Malaise 2, Livia Lumbroso-Le Rouic 2,
Alexandre Matet 19, Guillermo L Chantada €, Nathalie Cassoux 1%, Carol L Shields 7,
Jesse L Berry 1

Conclusions: Agueous humor liquid biopsy via anterior chamber paracentesis is a safe and well-
tolerated procedure in pediatric patients with retinoblastoma when performed by trained ocular
surgeons under general anesthesia. This large-scale analysis supports the procedure's use as a
minimally invasive diagnostic tool with minimal risk, providing valuable molecular insights for
retinoblastoma management. These findings offer reassurance to clinicians and parents regarding
the safety of AH liquid biopsy for retinoblastoma.

Chigane et al., Ophthalmology 2025

m NATIONAL CANCER INSTITUTE cancer.gov/CCDI

Subconjunctival hemorrhage

Conjunctival hyperemia

Air bubble in anterior chamber

Self limited iris incarceration

Small self limited Descemet’s tear

Corneal abrasion with no needed intervention
Mycrohyphema

Conjunctivitis

Allergy to surface sterilizers

Ocular hypotony

Keratitis

Visual significant corneal scarring
Descemet’s membrane tear requiring intervention
Peripheral located corneal abscess
Iris trauma

Iritis

Iris incarceration

Anterior chamber fibrin formation
Self limited hyphema

Cataract with no precluded view

AH leak at paracentesis site

Complicated corneal abscess
Hypopyon

Complete hyphema
Endophthalmitis

Suprachoroidal hemorrhage
Violation of the lens capsule
Cataract precluding fundus view

Tumor spread
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CLIA-LDT
LBseg4Kids

Children’s Hospital Los Angeles

Alexander R. Judkins, MD

Department of Pathology & Laboratory Medicine
Pathologis t—in-Chief and Laboratory Director
Phone: 323.361.2423, 877.543.9522

Fax: 323.361.6157

CLIA Number: 0502097680

CAP Number: 9277593

California State License CDF-00347990

Children’s
Hospltol
LOS ANGELES!

CPM Liquid Biopsy (LBSeq4Kids) test requisition

1. Sample collection and processing

a) Aqueous humor collection

b) cfDNA extraction

m NATIONAL CANCER INSTITUTE

2. Library preparation for Low-Pass Whole Genome Sequencing
B I W:DIE[ [ il T
]DI-_J_LLLI- :]m.. mm Bl " : :
c) Low-Pass Whole Genome
a) Library preparation with UMIs b) Library amplification Sequencing (3.5x)
3. Library hybridization for Targeted-Sequencing
RB1 stop-gain variant
.\ITr mm- g c.1723C>T i 5
IO o
%,
1T T T
a) Hybridize capture probes b) Streptavidin bead binding ¢) Targeted Sequencing (1000x)
cancer.gov/CCDI

Ship To:

Department of Pathology and Laboratory Medicine
Children’s Hospital Los Angeles

4650 Sunset Blvd.

Duque Bldg., 2nd Floor, Room 2-290

Los Angeles, CA90027

Jaclyn Biegel, Ph.D.

» .  Tumor Fiestiors B A6, Plaidy: 2,00

Gain ' .y e R ; Cw
Neutral} s #ysifpied isabiait™s e APl iy WP By
loss £ 5y wo .

=T —=
RB1 variant KIAA1549::BRAF fusion
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Diagnosis | wusmieioes

AH samples = 147

Eyes =75 — ]
Patients = 60
RB non-RB
AH samples = 123 e AH :ample.;; 24
Eyes =53 yes =
Patients = 41 Patients = 19
Excluded
AH samples = 3
Eyes =2
Patients = 2
issi PseudoRB Malignant
AH samples =36 AH samples = 4 AH samples = 17 AH samples =14 | | AH samples = 10
Eyes =36 Eyes=4 Eyes=13 Eyes =14 Eyes=8
Patients = 28 Patients = 4 Patients = 12 Patients = 13 Patients = 6
CNA Detected CNA Detected CNA Detected CNA Detected CNA Detected
34/36 = 94% 4/4=100% 0/17=0% 0/14=0% 5/10 = 50%
Serial Sampling
AH samples =102
Eyes =33
Patients = 26
Partial CNA
CNA Clearance Persistent CNAs Clearance CNA Negative
AH samples = 61 AH samples = 22 AH samples = 11 AH samples = 8
Eyes =20 Eyes =6 Eyes =3 E)_res = :1
Patients =15 Patients = 5 Patients = 3 Patients = 3

m NATIONAL CANCER INSTITUTE

Patients Eyes s AH CNA detected
amples
Retinoblastoma
Diagnosis 28 36 36 34/36 = 94%
Recurrence 4 4 4 4/4 = 100%
In remission 12 13 17 0/17 = 0%
Active disease 22 30 63 39/63 = 62%

= Accurately distinguishes active RB from remission
or benign disease

= Molecular confirmation supports timely treatment
decisions

= Non-invasive testing could spare non-RB eyes
from unnecessary enucleation.

cancer.gov/CCDI #datadchildhoodcancer 27



Prognosis/Risk Stratification — In Development

Genome-Wide CNV Profile (Mean logR) - Autosomes Only

— Progressed (n=12) — Regressed (n=31) — Siow (n=14)

5° 8§ _
= Goal: Identify molecular markers
predicting progression, regression, or
o 71T T e treatment response.
= Major challenge: treatment
"1 17 heterogeneity and lack of
. standardized NCCN guidelines
5 5- = Require multi-center collaboration to
22 unify data across treatment settings
{2z 3 4 5 6 7 8 st m 5 oW @ v
Chromosome
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International RB AH Consortium

Jesse L. Berry, M.D.

= Fully Executed: Sample +
Data: 7 US + 1 Canada

= Fully Executed: Data
Sharing:13 European Sites

= Pending Activation:
Sample + Data: 4 US + 1 Q cHLa
International (India)

= Pending Center Start Up:
22 centers

Q Participating
institute
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Closing

RB is the cancer we cannot biopsy, but AH liquid biopsy changes that.

We now have a safe, validated, CLIA-certified platform to access in vivo
tumor biology.

We are finally connecting RB genomics to real-time treatment decisions,
something impossible for 150 years.

And now, with an expanding international consortium, we have the scale
needed to build true prognostic and predictive models.

CCDil is the bridge that can help us share these data safely, responsibly,
and equitably, so no child with RB is left behind, anywhere in the world.
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Q&A
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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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