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Clinical Background

and Challenges
Retinoblastoma as a cancer biology model

and the unmet needs in patient caret 

cancer.gov/CCDI #data4childhoodcancer
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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 

age ~18 months

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

(~40%)

▪ Today: ~98% survival in high-income 

countries

▪ Major ongoing challenges: global equity 

& vision/eye preservation

Photos courtesy of Dr. Jerry A. Shields, Wills Eye Hospital

Retinoblastoma 2017

Tomar et al., Ophthalmology 2021
cancer.gov/CCDI #data4childhoodcancer
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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

Knudson et al., PNAS 1971

Cobrinik  NEJM 2024

Retinoblastoma 2017
cancer.gov/CCDI #data4childhoodcancer
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The Paradox of Treatment

Tomar et al., Ophthalmology 2021Vishal et al., Clinical Ophthalmic Oncology

Cumulative Proportion of Salvaged RB eyesEvolution of Treatment

cancer.gov/CCDI #data4childhoodcancer
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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

cancer.gov/CCDI #data4childhoodcancer
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Public Data Banks: All From Enucleated Eyes

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

cancer.gov/CCDI #data4childhoodcancer
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Discovery
Identifying aqueous humor as a novel source of 

tumor-derived cfDNA

cancer.gov/CCDI #data4childhoodcancer
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The Hypothesis: Aqueous Humor (AH) is Ideal Ocular LBx Platform 

▪ AH as a Proximal Fluid ▪ AH as a Pure Source

cancer.gov/CCDI #data4childhoodcancer
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Aqueous Paracentesis

▪ ~ 50 years practice

▪ Every trained ophthalmologist 

Velez et al. Translational Vision Sci. & Tech. 2018

Vishal et al., Clinical Ophthalmic Oncology

Intravitreal chemotherapy

Jesse L. Berry, M.D.

cancer.gov/CCDI #data4childhoodcancer
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Proof of Concept

Primary enucleation (PE)

Secondary enucleation (ES)

Salvaged (SV)

▪ Highly recurrent RB-related somatic copy number 

alterations (SCNAs RB-SCNAs) (1q,2p,6p gains; 

13q,16q loss and a focal MYCN amp on 2p). 

▪ We identified tumor-derived cfDNA in the AH with 

RB-SCNAs.  

cancer.gov/CCDI #data4childhoodcancer
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Proof of Concept

▪ 11/13 with >90% concordance
▪ 2 cases with 85% concordance with multiple tumors

Berry et al., Mol. Cancer Res., 2018 

Rish Prabakar, Ph.D.

cancer.gov/CCDI #data4childhoodcancer
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Proof of Concept

Berry et al., Mol. Cancer Res., 2018 

Rish Prabakar, Ph.D.

cancer.gov/CCDI #data4childhoodcancer
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Molecular Insights
Genomic and methylation landscapes revealed 

through aqueous humor liquid biopsy

cancer.gov/CCDI #data4childhoodcancer
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Chr6p Gain as Prognostic Biomarker

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

Rish Prabakar, Ph.D.Ashley Polski, M.D. 

Berry et al., & Xu et al., Mol. Cancer Res., 2018, 2020 

cancer.gov/CCDI #data4childhoodcancer
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Eye Specific AH Profiling is Necessary

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

Wong et al., NPJ Precis. Oncol. 2021
cancer.gov/CCDI #data4childhoodcancer
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Tumor Fractions (TFx) for Longitudinal Monitoring

Ashley Polski, M.D.

Polski et al., TVST 2020

cancer.gov/CCDI #data4childhoodcancer
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AH methylation pattern for RB subtyping

Li et al., Nature Communication 2022

Gangning Liang, Ph.D.

USC Urology
Hongtao Li, Ph.D.

USC Urology

cancer.gov/CCDI #data4childhoodcancer
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Laura Kagami, M.D.Primary enucleation (PE)

Secondary enucleation (ES)

Salvaged (SV)

Venkata Yellapantula, Ph.D. 

Diagnostic Aqueous Humor Sampling

cancer.gov/CCDI #data4childhoodcancer
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Venkata Yellapantula, Ph.D. 

Progressed (n=12)

Regressed (n=31)

Slow Responder ( n=14)

▪ 16q-, 1q+, 6p++, high TFx → high 

odds of treatment failure

▪ AH genomics at diagnosis provides 

actionable prognostic information

Diagnostic AH Genomics For Risk Stratification

cancer.gov/CCDI #data4childhoodcancer
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Elain Huang, M.D. Candidate

Huang et al., JCO Precision Oncology 2025

MDM4 Segmental Gain Associated with Melphalan Resistance

cancer.gov/CCDI #data4childhoodcancer
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Translational Potential and Future 

Directions
From molecular discovery to clinical application 

with LBSeq4Kids

cancer.gov/CCDI #data4childhoodcancer
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RB Eye AH Paracentesis Safely

Chigane et al., Ophthalmology 2025

cancer.gov/CCDI #data4childhoodcancer
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CLIA-LDT
LBseq4Kids

Jesse L. Berry, M.D.

Jaclyn Biegel, Ph.D.

cancer.gov/CCDI #data4childhoodcancer
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▪ 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.

Diagnosis

cancer.gov/CCDI #data4childhoodcancer
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Prognosis/Risk Stratification – In Development

▪ Goal: Identify molecular markers 

predicting progression, regression, or 

treatment response.

▪ Major challenge: treatment 

heterogeneity and lack of 

standardized NCCN guidelines

▪ Require multi-center collaboration to 

unify data across treatment settings

cancer.gov/CCDI #data4childhoodcancer
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International RB AH Consortium

▪ Fully Executed:  Sample + 

Data: 7 US + 1 Canada

▪ Fully Executed: Data 

Sharing:13 European Sites

▪ Pending Activation: 

Sample + Data: 4 US + 1 

International (India)

▪ Pending Center Start Up: 

22 centers 

Jesse L. Berry, M.D.

cancer.gov/CCDI #data4childhoodcancer
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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.

▪ CCDI 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.

cancer.gov/CCDI #data4childhoodcancer
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Q&A

cancer.gov/CCDI #data4childhoodcancer
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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:

NCIChildhoodCancerDataInitiative@mail.nih.gov

cancer.gov/CCDI #data4childhoodcancer
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Thank you for attending!
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