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Childhood Eye Cancer Trust (CHECT) Research Grant Final Report (end of grant report)

Please complete all sections of this report and return to petra.maxwell@chect.org.uk. 
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1. Final Report 
Please structure your report as follows:

a. Summary of findings/results/outcomes of this project (with reference to the aims and objectives stated in your original application).
b. If your aims and objectives changed during the course of the project, please explain why and in what way.
c. Any problems or challenges impacting on the findings / results / outcomes of this project. 
d. How will these findings or outcomes impact patients or the public, and in what timescale? Do you foresee any obstacles / barriers to patients benefitting from the research findings?

a. Summary of findings, results and outcomes
The project set out to determine whether cell-free DNA (cfDNA) in aqueous humor (AH) can inform prognosis and disease monitoring in retinoblastoma (RB), using a retrospective cohort of diagnostic and serial AH samples profiled by low-pass whole-genome sequencing. The three aims stated in the original application, and their outcomes, are summarised below.

Aim 3 (achieved; principal output of the award). Can high-risk RB ie. eyes at risk of enucleation be identified through AH tumour fraction (TFx), genomic aberrations, chromosomal instability, or a combination of these features? Diagnostic AH samples from 67 eyes, all collected at examination under anaesthesia before any therapeutic intervention, were profiled; 57 eyes undergoing globe-preserving therapy formed the primary analytical cohort, with outcomes (31 Good Responders, 26 Poor Responders) assigned by an ocular oncologist masked to genomic data. At least one copy-number alteration was detected in 54 of 57 diagnostic samples (95%). Three markers were independently associated with Poor Responder outcome after permutation-based correction for multiple testing: chromosome 16q loss (OR 11.90, adjusted P<0.001), chromosome 1q gain (OR 6.38, adjusted P=0.006) and high tumour fraction, dichotomised at a data-driven threshold of 31.1% (OR 5.90, adjusted P=0.012), whereas AJCC clinical stage reached only trend-level association. In multivariate analysis, a composite High-Risk CNA Score (16q loss and/or 1q gain) and tumour fraction each retained independent significance, and stratifying eyes by these two features produced an ordered four-group gradient in Poor Responder rate from 13.3% (neither feature) to 77.3% (both features; Cochran-Armitage P<0.001). The two-marker molecular model achieved an AUC of 0.792 (95% CI 0.674–0.904); adding AJCC stage did not significantly improve discrimination, indicating that these molecular features carry prognostic information not captured by conventional staging. A manuscript reporting these findings is prepared and will be submitted shortly.

Aim 1 (partially supported by the retrospective cohort). Can TFx in AH at the end of therapy inform prognosis for intraocular RB? In 29 eyes with paired diagnostic and end-of-chemotherapy/IAC samples, tumour fraction fell in 23 of 29 (median 0.19 to 0.02, P=5.7×10⁻⁵), establishing AH TFx as a quantitative measure of treatment response. Residual TFx at the end of chemotherapy/IAC was higher in eyes that subsequently failed (median 0.056 vs 0.002), and 6 of 7 failures showed persistent detectable TFx, but with only 7 evaluable events the confidence intervals include the null. Change-score metrics were uninformative: both groups clear a similar proportion of their tumour fraction and differ in what remains. Residual detectable TFx at the end of chemotherapy/IAC therefore has the potential to identify eyes at elevated risk of subsequent failure, but prospective confirmation is a future goal.

Aim 2 (not supported in the retrospective cohort). Can detectable cfDNA in serial AH liquid biopsies indicate early relapse? Detectable TFx preceded recurrence in 9 of 11 recurring eyes, but approximately two thirds of eyes that never relapsed also had at least one detectable surveillance draw (sensitivity ~0.80 at specificity ~0.34). Aligning eyes at their final draw, recurring eyes were statistically indistinguishable from responders at every preceding timepoint and separated only at the recurrence sample itself, which is concurrent with clinical detection and provides no lead time. By contrast, eyes proceeding to secondary enucleation were separable before any event on every measure of residual disease (e.g., minimum TFx P=0.0003), indicating that failure to achieve molecular clearance, rather than a rise from baseline, is the informative phenotype. This converges with the Aim 1 finding that residual level, not trajectory, carries the prognostic signal.

b. Changes to aims and objectives
The aims themselves were unchanged; two analytical refinements were made. For Aim 1, the prognostic anchor was moved from the end-of-treatment draw to the end-of-chemotherapy/IAC draw. This is because in the retrospective cohort, recurrence was already clinically documented before the end-of-treatment sample in 4 of the 5 evaluable eyes, so that timepoint cannot support a predictive claim; the end-of-chemotherapy/IAC draw precedes the recurrence event in all evaluable eyes. For Aim 3, analysis was performed at the diagnostic timepoint, before any therapeutic intervention, rather than across treatment: this maximises cfDNA yield, reflects intrinsic tumour biology rather than differential treatment response, and is the timepoint at which molecular risk stratification would be clinically actionable.

c. Problems or challenges

(i) Retinoblastoma is rare and event numbers are correspondingly small: the composite failure endpoint for Aims 1 and 2 comprises 16 events across 57 eyes, of which only 7 are evaluable at the end of chemotherapy/IAC, so estimates at that timepoint carry wide confidence intervals; Aim 3, with 26 Poor Responders, is adequately powered for the associations reported. Pooling events across centres, rather than longer single-site follow-up, is the route to resolving the end-of-chemotherapy/IAC question.

(ii) AH sampling is clinically triggered rather than scheduled and is not obtained at every examination — draws cluster around episodes of clinical concern, so sampling density is itself a marker of clinical suspicion and partly confounds any apparent pre-event molecular signal. Scheduled surveillance is more realistically achieved in plasma, which can be drawn at fixed intervals independent of ocular procedures (Section 7).

(iii) All data derive from a single institution operating one treatment protocol; external validation is required, and the growth in referral testing at our centre offers a practical route to it.

(iv) Low-pass whole-genome sequencing resolves copy number and tumour fraction but not sequence-level variation, so RB1 mutation and allelic status cannot be determined with the current assay. Deep whole-genome sequencing of banked AH would recover these in a single assay (Section 7).


d. Impact on patients and the public, timescale, and barriers
The Aim 3 findings have the potential to change how retinoblastoma risk is assessed at diagnosis. Because tumour biopsy is contraindicated in RB, the aqueous humor liquid biopsy provides the first practical route to molecular risk stratification at the time of diagnosis, before any treatment is given. Eyes carrying both adverse features (high tumour fraction plus chromosome 16q loss/1q gain) failed globe-preserving therapy in 77% of cases versus 13% with neither feature - information that could, in time, support personalised, real-time treatment decisions: escalating or altering therapy for eyes at high risk of salvage failure while sparing low-risk eyes unnecessary treatment intensity. The assay is already implemented in a clinical laboratory setting at our centre, so the translational path is short. The principal barriers to patient benefit are (i) external validation of the four-tier risk stratification in an independent, multicentre cohort, including lower-resource centres for which a low-pass approach is well suited, and (ii) prospective confirmation of the end-of-chemotherapy residual disease findings.

2. Plain English summary (please refer to appendix 1). 
Please provide a brief plain English summary of your final report above, including any findings or outcomes, and their potential impact on patients or the public. CHECT (and funding partners) will publish this summary in the public domain to demonstrate how we support research, therefore please do not include any confidential or commercially sensitive information. 
Retinoblastoma is the most common eye cancer in young children. Unlike most cancers, it is not safe to take a biopsy of the tumour, so doctors have never been able to study the tumour’s genetic alterations at the time of diagnosis. Our team uses a “liquid biopsy” instead: a tiny sample of the clear fluid at the front of the eye (called aqueous humor), taken safely during a routine examination, contains fragments of DNA shed by the tumour.

In this project we asked whether this fluid, sampled at diagnosis, could tell us which children have high-risk disease, that is, eyes that are likely to need removal (enucleation) even after eye-saving treatment. We studied diagnostic samples from 67 eyes. Two features stood out: the amount of tumour DNA in the fluid, and particular changes to the chromosomes (loss of part of chromosome 16 and gain of part of chromosome 1). Eyes with both features failed eye-saving therapy in nearly 8 out of 10 cases, while eyes with neither feature failed in only about 1 in 10. These features predicted outcome better than the clinical staging system doctors currently use.

This means we can now potentially identify children at risk of having high-risk retinoblastoma at the time of diagnosis, paving the way for personalised, real-time treatment decisions. In future, children with low-risk features might be spared intensive treatment, while those at high risk could be offered stronger or alternative therapy earlier, potentially saving vision.

Before this can change everyday care, the findings need to be confirmed in a larger group of children, including those treated at other hospitals. We are publishing the work and building international collaborations so that this test can be used with confidence for every child diagnosed with retinoblastoma, wherever they are treated.


3. Publications
Please list all published or accepted papers and abstracts from the work of this grant (journal style) (attach copies where available)

Peer-reviewed papers
1. Yellapantula V, Huang E, Reid M, Xu D, Estrine D, Biegel J, Xu L, Cobrinik D, Berry JL. Clinical implementation of an aqueous humor-derived cfDNA assay identifies prognostic biomarkers for high-risk retinoblastoma at diagnosis. (Manuscript in preparation for submission to Clinical Cancer Research.)
2. Huang E, Sirivolu S, Yellapantula V, Kale P, Kuhn P, Hicks J, Brown B, Paniagua H, Pandya D, Shah R, Berry JL, Xu L. Aqueous Humor Liquid Biopsy Identifies MDM4 Segmental Gain in Retinoblastoma: Implications for Chemotherapy Response and Precision Oncology. JCO Precision Oncology. 2025.
3. Markowitz AL, Munugula C, Christodoulou E, Ji J, Xu L, Cotter JA, Yellapantula V. Genome-wide cfDNA fragmentation patterns in cerebrospinal fluid reflect medulloblastoma groups. NPJ Precision Oncology. 2025;9:280.

Conference abstracts
1. Yellapantula V, Huang E, Xu D, Estrine D, Biegel J, Cobrinik D, Xu L, Berry JL. Clinical implementation of an aqueous humor–derived cfDNA assay (LBSeq4Kids) identifies candidate drivers and prognostic biomarkers of high-risk retinoblastoma at diagnosis. International Society of Ocular Oncology (ISOO) 2026 Annual Conference (oral presentation).
2. Yellapantula V, Huang E, Xu D, Estrine D, Biegel J, Xu L, Berry JL. Clinical implementation of an aqueous humor–derived cfDNA assay (LBSeq4Kids) identifies prognostic biomarkers for high-risk retinoblastoma at diagnosis. Circulating Nucleic Acids in Plasma and Serum (CNAPS) 2025 Annual Conference (oral presentation).
3. Yellapantula V, Christodoulou E, Xu D, Estrine D, Berry JL, Biegel J. Clinical Implementation of Low Pass Whole Genome Sequencing Using Aqueous Humor-Derived cfDNA (LBSeq4Kids) for Retinoblastoma Diagnosis and Monitoring. International Society of Ocular Oncology (ISOO) 2024 Annual Conference (oral presentation).

All manuscripts acknowledge funding support by The Childhood Eye Cancer Trust.


4. Dissemination of results
Please list where and by whom any results/findings have been disseminated (e.g. conferences, workshops, public engagement events)

Results from this project have been disseminated by the lead investigator (V. Yellapantula) and collaborators through oral presentations at three international scientific meetings:
• International Society of Ocular Oncology (ISOO) 2024 Annual Conference — oral presentation on the clinical implementation of the LBSeq4Kids low-pass whole-genome sequencing assay for retinoblastoma diagnosis and monitoring.
• Circulating Nucleic Acids in Plasma and Serum (CNAPS) 2025 Annual Conference — oral presentation of the diagnostic prognostic biomarker findings (Aim 3).
• International Society of Ocular Oncology (ISOO) 2026 Annual Conference — oral presentation of the completed diagnostic risk-stratification analysis.

Findings have additionally been shared with the wider retinoblastoma clinical and research community through the peer-reviewed publications listed in Section 3, and will reach the public domain through the forthcoming primary manuscript and the plain English summary above.


5. Intellectual property (IP)
Please list any IP arising from the research, and whether it is wholly owned by the researcher.


N/A



6. Collaborations
Please list any collaborations which have arisen during or as a result of this research.

The presentation of this work at international meetings has contributed to significant growth in clinical testing of retinoblastoma aqueous humor samples at diagnosis internationally, reflected in the marked increase in clinical testing volumes at our centre from referring institutions. These relationships form the basis of the multicentre validation of the prognostic utility of cfDNA for risk stratification of RB. 


 
7. Future research and funding
Please provide details of any further research/ideas planned and where potential funding will be sourced from as a result of this project

Based on our observations, we plan to pursue deep whole-genome sequencing (approximately 100x) of banked aqueous humor for comprehensive molecular profiling at diagnosis. This will address the shortcomings of the current low-pass whole-genome and deep targeted sequencing approaches by recovering point mutations, allelic status (including copy-neutral loss of heterozygosity at RB1) and structural events in a single assay. As a follow-up, we also plan to develop a monitoring strategy using plasma-derived cfDNA, tracking patient-specific somatic mutations identified in the diagnostic sample. The funding mechanism for this programme has not yet been fully charted; we anticipate approaching disease-focused charitable funders alongside federal funding mechanisms.




8. Any further comments

We are grateful to the Childhood Eye Cancer Trust for supporting this work. The award has enabled the principal analysis to be completed, presented at three international meetings, and prepared for publication, and has laid the groundwork for the multicentre validation phase of this research.


	Report completed by:

	Venkata Yellapantula, PhD
	Date of report:
	22 August 2026





Appendix 1: Writing a plain English summary in your Childhood Eye Cancer Trust (CHECT) final report [endnoteRef:1] [1:  Based on the NIHR guidance available at https://www.nihr.ac.uk/about-us/CCF/PPI/Plain_English_summaries_in_National_Institute_for_Health_Research_funded_research.pdf 
] 


A plain English summary is a clear explanation of your research that should be accessible by an interested audience.


Your final report will be reviewed by experts on the CHECT Scientific Advisory Committee but also by lay members of the SAC and CHECT Board members who are not scientific experts. It will also be accessible through the CHECT website.
A good quality plain English summary providing an easy to read overview of your whole study will help: 
· those carrying out the review (reviewers and Board and panel members) to have a better understanding of your research 
· inform others about your research such as those affected by retinoblastoma (Rb), members of the public, health professionals, policy makers and the media 
· research funders to publicise the research that they fund. 
The summary is important. If it is felt that your plain English summary is not clear and of a good quality then you may be required to amend your summary prior to the final closure of the project. 


What to include in your plain English summary 
Your plain English summary should be 300 words or less. When writing the summary consider including the following information: 
· Aim(s) of the research 
· Findings or outcomes 
· Potential impact on Rb individuals and families

How to write a plain English summary 

The people who will read your summary will be an interested audience, but are not necessarily specialists. Therefore write your summary with this audience in mind, for example at the same level as an article in a newspaper.

There are a few simple rules for writing in plain English. In summary these are: 








· Avoid wherever possible using jargon, abbreviations and technical terms. If you have to use them provide a clear explanation 
· Avoid complicated English or uncommon words 
· Use active not passive phrases: for example say ‘we will do it’ rather than ‘it will be done by us’ 
· Keep sentences short 
· Think about the order and structure 
· Break up the text. For example use bullet lists 
· Ask patients / carers / colleagues to read a draft to find out if anything is unclear. 


The plain English summary is not the same as a scientific abstract. Please do not cut and paste this or other sections of your final report to create the plain English summary. Further guidance on plain English summaries for research is available at:
· www.amrc.org.uk/blog/how-to-write-a-lay-summary-of-a-research-project

· www.cancerresearchuk.org/funding-for-researchers/patient-involvement-toolkit-for-researchers/planning-your-patient-involvement/writing-for-a-lay-audience
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