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• Biology
• Biomarkers -> Medicines

• Medicines Access
• Access to Diagnostics
• Federated Data



Culhane Research Lab 

Computational 
Clinical Oncology

Cancer Data Types:
• Genetics and Genomics
• Single Cell /Spatial Biology 
• Digital Pathology / H&E 

images 
• Real world data 

Tools:
- Methods: Advanced Biostatistics & AI
- Methods: Secure, Federated, Multi-modal

- Curate Data & Build Databases
- Contribute & Develop Data Standards
- Manage Research Data

- High quality Software Development
- Open-Source Software Governance 



Biology & 
Biomarkers



Oncology is 
multicellular

To develop 

medicines we 

need to 

understand cell to 

cell communication

Video  from Sirka, O.K., Shamir, E.R., Ewald, A.J., 2018. Journal of Cell Biology 217, 3368–3381. 



Creating a multi-layer digital map

Revolutionizing biology – studies & article supplements will be in a unified digital framework (with time) 



Spatial & Single Cell Predictors of Response to 
immune therapies in oncology

• Wang Y, Cho JW, Kastrunes G, Buck A, Razimbaud C, Culhane AC, Sun J, 
Braun DA, Choueiri TK, Wu CJ, Jones K, Nguyen QD, Zhu Z, Wei K, Zhu Q, 
Signoretti S, Freeman GJ, Hemberg M, Marasco WA. Immune-restoring 
CAR-T cells display antitumor activity and reverse immunosuppressive 
TME in a humanized ccRCC mouse model. iScience. 2024 Jan 
15;27(2):108879. 

• Wang Y, Buck A, Grimaud M, Culhane AC, Kodangattil S, Razimbaud C, 
Bonal DM, Nguyen QD, Zhu Z, Wei K, O'Donnell ML, Huang Y, Signoretti 
S, Choueiri TK, Freeman GJ, Zhu Q, Marasco WA. Anti-CAIX BBζ CAR4/8 
T cells exhibit superior efficacy in a ccRCC mouse model. Mol Ther
Oncolytics. 2021 Dec 31;24:385-399. 

• Lynch MP, Wang Y, Ho Sui S, Gatto L, Culhane AC. demuxSNP: 
supervised demultiplexing single-cell RNA sequencing using cell hashing 
and SNPs. Gigascience. 2024 Jan 2;13:giae090. 

• Hsu LL, Culhane AC. Correspondence analysis for dimension reduction, 
batch integration, and visualization of single-cell RNA-seq data. Sci Rep. 
2023 Jan 21;13(1):1197. 

• Sheffer, M., Lowry, E., Beelen, N. et al. Genome-scale screens identify 
factors regulating tumor cell responses to natural killer cells. Nat 
Genet 53, 1196–1206 (2021). https://doi.org/10.1038/s41588-021-
00889-w



Research -> More molecularly targeted 
cancer therapies 

Scott, E.C., Baines, A.C., Gong, Y. et al. Trends in the approval of cancer therapies by the FDA in the twenty-first century. Nat Rev Drug Discov 22, 625–640 (2023). 
https://doi.org/10.1038/s41573-023-00723-4
Suehnholz et al., (2024) Quantifying the Expanding Landscape of Clinical Actionability for Patients with Cancer. Cancer Discov. 2024 Jan 12;14(1):49-65. doi: 
10.1158/2159-8290.CD-23-0467. PMID: 37849038; PMCID: PMC10784742.

Oncology therapeutic 
indication approvals 
(since 2000)

573 
oncology indications
granted for 206 distinct 
oncology products 

50 - cytotoxic drugs
277  -targeted drugs 
246 - targeted biologics

https://doi.org/10.1038/s41573-023-00723-4
https://doi.org/10.1038/s41573-023-00723-4
https://doi.org/10.1038/s41573-023-00723-4
https://doi.org/10.1038/s41573-023-00723-4
https://doi.org/10.1038/s41573-023-00723-4
https://doi.org/10.1038/s41573-023-00723-4
https://doi.org/10.1038/s41573-023-00723-4
https://www.nature.com/articles/s41573-023-00723-4#Glos4


Precision oncology is rapidly reshaping cancer 
care. However, the current trajectory of drug 
development in oncology results in a paradox: if 
patients cannot access advanced diagnostics, we 
may be developing drugs that will reach few 
patients.”

Mateo, J., Steuten, L., Aftimos, P. et al. Delivering precision oncology to patients with cancer. Nat Med 28, 
658–665 (2022). https://doi.org/10.1038/s41591-022-01717-2



Medicines 
Access



An EU & Irish knowledge base- leveraging USA experience

Brendan Reardon Eliezer Van Allen

https://moAlmanac.org

Reardon, B., Culhane, A.C. & Van Allen, E.M. Convergence of machine learning 
and genomics for precision oncology. Nat Rev Cancer (2026). 
https://doi.org/10.1038/s41568-025-00897-6
Reardon, B., Camp, S. Y., O'Mahoney, G., Vergara, M., Lawler, M., Van Allen, E. 
M., & Culhane, A. C. (2026). A standard operating procedure to enable global, 
regionally-guided precision oncology knowledge bases. Genome Medicine 
(submitted) Preprint https://doi.org/10.5281/zenodo.18186568.
Reardon B, Flannery C,. Karam J, Lynch M, Meli K, Pappa T, Park J,, Saad 
E, Shady M, Vergara M, Van Allen EM, Culhane AC . 86P Making the precision 
oncology landscape of Europe and the Republic of Ireland programmatically 
accessible Annals of Oncology, Volume 35, S248

https://brendanreardon.com/
https://doi.org/10.5281/zenodo.18186568


Curated Drug –Gene Indications

Semantically reviewed 
thousands of 
documents to extract 
all gene-drug oncology 
indication in EMA and 
Irish Healthcare

Brendan Reardon 



https://ie.moalmanac.org/ Brendan Reardon 



Ireland – HTA Approvals
● 65% of EMA approved indications 

with molecularly targeted  
indication are approved. 

● Only 1 in 4 new oncology 
medicines EMA approved by (since 
2020) are currently reimbursed in 
Ireland’s public system

● Irish patients wait around 644 days 
(nearly 21 months) after EMA 
approval for new cancer medicines 
to become publicly available.

● Reasons for the delay? 

Cancer Patients Left Behind in Two-Tier System

“Increasingly, the first thing I ask a cancer patient is, ‘Do 

you have health insurance?’ … Private patients have 

swift access to EMA-approved anti-cancer drugs. But 

public patients must wait … on average two years to 

find out whether they will gain access to the same 

treatment.”

— Dr. Michael McCarthy, Consultant 

Oncologist, University Hospital Galway.                                                                                      



> 80% of new cancer 
medicines have a 
molecular target

Do we have national 
‘omics incidence data ?



Medicine indication

Bevacizumab, in combination with erlotinib, is 
indicated for first-line treatment of adult
patients with unresectable, advanced, 
metastatic or recurrent non-squamous non-
small cell lung cancer with Epidermal Growth 
Factor Receptor (EGFR) activating mutations.



Challenges
(1) Each medication stipulates multiple eligibility 

criteria patients and presence of the genetic 
target

(2) Incidence of cancer genomics variants maybe 
regionally or demographically heterogenous 

(3) Ireland has no cancer database of genetic 
variants  

(4) Cancer registry doesn’t capture recurrence data



Prevalence of 

Variant in 

Cancer Type in 

International

studies

AACR GENIE

Number of Irish 

Patients 

Satisfying 

Clinical Eligibility

National Cancer 

Registry Ireland

Number of 

Patients with 

Potential for 

Treatment with 

the Targeted 

Oncology 

Medication in 

Ireland

Estimating Irish Patient Numbers



Variants by Patient 
Numbers

Biomarkers Tests for medicines of 
common cancers were largely available 

(green – test available, red – test not 
listed in test directory)

Variants by
prevalence 



Gaps in Genomic Testing
• Significant differences were identified in variant prevalence 

based on patient demographics, cancer subtype and survival
• Genomics diagnostics  gaps -> incidence not available 
• Of the top 20 most frequent variants by prevalence within 

specific cancer types, 11 variants are not listed in the current 
National Test Directory

• Cancer-specific genetic panels may offer a more resource-
efficient alternative to pan-cancer testing

• Especially important for rare disease, where more medicines 
and tests were unavailable



Federated 
Data & RWE



EHDS: Secondary Data Access

Real World 

Health  Data

Patient Access

Secondary 

Use

Research 

Access

Primary 

Use as 

part of 

care



Mark Lawler (QUB)

Aedin Culhane (UL)

eHealth Hub For Cancer – 8 clinical, 7 academic sites



Compute
Access, Exchange & Compute on sensitive data

Data
Sustain core data resources

Interoperability
Integration and interoperability of data and services.

Tools
Services & connectors to drive access and exploitation

Training
Professional skills for managing and exploiting data

EHDS Secondary  Data Use  will require interoperability of 
genomics, imaging, and multi ‘omics –linked to environment 
data, one health etc

Developing in Data Standards & Frameworks



Common Data Model 

140 Vocabularies – Mapped to Concept IDs + R/Python tools

OMOP



DARWIN EU
•Pan-European network 
delivering real-world 
evidence on diseases and 
medicines.

•Supporting the European 
Medicines Agency (EMA) and 
national authorities in 
regulatory decision-making

Health

Records 

of 

181 Million 

EU, UK 

Individuals 



“Adoption of common data models such as OMOP 
CDM is growing in all the countries reviewed and 
is seen as a key enabler of secondary use of 
health data” HIQA



eHealth4Cancer.ie
• Cross-Border All-Island

• Federated Data Infrastructure Piloted a privacy-preserving 
analytics framework using de-identified data from 350+ 
patients, which shows significant promise

• Blood Cancer Network
• Prostate, Breast Cancer

• Policy & System Impact Our data insights informed Ireland’s 
draft Right to Be Forgotten legislation to protect cancer 
survivors from financial discrimination. 

• Our evaluation of the London Care Record indicated how 
digital transformation can reduce costs.

• Software & Decision Support Delivered tools including the 
Molecular Oncology Almanac, supporting variant and 
genomics annotation and intepretation

• OMOP contributed software now used globally (10,000+ 
downloads).

• Capacity Building Expanded cancer data expertise through 
microcredentials and early-career researcher training.



Report : “Harnessing the 

Power of Data to Transform 

Cancer Research, Care and 

Innovation Across the Island 

of Ireland”

Produced by the eHealth Hub for Cancer

Presented by Mark Lawler and Aedin Culhane

Wednesday May 14th, Croke Park, Dublin. 
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