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Background 

The development of AI-enabled tools and multimodal biomarkers for precision oncology requires 
integrated datasets that capture the longitudinal cancer patient journey across clinical, 
molecular, imaging, and pathology domains.1,2 While advances in quantitative biomarker 
development have accelerated data-driven cancer research, most approaches remain limited to 
individual data modalities due to challenges in data integration and harmonization.2,3 To address 
these gaps, Stanford Medicine established the VISTA Oncology Data Lake, an ARPA-H funded 
initiative designed to create a scalable oncology research ecosystem by linking 
OMOP-standardized electronic health records (EHRs) with specialized oncology data sources.3-7 
Building upon an initial foundation of EHR and cancer registry data, we describe the continued 
evolution of the platform through expansion of multimodal data assets, longitudinal treatment 
representations, and AI-ready research infrastructure as relevant to the OHDSI8 community. 

Methods 

The Stanford VISTA Oncology Data Lake4,7,9-11 was developed within the STAnford medicine 
Research data Repository (STARR), Stanford Medicine's enterprise research data ecosystem. 
Built upon OMOP-standardized clinical data,8,9 cancer registry10 information, imaging metadata11 
and molecular testing results,12 the platform underwent substantial expansion between 
November 2025 and August 2026 to support increasingly comprehensive multimodal oncology 
research. 

Major enhancements included migration from OMOP Common Data Model (CDM) version 5.3 to 
5.4 along with updated OHDSI vocabularies, incorporation of approximately 35,000 whole slide 
imaging (WSI) assets,13 integration of Epic Aura14,15 genomic data into OMOP variant 
occurrence representations,16,17 enrichment of pathology metadata from Epic Beaker, and 
implementation of longitudinal oncology treatment protocols using OMOP episode table.18,19 

Vital status ascertainment was also strengthened by incorporating external death records from 
the California Department of Public Health (CDPH) together with Epic Care Everywhere data, 
which captures death outcomes occurring outside the Stanford health system. In parallel, TiDE 
2.0,20,21 a production-grade PHI-scrubbing framework that combines multiple anonymization 
strategies with cryptographic techniques, date jittering (±30 days), and machine learning-based 



entity recognition, was deployed under secure governance frameworks and data use 
agreements to facilitate AI-ready access to clinical narratives and associated oncology data 
assets while managing re-identification risk. 

To accommodate these emerging oncology domains that are not yet fully represented within 
OMOP standards, we implemented a staged harmonization and schema extension strategy. 
Newly onboarded data assets are initially maintained within source-aligned auxiliary structures 
while preserving linkage to the OMOP ecosystem through shared patient and clinical 
relationships. This approach enables timely research access while supporting progressive 
semantic harmonization and future alignment with evolving oncology data standards. The 
platform further leverages modular ETL pipelines,22 provenance-aware architecture, and 
reusable validation frameworks to support scalable growth and long-term sustainability (Figure 
1). 

 

 

Figure 1: From Source to Standard: OMOP-Unified Oncology Data Lake 
 

Results 

As of the August 2026 release, the VISTA Oncology Data Lake supports multimodal linkage 
across OMOP-standardized clinical data, cancer registry records, genomics, digital pathology, 
imaging, and longitudinal treatment data for more than 234,342 oncology patients.4 



From 234,342 patients, 233,143 (99.5%) have clinical notes, 208,081 (88.8%) have imaging 
metadata, 63,619 (27.2%) have longitudinal treatment episodes, 3,747 (1.6%) have genomic 
variant data, and 2,379 (1.0%) have whole slide images (Figure 2). 

The data lake provides integrated access to structured clinical information, molecular testing 
results, pathology metadata, whole slide imaging assets, and longitudinal treatment trajectories 
within a unified patient-centered framework. Beyond patient-level integration through person 
identifiers, the platform enables finer-grained linkage across oncology modalities: 4,085,765 
image records link to specific notes via note identifiers, 2,838,339 image records link to visit 
occurrences, 3,798 whole slide imaging assets link directly to pathology reports via note 
identifiers (1.62 per WSI patient), and 4,280 genomic variant records link to visit occurrences. 
Whole slide imaging assets and image metadata are linked to pathology reports through note 
identifiers and accession-based relationships, enabling specimen-level integration between 
digital pathology, clinical narratives, and imaging data. Genomic data from Epic Aura are 
represented in the custom OMOP variant_occurrence table,16,17 extending prior molecular data 
integration (Philips ISPM)12 and enabling standardized linkage between genomic variants, 
clinical observations, and longitudinal patient outcomes. In addition, migration to OMOP CDM 
v5.4 and updated OHDSI vocabularies enhanced the support for oncology-specific concepts, 
resulting in improved standardization and mapping of cancer staging information across the 
research ecosystem. 

The resulting architecture preserves connectivity across heterogeneous oncology domains while 
supporting incremental onboarding of future data modalities. 

 

 

Figure 2: Data Modality Distribution  

 



Conclusions 

The VISTA Oncology Data Lake has evolved from an EHR- and registry-focused resource into a 
multimodal oncology research ecosystem supporting longitudinal cancer research, precision 
oncology, and AI-driven discovery. By integrating clinical, genomic, pathology, imaging, and 
treatment data within an OMOP-centered architecture, the platform addresses critical 
infrastructure challenges associated with multimodal oncology research. The staged 
harmonization and schema extension approach enables scalable incorporation of emerging 
data sources while maintaining alignment with the broader OHDSI ecosystem, providing a 
sustainable foundation for next-generation precision oncology investigations. 
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Oncology Data Lake Documentation: 
https://susom.github.io/starr-oncology-data-lake-arpah/about.html 

TiDE 2.0 Core Repository:  
https://github.com/susom/tide2-core  
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