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Research Data 
Integration in 

Biomedical Datahub, 
BII

BII
• Strong expertise to develop 

tools for data analysis e.g SNP-
drug prediction, image analysis

Datahub
• Data collection
• Curation and annotation
• Analysis and integration
• Query and visualization of results 

A*STAR RIs and other institutes
• Consolidate and integrate 

multiple datasets
• Repurpose legacy data?

Consortiums
• Organize and integrate clinical 

data for clinical decision 
making and research

Capabilities
• Annotation databases for cancer and 

other diseases
• Establish efficient analysis workflows
• Develop new analytical approaches 

to integrate multimodal data
• Add translational and predictive

value to biomedical data

Our mission: To build an ecosystem that bridges the complexity of computational 
biology and data science with the needs of researchers and clinicians to drive 
biological discoveries and predict translational outcomes. 



Large-scale collection of cancer genomic and molecular data
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Cancer data sources
• COSMIC (Catalogue Of Somatic Mutations In Cancer)
• CCLE (Cancer Cell Line Encyclopedia)
• Depmap: Cancer Dependency Map for genetic and 

pharmacologic dependencies in cell lines 
• TCGA (The Cancer Genome Atlas)
• ICGC (International Cancer Genome Consortium)
• PCAWG  (Pan-Cancer Analysis of Whole Genomes)
• AACR Project GENIE
• CPTAC (Clinical Proteomic Tumor Analysis 

Consortium)
• HTAN (Human Tumor Atlas Network)
• TCIA (The Cancer Imaging Archive)
• PDXNet (PDX Development and Trial Centers 

Research Network)
• …



Multimodal data of preclinical cancer models – Patient derived xenografts (PDX)
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DNA-Seq
RNA-
Seq/Microarray
SNP-array

Multiple models per patient
Different sites: Primary/Metastatic

Different time points: Pre-treated/post-
treated/recurrent

Tumor-Volume from dosing studies
RESIST criteria

Mutation
Expression
Copy number
TMB/MSI/HRD scores
Subtypes
Annotations (Protein effects, 
Drug efficacy, Pathways)

Cell segmentation/classification
Regional classification
Spatial features, TME, 
Heterogeneity
*Spatial transcriptomics/IMC

Meehan et al., PDX-MI: Minimal Information 
for Patient-Derived Tumor Xenograft 
Models, Cancer Res 2017

Woo, Srivastava, Graber and Bult et al., Genomic data analysis 
workflows for tumors from patient-derived xenografts (PDXs): 
challenges and guidelines, BMC Medical Genomics 2019 * Filtering of mouse signal

Patient/Model/Sample IDs
Patient information (Sex, Age, 
Smoker status, Race/Ethnicity)
Primary/Sample site
Diagnosis 
Tumor type (pri/met)
Stage/Grade
Treatment history
Biomarkers
Survival

Patient-derived organoids
Patient-derived cell lines

PDX-derived organoids/cell lines



Development of multimodal data platforms

• Coordination of PDX generation, genomic 
technologies, pathology, bioinformatics and 
customer service teams

• Data curation, organization and QC

• Analysis workflows and benchmarking/validation
• Database of metadata and genomic/spatial data
• Annotation of mutations 

• Public portal
• Further research – integration of data of different 

modalities

(Data coordination center)

(Data coordination center)

(Analysis team)



Genomic characterization JAX PDX resource 
– Non-small cell lung cancer 
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Majority of patient markers are found in PDXs

LUAD LUSC

LUAD LUSC

Woo, Srivastava, Mack, Graber and Bult et al., A Genomically and Clinically Annotated Patient Derived 
Xenograft (PDX) Resource for Preclinical Research in Non-Small Cell Lung Cancer, bioRxiv 2022, In review



Therapeutic response in PDX models
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LUAD

Model Treatment naïve? EGFR act mut Response Resistance mut

TM00199 Erlotinib EGFR L858R PR

TM00204 Erlotinib EGFR exon 19 del PD EGFR T790M 

TM00219 Erlotinib EGFR exon 19 del PD EGFR T790M 

TM00253 Erlotinib EGFR L858R SD EGFR V834L 

TM00784 Erlotinib EGFR L858R PD MET amp

J000100672 Yes PD EGFR exon 20 ins

Model Treatment naïve? ALK act mut Response Resistance mut

TM00206 Crizotinib EML4-ALK 
fusion

CR 
(2PR, 7 CR)

ALK L1196M (Alt AF 22%)
KIT amp (low) [P0 – mouse A ]

ALK, EML4 amp (low) 
[P0 – mouse B]

Dosing studies in PDXs recapitulate treatment response in patients 
and explain cause of resistance with markers found in PDX

Li et al. DRAP: a toolbox for drug response analysis and 
visualization tailored for preclinical drug testing on 
patient-derived xenograft models. J Transl Med 2019

CR: Complete response
PR: Partial response
SD: Stable disease
PD: Progressive disease
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(in revision)
(manuscript in preparation)



PDXNET Portal and workflows

Koc and Llyod et al., PDXNet Portal: Patient-Derived Xenograft model, data, workflow, and tool discovery, bioRxiv 2021, In revision 

NCI Cancer Genomics Cloud

> 800 PDX models with multiple samples and 
data of different modalities



Conservation of copy number profiles during engraftment and passaging of PDXs

CNA profiles with gene annotations

10 contributing centers
16 tumor types
509 PDX models

1,451 PT/PDX samples
1,548 tumor datasets 

(WES, WGS, SNP array, RNA-Seq & microarray expression)

Woo and Giordano et al., Conservation of copy number profiles during engraftment and passaging of patient-derived cancer xenografts, Nature Genetics 2021



Comparisons of CNAs from PTs with early and late PDX passages

• Pairwise comparison of CNA between PT-PDX 
and PDX-PDX

• No systematic CN changes during engraftment 
(PT-PDX) and passaging (PDX-PDX) 

• Genes with CNAs acquired during engraftment 
and passaging show no preference for cancer 
or treatment-related functions

• No mouse-specific selection to alter the CNA 
profile different from the evolutionary process 
of the original patient tumor



Evolution across PDX lineages and intra-patient samples
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• Random sampling of heterogenous tumor can result in divergence in copy number
• Genetic stability of the PDX system are likely to be less important than the evolution and 

heterogeneity of solid tumors themselves which can affect successful treatment



Spatial features of PDX tumors from image analysis

• Cell/regional classification of histopathology 
images to understand spatial heterogeneity, 
tumor-microenvironment and tumor-stromal 
infiltration

• To associate spatial features with genomics 
and clinical/treatment outcomes
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Sargent and Warner et al., Genetically diverse mouse platform to xenograft cancer cells, 2022, in revision
White, Woo, Koc et al., A repository of PDX histology images for exploring spatial heterogeneity and cancer 
dynamics, AACR Annual Meeting 2022, manuscript in preparation

Tumor

Stroma

Necrosis



Data analysis and integration of multimodal cancer data and its 
translation outcomes

• PDX models are robust and genomically stable for preclinical 
studies, where mouse-specific pressures to alter cancer or 
treatment-related functions is clearly absent

• Integrating omics data of PDX models with curated clinical 
annotations for efficient mining of PDX models for 
preclinical trials

• Integrating annotated genomic/molecular profiles with 
dosing studies of PDX resources to validate and discover 
biomarkers 

• Explore effects of tumor heterogeneity, subclonality and 
spatial features on clinical/treatment outcomes
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Genomics
Multi-omics

Spatial features

Preclinical trials
Biomarker discovery

Clinical outcomes

Cancer functions
Clinical annotations

Treatment data

• Better prediction of treatment outcomes and patient 
stratification

• Multimodal features can uncover new understanding 
of cancer biology underlying patient outcomes

Multimodal ML models integrate features across modalities

Boehm et al. Harnessing multimodal data integration to advance precision oncology. Nat Rev Cancer 2022
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Questions and feedback…

Actively recruiting scientists, postdocs and research officers…
woo_xing_yi@bii.a-star.edu.sg
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