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ABSTRACT

PURPOSE Osteosarcoma research advancement requires enhanced data integration across
different modalities and sources. Current osteosarcoma research, encom-
passing clinical, genomic, protein, and tissue imaging data, is hindered by the
siloed landscape of data generation and storage.

MATERIALS
AND METHODS

Clinical, molecular profiling, and tissue imaging data for 573 patients with
pediatric osteosarcoma were collected from four public and institutional
sources. A common data model incorporating standardized terminology was
created to facilitate the transformation, integration, and load of source data into
a relational database. On the basis of this database, a data commons accom-
panied by a user-friendly web portal was developed, enabling various data
exploration and analytics functions.

RESULTS The Osteosarcoma Explorer (OSE) was released to the public in 2021.
Leveraging a comprehensive and harmonized data set on the backend, the
OSE offers a wide range of functions, including Cohort Discovery, Patient
Dashboard, Image Visualization, and Online Analysis. Since its initial release,
the OSE has experienced an increasing utilization by the osteosarcoma re-
search community and provided solid, continuous user support. To our
knowledge, the OSE is the largest (N 5 573) andmost comprehensive research
data commons for pediatric osteosarcoma, a rare disease. This project
demonstrates an effective framework for data integration and data commons
development that can be readily applied to other projects sharing similar
goals.

CONCLUSION The OSE offers an online exploration and analysis platform for integrated
clinical, molecular profiling, and tissue imaging data of osteosarcoma. Its
underlying data model, database, and web framework support continuous
expansion onto new data modalities and sources.

INTRODUCTION

Some recent osteosarcoma research works have been
empowered by rapid and significant advances in biomedical
technologies, such as next-generation sequencing, digital
pathology, and electronic health records (EHRs).1-7 These
technological developments have led to the generation
of massive amounts of data over the past decade. Data
sets of large volumes and diverse types further benefit
research, especially when incorporating advanced analysis
methods and AI technologies.2,6,8 However, the often-poor

accessibility and interoperability of these novel data sets are
limiting their value in research. Technical and organizational
barriers exist in almost every step of using these data: from
data generation to standardization, storage, and sharing,
which results in siloed data resources across health care
facilities, industrial vendors, academic institutions, and
other research organizations.

The challenges of constrained data availability and inter-
operability are amplified for rare diseases such as pediatric
osteosarcoma. Although osteosarcoma is the most common
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type of bone cancer in children and adolescents, the total
number of patients is much smaller than more common
cancers in children such as leukemia and central nervous
system tumors.9,10 In the United States, the annual incidence
rate of osteosarcoma in the 0-19 years age group is estimated
to be 4.7 per million person-years, with approximately 800
new cases occurring every year.10 Unlike other pediatric
cancers, no substantive improvements in patient outcome
have been seen for over 30 years. There is an urgent need for
more data, in terms of both volume and type, to improve our
understanding of osteosarcoma biology and develop new
therapeutics with better efficacy and fewer side effects.

Data commons represents an emerging solution to overcome
the siloed data landscape in biomedical research.11,12 A well-
designed data commons should incorporate harmonized
data sets (generated from various sources and technology
platforms),meaningful data standards and terminology, and
a user-friendly web interface for data visualization and
analytics.13 There are currently several large-scale data
commons for cancer research, such as cBioPortal and Ge-
nomic Data Commons.13-15 Although these general purpose
data commons projects have collected different types of data
for various cancer types, research on each type of cancer
usually demands a unique set of data elements and mo-
dalities depending on disease characteristics and manage-
ment strategies. In addition, it is often challenging to
integrate multimodal data (eg, clinical, genomics, proteo-
mics, and tissue imaging) in a meaningful way, limiting
the comprehensive characterization of a selected cohort.
A recent effort initiated by the Children’s Oncology Group
(COG) and the QuadW Foundation focused on developing

osteosarcoma data resources on the basis of biospecimens
and clinical annotations obtained through COG study pro-
tocols. As an initial proof of concept, the High Dimensional
Data (HDD) platform was developed by the QuadW-COG
Childhood Sarcoma Biostatistics and Annotation Office
(CSBOA).16 The HDD project established a workflow whereby
projects using COG osteosarcoma biospecimens can share
data through the platform. Our study builds upon this pre-
vious effort by integrating multisource, multimodal osteo-
sarcoma data into a data commons.

The goal of this study is to develop an osteosarcoma-
focused data commons, known as the Osteosarcoma
Explorer (OSE), which integrates publicly available and
institutional osteosarcoma data of various data types and
provides a user-friendly web interface for data visualiza-
tion and analysis. The OSE web portal is now accessible to
the public.17 By providing public access to this resource, we
hope to enhance osteosarcoma awareness within both re-
search and health care communities.

MATERIALS AND METHODS

Data Collection and Integration

The COG and institutional review boards at the University of
Texas Southwestern Medical Center (UTSW) and the Dana-
Farber Cancer Institute (DFCI) have approved this study and
the use of deidentified patient information in this study.
Deidentified clinical and research data from patients with
pediatric osteosarcoma were collected from four sources,
summarized in Table 1. The Therapeutically Applicable
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To develop a large and comprehensive data commons that integrates clinical, molecular profiling, and tissue imaging data
for osteosarcoma research.
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To address the siloed landscape of osteosarcoma research data, we have developed and publicly released the Osteo-
sarcoma Explorer (OSE), which captures data for 573 patients with osteosarcoma integrated from various sources and
modalities. Providing a user-friendly web interface for data exploration and analysis, the OSE has experienced an increasing
utilization by the osteosarcoma research community.
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The OSE project offers a comprehensive platform for gaining insight into the biology of pediatric osteosarcoma. This
resource is achieved through integrated exploration of clinical data, molecular profiling, and tissue imaging data. The
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Research to Generate Effective Treatments (TARGET) data
set (306 patients) includes clinical annotations, gene ex-
pression, and copy-number variation (CNV) data collected
through the TARGET Osteosarcoma project.18 The HDD data
set (164 patients) includes clinical annotation and human
epidermal growth factor receptor 2 (HER2) protein ex-
pression established through the CSBOA.16 The DFCI data set
(72 patients) includes clinical annotations and circulating
tumor DNA (ctDNA) status for patients enrolled on the COG
osteosarcoma biology study AOST06B1.19 The UTSW data set
(50 patients) includes clinical annotations and hematoxylin
and eosin (H&E)–stained pathology images for patients
treated at UTSW/Children’s Medical Center Dallas.2 Patients
were matched using the Unique Specimen Identifier (USI;
assigned through COG studies) where applicable. For privacy
protection, no germline data were included.

To integrate data from different sources, we designed a
conceptmap (Fig 1) that captures typical clinical workflow in
osteosarcoma patient care, including initial diagnosis,
treatment, biospecimen collection and characterization
(imaging, molecular profiling, etc), follow-up, and con-
tinuing evaluation of disease status. On the basis of the
concept map, a common data model was constructed by
matching and consolidating variables fromdifferent sources.
A standardized terminology system was developed by har-
monizing existing values from all data sources and mapping
onto the concept unique identifiers (CUIs) in the National
Cancer Institute (NCI) Metathesaurus database.20 The clin-
ical data were then transformed onto this common data
model, resulting in an integrated, standardized data set.

Gene expression (89 patients) and CNV (88 patients) data
from patient tumor samples were downloaded from TARGET
with the corresponding clinical annotations (306 patients).18

After data processing (Data Supplement), the gene expres-
sion data were normalized and categorized into high and low
groups on the basis of median gene expression level in the
cohort for each given gene, and the CNV data were cate-
gorized into three groups: copy-number gain, copy-number
loss, and diploid. The ctDNA data were acquired from a
previous study, where ultra-low-pass whole-genome se-
quencing was used to detect copy-number alterations in
blood samples of patients with osteosarcoma (72 patients;
source: DFCI).19 Patients were categorized by ctDNA

positivity into positive and negative groups. The HER2
protein expression data (164 patients; source: HDD) were
categorized into positive and negative groups via a semi-
quantitative approach on the basis of the protein expression
levels determined through immunohistochemistry staining
using CB11 antibody, where positive indicates that 51%-
100% of cells were stained.16,21,22 Raw, deidentified H&E
images (50 patients; 712 images; source: UTSW) were con-
verted to portable network graphics (PNG) files at 10,000 3

10,000 pixel resolution usingOpenSlide.23 The PNGfiles were
then converted to tiled image pyramids in deep zoom image
(DZI) format using deepzoom.py24 for database import and
online visualization using OpenSeadragon.25

Database and Web Portal Development

On the basis of the OSE common data model, a relational
database was developed using MySQL. To build the data-
binding system, all codes were compacted into a single,
reusable package. Database structure was described by
JavaScript object notation (JSON) files and organized by
table, column, and value. On the front end, data visualization
was built using Chart.js and D3.js. We developed interactive
charts for cohort summary information, a table- and graph-
formatted individual patient dashboard, and survival anal-
ysis on the basis of user-selected grouping variables. Data
filtering was bound with database query information for
real-time updating. Through this two-way data binding
system, the total number, summary charts, and table of the
selected cohort are updated in real time when any combi-
nation of data filters is selected by users. We further
implemented a local instance of the cBioPortal platform
using the integrated OSE data set.13,14

RESULTS

Concept Map

The concept map outlines the general clinical practice
workflow for osteosarcoma care (Fig 1). Episodes in this
workflow are categorized as care actions (red-edged boxes)
or observational results and patient outcomes (green-edged
boxes). Initially, patients suspected of having osteosarcoma
undergo the standard diagnostic procedures, which yield
information about demographics, characteristics of the

TABLE 1. Summary of Initial Data Sets Included in the OSE

Source No. of Patients Clinical Data Genomic Data Protein Expression Data Pathology Images

TARGET 306 Yes Yes (mutation, CNV, mRNA expression) No No

HDD 164 Yes No Yes (HER2) No

DFCI 72 Yes Yes (ctDNA) No No

UTSW 50 Yes No No Yes

Abbreviations: CNV, copy-number variation; ctDNA, circulating tumor deoxyribonucleic acid; DFCI, Dana-Farber Cancer Institute; HDD, High
Dimensional Data; HER2, human epidermal growth factor receptor 2; OSE, Osteosarcoma Explorer; TARGET, Therapeutically Applicable Research to
Generate Effective Treatments; UTSW, The University of Texas Southwestern Medical Center.
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primary tumor(s), and metastasis. These together form a
diagnosis summary, which determinesfirst-line treatments.
Twomajor types offirst-line treatments (chemotherapy and
surgery) are captured. Next, response assessment procedure
is conducted to evaluate treatment response and disease
status. If no evidence of disease is found, the routine follow-
up procedure is to be applied. Any evidence of disease (eg,
progression, relapse, or second malignant neoplasm) may
trigger a new cycle of care. Importantly, several procedures
may generate biospecimens. Each sample collection acti-
vates a separate subcycle that may involve pathology eval-
uation and molecular profiling. These biospecimen-derived
data may further inform initial diagnosis and assessment of
treatment response to yield more comprehensive diagnosis
and prognosis profiles.

Data Model and Data Integration

The OSE data model captures all key episodes in the
concept map (yellow-filled boxes, Fig 1). Representative
variables are shown in Table 2 (see the Data Supplement
for specifications). The standardized terminology system
is connected to the NCI Metathesaurus through CUIs to
facilitate data interoperability and future updates. In total,
five molecular profiling data tables are modeled into OSE,

including gene mutation landscape, CNV, mRNA expres-
sion, ctDNA status, and HER2 protein expression (Data
Supplement).

After identifier (ID) matching through USI, 573 unique pa-
tients were included, while overlapped patients were found
betweenTARGET andHDD (n5 7), and betweenTARGET and
DFCI (n 5 6; Table 1). For source data version control, a data
version ID is attached to each data record. The finalized,
integrated OSE data set, including a harmonized clinical data
table,fivemolecular profiling data tables, and 712H&E tissue
images, was loaded into the OSE database.

Online Data Exploration and Analysis

The OSE web portal provides an online graphical user in-
terface for the exploration, visualization, and analysis of the
integrated OSE dataset. In the Cohort Discovery module
(Fig 2), major variables describing demographic, clinical,
molecular, and imaging data are provided for patient se-
lection and data query. Data variables are organized in a
hierarchical structure reflecting the concept map (Fig 2A).
When any set of variables is applied as filter, the pie charts
(Fig 2B) and patient list (Fig 2C) are updated in real time to
reflect the composition of the selected cohort. By clicking a

Diagnostic
procedures

Treatment
Diagnosis
summary

Demographics

Primary tumor

Surgery

Chemotherapy

Metastasis

Molecular
profiling

Pathology
evaluation

No evidence of
disease

Second
malignant
neoplasm

Relapse
Evidence of

disease

Specimen

Follow-up
monitoring

Response/
disease status

Action

Data element

Result/outcome

Progression

May
lead to

May
involve

Response
assessment

May result
in

May result
in

May
contribute

to

May
result

in

May
contribute

to

May
result

in

May
involve

FIG 1. Concept map of the general clinical practice workflow for patients with osteosarcoma. Care actions are denoted by red-edged boxes.
Observational results and patient outcomes are denoted by green-edged boxes. Yellow-filled boxes show from which element data have been
captured. The design of the concept map was guided by pediatric oncologists with osteosarcoma expertise (L.F.C. and L.J.K.).

4 | © 2023 by American Society of Clinical Oncology

Yang et al



TABLE 2. Representative Variables in the OSE Data Model

Domain Variable Type Example Values CUI

Data management System patient ID ID OSE_P00001

Patient USI ID 0A4I48

Source Categorical TARGET

Data version Text TARGET-OS_DISCOVERY_20181009

Demographics Gender Categorical Male C0086582

Female C0015780

Race Categorical White C0043157

Black or African American C0085756

Ethnicity Categorical Hispanic or Latino C0086409

Diagnosis Age at diagnosis (years) Numerical 12

Primary tumor site Categorical Skull C0037303

Pelvis C0030797

Limb, NOS C0015385

Metastasis at diagnosis Categorical Yes C1298907

No C1298908

Metastasis site Categorical Lung C0024109

Treatment: surgery Definitive surgery Categorical Amputation C0002688

Treatment: chemotherapy Platinum Categorical Yes C1298907

Methotrexate Categorical Yes C1298907

Ifosfamide Categorical Yes C1298907

Etoposide Categorical Yes C1298907

Doxorubicin Categorical Yes C1298907

Leucovorin rescue Categorical Yes C1298907

Regimen Text MAP

Timing of chemotherapy Categorical Preoperative C0445204

Postoperative C0032790

Treatment: other Adjuvant radiotherapy Categorical Yes C1298907

Treatment: response Histologic responsea Categorical Good (>90% necrosis) C0205170

Poor (≤90% necrosis) C2700379

Percent necrosis Text >90

Follow-up: overall survival Time to follow-up (days) Numerical 1,825

Vital status Categorical Alive C0376558

Dead C0011065

Survival time (days) Numerical 1,825

Follow-up: events Time to first event (days) Numerical 1,460

First event Categorical Progression C0178874

Relapse C0035020

Primary site progression Categorical Yes C1298907

No C1298908

Time to first relapse (days) Numerical 1,460

Relapse type Categorical Local CL448879

Systemic C0205373

Combined C0205195

Site of initial relapse Categorical Lung C0024109

Time to first SMN (days) Numerical 1,460

Molecular: protein expression HER2 expression Categorical Positive CL448866

Negative C3853545

Molecular: genomics Copy-number variation Categorical Loss C4264619

Diploid C0012568

Gain C1517378

(continued on following page)
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patient ID hyperlink (Fig 2C), the Patient Dashboard module
is opened, presenting a one-stop-shop view of all available
data elements for the selected patient which originally were
scattered at different sources (Fig 3A). The Patient Dash-
board shows an individual patient’s demographic and
clinical data, HER2 protein expression and mRNA expres-
sion, CNV landscape, and a table of genes with somatic
mutation linked to CNV status andmRNA expression (Fig 3A;
Data Supplement). High-resolution whole-slide tissue im-
ages can be visualized in the Image Viewer module (Fig 3B).
Users can open any image directly from the Cohort Discovery
module. Actions such as zoom-in, zoom-out, and drag are
smoothly realized using themouse cursor. Figure 3C shows a
clear zoomed-in view of an image.

The Online Analysis module (Fig 4) allows users to perform
various types of data analysis using the integrated OSE data
set. To conduct survival analysis, users can group the pa-
tients on the basis of a clinical, gene expression, CNV, ctDNA,
or HER2 protein expression feature (Fig 4A). Both overall
survival and event-free survival data are available for the
analysis. For example, Figure 4B shows the Kaplan-Meier
curve of overall survival on the basis of ctDNA status. The
local, customized cBioPortal instance is integrated with OSE
portal (Fig 4C) to provide analysis functions using the OSE
genomic data. Users can perform association analysis and
create custom plots for data visualization. Gene mutation
and CNV landscape are illustrated on the front page of the
OSE-cBioPortal instance (Fig 4C).

Public Release, Data Security, and User Support

The OSE web portal was released to the public in November
2021.17 To ensure data security, only deidentified data are

stored in the OSE database. General users can view group-
level summary charts in the Cohort Discovery module
without registration or login. Access to individual-level data,
images, and analysis is available to registered users only.
Registration is currently open to research, educational, and
government institutions by restricting email domains to .edu
and .gov. From its public release in November 2021 to March
2023, the OSE has received an average of 132 site visits per
month and accumulated 66 registered users from various
countries. User support provided by the OSE team includes
general technical support, user-specific consultations cov-
ering database design and data analysis, and a data repos-
itory service for data sharing needs. For instance, users can
request an entry to upload and share deidentified osteo-
sarcoma data used in a published work.

DISCUSSION

Data resources that meet the Findable, Accessible, Inter-
operable, and Reusable (FAIR) standard15 are in high demand
for biomedical research, especially for rare diseases such as
pediatric osteosarcoma. Data commons has become themain
solution to providing such resources. Pediatric osteosarcoma
research data have been hosted in different data repositories
maintained by organizations such as COG, research and
health care institutions, and individual research laboratories.
The OSE project serves as a model for integrating clinical,
genomic, protein, and tissue image data from various
sources following the FAIR standard. The successfully de-
veloped OSE data model, web portal, and the experiences in
community engagement and user support presented here
can benefit the data integration and international data
sharing efforts for other rare diseases and facilitate clinical
and translational research.

TABLE 2. Representative Variables in the OSE Data Model (continued)

Domain Variable Type Example Values CUI

Gene expression Numerical 8.1

ctDNA status Categorical Positive CL448866

Negative C3853545

Pathology H&E Image High-resolution digital image

Mitotic rate (count/mm2) Numerical 1

Ki67 Numerical 25%

Grade Categorical Low C0205251

High C1561957

IHC results Text CD68: positive; CD99: negative

Abbreviations: ctDNA, circulating tumor DNA; CUI, concept unique identifier; H&E, hematoxylin and eosin; HER2, human epidermal growth factor
receptor 2; ID, identifier; IHC, immunohistochemistry; Ki67, marker of proliferation Ki67; MAP, methotrexate, doxorubicin, and cisplatinum; NOS, not
otherwise specified; OSE, Osteosarcoma Explorer; SMN, second malignant neoplasms; TARGET, Therapeutically Applicable Research to Generate
Effective Treatments; USI, Unique Specimen Identifier.
aThe histologic response to preoperative chemotherapy is evaluated based on the % necrosis in the tumor specimen collected at the time of
definitive surgery (estimated from H&E tissue images). Category definition: good corresponds to >90% necrosis; poor corresponds to ≤90%
necrosis.

6 | © 2023 by American Society of Clinical Oncology

Yang et al



A key contribution of the OSE project is an established
workflow for integrating data from scattered sources into a
comprehensive and harmonized data set. In this workflow,
data source tracking plays a central role. The OSE centralized
ID system identifies unique patients using USI, which allows
various data records for a given patient to be linked and
consolidated. Data acquisition for OSE is designed as a
continuous process. For example, the TARGETOsteosarcoma
project has published clinical annotation data in different
versions. The OSE assigns unique data version IDs (eg,
TARGET-OS_DISCOVERY_20181009) to each individual
data record. By default, the OSE uses data elements (eg,
survival times) from the latest version to overwrite the
previous version on a patient-by-patient basiswhile keeping
all historical versions in the backend, ensuring data accuracy
and traceability.

Another key aspect of a successful data integration is the data
model design. In the OSE data model, major clinical episodes

in the concept map are constructed as distinct data domains,
which is reflected in both the back-end database and the
front-end web interface. Mapping of the OSE terminology
system onto NCI Metathesaurus further ensures clear var-
iable definitions, feasibility of data exchange with other data
models/standards, and capacity for further expansion of the
OSE data model and terminology system when new data
sources become available.26 Importantly, the established
data integration workflow for OSE can be readily applied to
other projects of similar purposes.

The OSE web portal is the main interface for researchers to
access this data resource. The Cohort Discovery module
greatly simplifies the cohort formation process by enabling
data query across different sources and data types. In the
Patient Dashboard module, users have an integrated view of
clinical characteristics and molecular profiling data features
for a given patient, which were originally scattered across
different sources. Similarly, the Pathology Image module
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FIG 2. Cohort Discovery module on the OSE. (A) The list of variable filters is provided on the left side of the web page and is organized in a
hierarchical structure. (B) Cohort summary panel on the right side of the web page displays six distribution charts for the selected cohort. (C) The
patient table at the lower portion of the web page lists the patients in the selected cohort and provides the entry to the Patient Dashboard of each
listed patient. The table is sortable by each column and capable of whole-table search. When any filter(s) is selected, the cohort summary panel
and patient table are updated in real time. CNV, copy-number variation; ctDNA, circulating tumor DNA; HER2, human epidermal growth factor
receptor 2; ID, identifier; OSE, Osteosarcoma Explorer.
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offers high-resolution images and related clinical variables
in one place, enhancing the data visualization capabilities. By
providing a user-friendly web portal, OSE transforms the
traditional way of accessing a research data set through
interpersonal communications with the data provider or
curator, which often limits the volume and efficiency of user
support. Instead, OSE users can fulfill most of the common
requests, such as data exploration, cohort formation,

visualization, and analysis, directly by themselves through
the web portal. The steadily increasing user access and in-
terests demonstrate OSE’s usability and usefulness in os-
teosarcoma research. This user interaction framework can be
applied to other informatics projects of similar scope.

The current, initial version of OSE serves as a solid foun-
dation for future endeavors to enhance the data commons

B

A

C

FIG 3. Patient Dashboard module and Image Viewer module on the OSE. (A) Individual patient-level data is displayed by sections,
including demographics, chemotherapy, HER2 protein expression, an overview graph of CNV, and a table of CNV and mRNA expression
status for genes with somaticmutation. This example is obtained from patient pOS000101. Access to thismodule is limited to registered
users only. CNV graph: x-axis shows the position of a genomic region; y-axis shows CNV signatures of the region; green indicates copy-
number gain; red indicates copy-number loss. The gene mutation table can be sorted and searched by users. (B) High-resolution, whole-
slide tissue images are displayed for each patient. In this example, eight H&E images are available for the selected patient. (C) In-browser
zoom-in action can smoothly focus on regions of interest with cell-level details. This example is obtained from patient pOS000465.
Access to this module is limited to registered users only. CNV, copy-number variation; H&E, hematoxylin and eosin; HER2, human
epidermal growth factor receptor 2; ID, identifier; NA, not applicable; OSE, Osteosarcoma Explorer.
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for osteosarcoma research. Limited availability and inter-
operability of source data remains a significant challenge
for rare cancers such as osteosarcoma. For example, the
clinical annotation data acquired from the TARGET Oste-
osarcoma project cover basic data elements such as indi-
vidual chemotherapy drug names but lack more granular
elements such as timing of chemotherapy and regimen
information. To overcome this challenge, EHRs can po-
tentially be leveraged. By successfully integrating the UTSW
EHR-based data into OSE, we demonstrate the feasibility of
incorporating essential data elements directly from insti-
tutional EHRs. We plan to integrate more EHR-based os-
teosarcoma data by engaging other health care and research
institutions.

Solid digital pathology components, in the form of both
images and structured pathologic features, are crucial for
osteosarcoma research and care. The current version of OSE
supports high-resolution tissue images and the associated
features such as grade and histologic response to preoper-
ative chemotherapy. More comprehensive pathologic fea-
tures, such as mitotic rate and immunochemistry markers,

are typically available in the pathology reports. A major
challenge to fully utilizing these reports is the complex and
intensive natural language processing required for
extracting structured data elements from free texts. The
recent advancements in large language models (eg, GPT-4
and Med-PaLM) show unprecedented promises for effec-
tively and efficiently processing medical notes.27 We are in
the process of applying the large languagemodel technology
to processing and curating pathology notes, which can
potentially populate the next version of OSE with more
abundant pathologic features.

Another prospective component of the OSE is data from
patient-derived xenograft (PDX), which is an important
resource for translational research. A key challenge for in-
tegrating and managing PDX data is a well-designed data
model that captures and simplifies the multilevel lineage
relations between patient-level and sample-level data. In
the future, we plan to incorporate the PDX data component
into OSE by leveraging an in-house, web-based biospecimen
management tool that features a proved data model for
handling patient-sample lineage. Building upon this, we
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further plan to integrate sample andmolecular profiling data
for PDX generated at various sources.

In conclusion, we developed the OSE data commons, which
integrates osteosarcoma clinical, molecular profiling, and
tissue imaging data from multiple sources. Data of heter-
ogenous structure and terminology were transformed onto a

common data model. A relational database and a user-
friendly web portal were built to provide functionality to
query, explore, and analyze data online. Since its public re-
lease, the OSE has continuously supported the osteosarcoma
research community. Its successful initial deployment has
laid a strong foundation for expanding the project to in-
corporate newdata sources and a broader range of data types.
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