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ABSTRACT (150 words)
Over a decade ago, collaborating academic cancer centers formed the Oncology Research

Information Exchange Network® (ORIEN) to develop a patient-driven, federated infrastructure
for oncology research. Aster Insights is the network’s operational, commercial, and research
partner. Together ORIEN and Aster Insights have built a unique multimodal dataset on the active
engagement and consent of patients who opted into the Total Cancer Care® (TCC) protocol to
contribute their data and biospecimens for research. Over 400,000 cancer patients have been
enrolled in TCC, >32,500 of which have an in silico “Avatar” generated to represent their
individual patient experience and molecular profile to support a broad range of network and
industry research use cases. We provide an overview of ORIEN’s evolution, demonstrate the
power of our data resources through a landmark analysis of >37,000 tumors across all cancer
types collected for the Avatar program, and provide a vision for ORIEN to fuel collaborative

research.



INTRODUCTION

Advances in cancer genomics and molecular profiling have transformed our understanding of
tumor biology and opened new frontiers in precision oncology."? While there are promising
success stories of precision oncology, the translation of these discoveries into improved patient
outcomes has been limited by the lack of large-scale, harmonized clinicogenomic datasets that
integrate longitudinal clinical data with comprehensive molecular and genomic profiles.>> To
address this gap, a national network of collaborating research and clinical centers came
together within the Oncology Research Information Exchange Network (ORIEN) in 2014 to
develop a uniquely patient-driven, federated infrastructure for discovery research and precision

oncology research.5’

Unlike many existing datasets derived from retrospective clinical sequencing or electronic health
records,®® ORIEN has built a clinicogenomic dataset on the prospective engagement and consent
of patients who opted into the Total Cancer Care (TCC) protocol®® to contribute their data and
biospecimens to advance cancer research. ORIEN’s collective impact is further enabled by the
efficiencies of master agreements across centers, standardized data model and quality standards,
patient advocacy, and multidisciplinary exchange of ideas. ORIEN has a strong partnership with
Aster Insights (formerly M2GEN), which provides commercial, operational, and research support

to the network.

This report provides an overview of the growth of the ORIEN network, from its initial vision to
today, and its signature Avatar initiative to create a uniform interoperable clinicogenomic dataset

composed of in-depth abstracted clinical data paired with whole exome and transcriptome



sequencing data. We present here a landmark description of over 37,000 tumors from more than
32,500 cancer patients, showcasing the unprecedented breadth and depth of this resource, and
highlight use cases that demonstrate its value for research and clinical applications. We also
demonstrate the power of ORIEN in creating a collective impact for advancing cancer research
through academic collaborations within ORIEN and with industry partners to support in-depth

discovery and translational research that will lead to improved patient outcomes.

RESULTS

ORIEN - Building a collaborative, patient-driven infrastructure for cancer discovery research
and precision oncology

ORIEN was initially established between two centers, Moffitt Cancer Center and the Ohio State
University James Comprehensive Cancer Center,%” in 2014 and grew quickly to include 19 cancer
centers across the U.S. at its peak. There are 17 centers currently participating in ORIEN (Figure
1A). Every member commits to implementing a protocol that includes standard elements of the
TCC protocol, including patient consent to contribute and share clinical data and the collection
of biospecimens following standard operating procedures.® In addition to TCC, membership
comes with an expectation of participation in ORIEN governance, data sharing, and active
engagement in collaborative research projects across the network. The guiding principles of
inclusiveness of U.S. cancer centers, harmonization of data within a centralized data warehouse,
accessibility of data for collaborative use, engaging patients as active partners, and achieving
long-term sustainability through public-private partnerships remain at the forefront of the

network’s activities.



ORIEN is founded on an ecosystem of shared values'! where researchers, patients, industry
sponsors, and a data science company are all essential contributors. For patients, ORIEN is guided
by patient choice to “opt-in” through active consent to the TCC observational research study and
actively engages patients at all levels of network governance through the ORIEN Patient Advisory
Council (OPAC). Industry sponsors also contribute to the ecosystem through sponsored research
agreements with Aster Insights to fund data generation or to work directly with ORIEN
researchers. One way ORIEN is engaging industry sponsors is through the centrally coordinated
ORIEN Clinical Trial Network (OCTN), that includes a first-in-kind NCl-approved centralized
Protocol Review & Monitoring System (PRMS) scientific review committee (hosted by the Moffitt
Cancer Center as part of its Cancer Center Support Grant), master agreements, and a dedicated
clinical trial subcommittee. Aster Insights fulfills the critical role as the coordinating body, serving
as the central hub supporting governance, collaboration, and developing a path of sustainability

through industry partnerships that provide funding for ORIEN initiatives.

ORIEN’s Avatar Initiative - Creating a Uniform Clinicogenomic Resource

Together ORIEN and Aster Insights have generated a unique clinicogenomic resource that was
intentionally designed to support basic, translational, and clinical research in oncology, as well as
the drug development lifecycle for industry partners. The Avatar program generates research
grade whole-exome sequencing (WES) on germline and tumor specimens, whole transcriptome
tumor sequencing (RNASeq), and collects deep longitudinal clinical data (Figure 1B), from a
subset of the over 400,000 patients enrolled in the TCC protocol. All 325 abstracted clinical data

elements (Figure 1C) and molecular sequencing files are harmonized into a standardized,



structured format to enable aggregation of de-identified data for seamless data-sharing via a
centralized controlled-access cloud-based platform and ORIEN-specific instance of cBioPortal%!3

for data visualization.

Unless noted, the Avatar clinicogenomics dataset summarized herein reflects version 25.01
comprising data from 32,557 patients enrolled at the time of the dataset freeze with over 37,000
tumors sequenced. Supplemental Table 1 provides a comparison of the race and ethnicity
representation in the Avatar and The Cancer Genome Atlas (TCGA) datasets,'*'> showing a two-
seven fold increase in the number of various underrepresented populations within Avatar. The
dataset encompasses over 30 cancer types (Figure 2A), with the top five most represented cancer
types being breast (11%), colorectal (9%), head and neck (8%), kidney (8%), and lung (8%). The
Avatar dataset also includes patients with rare tumors from varying tissue origins (such as
ampullary, appendiceal, penile, vulvar, anal, thymic, adrenal gland, and heart) and rare
histologies (such as nodular melanoma, pineoblastoma, ependymoma, astrocytoma,
oligodendroglioma, meningioma, Ewing’s sarcoma, fibrosarcoma, neuroendocrine tumors, and

mesothelioma) that combined comprise 6% of Avatar cases.

Avatar prioritizes patients at high risk of disease recurrence or progression, though it includes all
cancer stages and types. It is particularly enriched with data on advanced cancers. Avatar is
unique in that sequenced specimens are collected from either the primary tumor (84%) or
metastatic sites (16%), with 4% of patients having paired primary/met samples. Furthermore, the
resource includes tumors that were treatment-naive (55%) or collected after exposure to

radiation, chemotherapy, immunotherapy, or other targeted therapies (35%; remaining ~10%



cannot be determined due to masked timepoints after age 90 or unknown from the records).
Figure 2B characterizes the distribution of sequenced tumors for the top five cancer types by
treatment experience for both primary and metastatic tumor samples.

Rich longitudinal clinical data (Figure 1C) enables comprehensive views into patient cancer
history. The median follow-up time from first cancer-related contact at an ORIEN institution to
last contact or death for all Avatars is 4.7 years (interquartile range: 2.5 to 7.6 years). Such data
allows identification of temporal trends in subsequent cancer diagnoses (Figure 3A-B) and
detailed individual level treatment patterns (Figure 3C). The frequency and temporal patterns of
subsequent cancers can be observed for more than 4361 Avatar patients (16% of total Avatar
population) who received multiple diagnoses over time (Figure 3A). Figure 3C provides a
visualization of the complex clinical history for an Avatar patient treated for muscle invasive

bladder cancer.

Benchmarking Real World Data Quality and Standardized Molecular Profiling

Avatar reflects real-world clinical practice with a majority of tumors available for sequencing from
clinical formalin-fixed paraffin embedded (FFPE) blocks (60% from FFPE and 40% from fresh
frozen (FF) tumors). Our RNASeq dataset using a ComBat normalization algorithm per disease
cohort and pan-cancer appropriately mitigates non-biological effects on RNA-seq data due to
preservation methods. Supplemental Figure 1 presents breast and colorectal cancer cohorts
from Avatar and TCGA in which the FFPE/FF and Avatar/TCGA differences were mitigated and the

biological distinctions (i.e., breast vs. colorectal cancer) remained following normalization. These



results demonstrate that the Avatar RNA-seq data resource can be compared and/ pooled with

other RNA-seq data sources.

To demonstrate the value of transcriptomic data in precision oncology, we generated clinically
relevant gene signatures associated with breast cancer subtypes'®’ or T-cell inflammation. & For
breast cancer, we examined the association of breast cancer molecular subtypes, as defined by
RNA-seq PAM 50 gene signatures,” and clinical biomarker tests (Figure 4). The clinical biomarker
test results for ER/PR/HER2 align as expected with the five typical breast cancer molecular
subtypes predicted using the PAM 50 gene signature, indicating a good level of confidence in the
compatibility of the Avatar clinical and transcriptomic data. Using transcriptomic data, we
calculated a summary score for the 18-gene T-cell inflamed signature and dichotomized at the
median as “hot” (score above median) or “cold” (score at or below the median).*® We examine
whether melanoma patients with varying tumor T-cell inflamed gene signatures had different
real-world progression free survival (rwPFS) for specific treatment regimens. Melanoma patients
with higher expression of the signature, or “hot” tumors, demonstrated significantly longer
rwPFS compared to those with “cold” tumors (Figure 5; p=0.011). Cox regression confirmed the
prognostic value of the signature summary score as a continuous variable, with a higher score
associated with longer rwPFS (Supplemental Table 2; Hazard Ratio=0.98 (95% Cl 0.97-0.99,
p=0.007)), adjusting for age, sex, and site of collection. The observation of longer rwPFS for
Avatars with higher expression of the T-cell inflamed signature agrees with the original report of
the signature, in which high expression of the signature was associated with a favorable clinical

response to immune checkpoint inhibition (ICl) measured by RECIST criteria.*®



To demonstrate insights derivable from the Avatar WES dataset, we show distributions of
somatic mutations and copy number alterations in clinically actionable biomarkers with FDA-
clear companion diagnostic tests across multiple cancer types (Figure 6), and tumor mutation
burden (TMB) scores (Supplemental Figure 2A). Overall, both the distribution of somatic
mutations and TMB in Avatar replicated previous results from TCGA.'° At the tumor site and
histology level, we compared somatic mutation rates of known oncogenes and tumor
suppressors between lung adenocarcinoma (LUAD; n=891) and lung squamous cell carcinoma
(LUSC; n=405). Supplemental Figure 2B shows the top six differentially mutated genes, with KRAS
(36% in LUAD vs. 4% in LUSC) and TP53 (40% in LUAD vs. 80% in LUSC) mutations showing
mutually exclusive profiles (Fisher exact p = 1.8E-8). In a colorectal cancer cohort, we predicted
the four-consensus molecular subtyping (CMS) from RNA-seq data?® and examined the
mutational profiles in the top mutated genes by CMS subtype in Supplemental Figure 2C. In
addition, Soupir et al. leveraged the Avatar dataset to examine the molecular landscape across a
broad group of sarcomas.?! In an analysis of 1162 patients with tumor and germline WES, they
reported a significantly higher mutation frequency in metastatic tumors compared to primary
tumors, which was largely accounted for by an increase in frequency of the most common tumor
suppressors TP53 (26% vs. 16%, Chi-squared p = 0.0007) and ATRX (8.9% vs 5.2%, Chi-squared p
= 0.04).%! These findings in both common and rare cancers demonstrate the broad applicability
of this clinicogenomic data resource and the vast potential to generate novel insights into the

underpinnings of multiple cancers.



Translational Research Utilizing Avatar

Representative high impact use cases demonstrate both academic collaborations within ORIEN
and collaborations with industry partners to support in-depth discovery and translational
research.

Immuno-oncology

ORIEN scientists established the immuno-oncology (I0) research interest group (RIG) to identify
molecular markers to aid in predicting clinical outcomes, early indications of response or
progression, provide biological insight into therapeutic resistance and identify immune-related
toxicities.???3 For example, 10 RIG scientists utilized real-world clinical and transcriptomic Avatar
data from patients with advanced malignancies who underwent immune checkpoint inhibitor
treatment to derive an immunoscore based on CD3+ and CD8+ T cell densities. The imputed
immunoscore effectively predicted overall survival.?> They went on to examine mRNA co-
expression levels of PD-1 with 13 immune checkpoints across multiple cancers within the Avatar
dataset. They reported co-expression of PD-1 with 13 immune checkpoints and PD-L1 varied
across selected malignancies, with cutaneous melanoma and urothelial carcinomas having PD-1
expression correlated with multiple co-inhibitory receptors (cutaneous melanoma: LAG3, TIM3,
TIGIT, VISTA and urothelial carcinoma: TIGIT, CTLA4, LAG3, VISTA) and co-stimulatory molecule
(cutaneous melanoma: CD137 and urothelial carcinoma: OX40, CD27, CD137, HVEM), while there
was limited co-expression observed in pancreatic and ovarian tumors. The |0 RIG collaborative
multidisciplinary effort represents the synergistic power of a broad partnership represented by

the network.
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Precision Oncology in Multiple Myeloma

In alignment with ORIEN’s founding principles of academic—industry partnership, ORIEN
scientists, Aster Insights, and industry collaborators worked together to advance precision
oncology for multiple myeloma (MM) patients, a setting where no current guidelines exist to
inform optimal therapy selection for individual patients. The team integrated matched Avatar
molecular data with ex vivo drug sensitivity screening data from the Ex Vivo Mathematical
Myeloma Advisor (EMMA)?*% in functional genomic analyses to generate transcriptional
“footprints” with both predictive and mechanistic utility. These transcriptomic footprints were
identified and validated for key MM therapies, including the anti-CD38 monoclonal antibody
daratumumab (DARA) and the nuclear export inhibitor selinexor (SELI).2® The gene signatures
accurately classified clinical responses and demonstrated that optimal disease control occurred
with sequential therapy—daratumumab followed by selinexor. This work contributed to the
design of a Phase 3 clinical trial (NCT05028348) evaluating selinexor-based therapy following
anti-CD38 monoclonal antibody failure. These efforts demonstrate how the Avatar dataset can
be leveraged to identify clinically actionable biomarkers and improve therapeutic strategies that

directly impact patient care.

Computational pipeline to identify the Tumor Microbiome

The tumor microbiome is a relatively understudied aspect of the tumor microenvironment and
therefore an ORIEN RIG was established to focus on leveraging Avatar data to explore the tumor
microbiome. The Microbiome RIG applied a) computational pipeline to identify and quantify non-

human sequences within tumor transcriptome data?’ and b) a graph-based neural network

11



approach to characterize relationships between microbes and host gene expression.?® They
identified associations between tumor microbiome and overall survival, age, BMI, and other
features. 2’ This RIG applied their pipelines to specific research questions across disease groups,
including 1) a cohort of melanoma patients treated with immunotherapy, where the
performance of machine-learning-based outcome predictions improved when incorporating
tumor microbe counts, in addition to gene expression?® and 2) a cohort of rectal cancer patients
treated with radiation, where the presence of certain microbes was associated with
radioresistance.3° Critically, these efforts benefited from validation of the presence of microbes
in the same tumors and follow-up experiments in preclinical models to generate alternative
microbe-directed sequencing, metabolomics, epigenetics, and in situ datasets to establish

causality.

DISCUSSION

ORIEN is an alliance of academic cancer centers committed to accelerating cancer research
through strategic data sharing and collaboration. Founded in 2014, ORIEN was built on a bold
vision to transform the pace, scale, and precision of drug discovery by anticipating future needs
for biomarker-driven trials. Over the past decade, ORIEN has fostered a robust culture of
collaboration which is evident by the over 200 intermember projects initiated since 2018 and
establishment of over 13 RIGs that bring together cross-functional scientists, clinicians, and
industry experts. A key differentiator of ORIEN is its operating model, which enables dynamic
public-private partnerships—most notably with Aster Insights—to support the network’s mission

and sustainability. ORIEN continues to play a vital role in uniting cancer centers, patients, and
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industry around a shared mission to drive scientific discovery, identify novel predictive and

prognostic biomarkers, and improve outcomes for cancer patients.

Together ORIEN and Aster Insights have generated the Avatar clinicogenomics data resource that
was intentionally designed to support basic, translational, and clinical research in oncology, as
well as the drug development lifecycle for industry partners. The Avatar dataset is a deep
characterization of a subset of patients enrolled in the TCC protocol with both tumor and
germline sequencing and comprehensive clinical data. Paramount to the success of the Avatar
program was the creation of foundational workflows and critical infrastructure that enabled the
program to overcome the challenges of harmonizing real-world data, establish pipelines for
standardized sequencing, and create a structured data model across the cancer centers in ORIEN.
Herein, we have demonstrated the value and reliability of the Avatar dataset through our ability
to recapitulate well-known findings from other large datasets, such as TCGA!, or those
generated through large clinical trials. Furthermore, we have provided evidence that the Avatar
transcriptomic data can be pooled with external datasets, such as TCGA, increasing the impact of
this resource for large scale projects that may require multiple sources, such as when studying

the genomics of rare cancers.

Avatar supports a diverse array of studies across over 200 ORIEN-wide scientific publications and
is extensively utilized in both industry and academic fields

(https://www.asterinsights.com/research/publications). Herein, we highlight several ways that

transdisciplinary research groups have leveraged the clinicogenomic data resource to address a
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broad spectrum of discovery and precision oncology research questions including identification
of molecular predictors of treatment response, conducting a molecular landscape analysis across
a broad group of rare cancers, resistance mechanisms across tumor types, integrated functional
genomics analysis of drug sensitivity, and the application of novel computational pipelines. Since
its inception, the ORIEN TCC and Avatar datasets have impacted clinical care. One of the most
notable successes of industry use of TCC data was demonstrated in 2019 with Merck’s
exploration of PD-L1 expression across >25 tumor types to identify additional indications that
warranted prioritization for clinical development of pembrolizumab as a monotherapy beyond
melanoma and non-small cell lung cancer, including MSI-high colorectal, head and neck, bladder,
triple-negative breast cancers, and gastric cancer.3! In collaboration with Celgene, a study
leveraging TCC patients refuted the linkage between the use of lenalidomide for treating MM
and development of secondary malignancies.3? Furthermore, a novel gene expression signature
that demonstrated sensitivity to venetoclax in MM tumors with a t(11;4) was developed using
Avatar transcriptomic data.3® These findings contributed to the design of an ongoing Phase |
study (NCT03314181) evaluating venetoclax in combination with daratumumab and
dexamethasone (VenDd) in patients with relapsed or refractory MM and the t(11;14)
translocation.3* We anticipate continued discoveries as the Avatar dataset and our partnerships
with industry. These examples highlight the depth and breadth of collaborative, data-enabled
research powered by the Avatar dataset and underscore the enduring impact of the TCC patient

community in advancing precision oncology and discovery research.

It is crucial to contextualize ORIEN and the Avatar precision oncology clinicogenomic data
resource alongside other oncology networks and datasets. ORIEN builds on the standardized

14



sequencing approach pioneered by TCGA#3* and has surpassed its size with over 37,000
sequenced tumors—more than 2.5 times the size of TCGA - and continuing to grow. A key
distinction is that TCGA primarily includes sequencing of treatment-naive, primary tumor
specimens, whereas the Avatar dataset comprises a broader range of primary and metastatic
samples, collected both before and after treatment exposure. It also features deeper clinical
annotation than TCGA,** including longitudinal data on outcomes, disease progression by line of
therapy, and contemporary treatments such as immunotherapies and antibody-drug conjugates.
Avatar is built on a biobanking framework that allows researchers to request additional
biospecimens or analytes, which TCGA does not offer. In terms of patient diversity, Avatar
includes a racial and ethnic distribution comparable to TCGA, with an increase in Hispanic/Latino
representation and more complete capture of demographic data. Other precision oncology
efforts, such as American Association for Cancer Research Genomics Evidence Neoplasia
Information Exchange (AACR GENIE)® and Memorial Sloan Kettering-Integrated Mutation
Profiling of Actionable Cancer Targets (MSK-IMPACT),3® are based on targeted panels used in
clinical care and typically cover 300-650 cancer-related genes. In contrast, Avatar includes
tumor/normal sequencing data for ~20,000 genes, enabling discovery of novel targets and better
understanding of understudied genes involved in tumorigenesis, resistance, and progression.
Commercial platforms like Tempus3’2® and Caris® also provide sequencing and clinical data for
research use, but they often lack the longitudinal depth and biospecimen accessibility available
through Avatar. Importantly, ORIEN is the only major effort built on a prospective protocol, which

includes patient consent for longitudinal follow-up, data sharing, and recontact. This integrated,
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patient-centric model positions Avatar as a uniquely comprehensive and flexible resource for

advancing precision oncology research.

ORIEN is an independent network that was established primarily by institutional investments
from member cancer centers and private funding from Aster Insights. The network has developed
a robust infrastructure and culture that enables centralized data sharing across institutions,
facilitating both intermember and external collaborations. While not subject to NIH data sharing
mandates, ORIEN and Aster Insights have developed a data repository guided by FAIR principles
of being Findable, Accessible, Interoperable, and Reusable.®® This framework incorporates
mechanisms for sharing processed datasets, metadata, and analytic code to enhance
reproducibility and transparency in research publications. It also provides controlled access to
raw data for peer review when deemed necessary. A project request portal
(https://www.oriencancer.org/research-programs) facilitates collaboration requests and
supports the engagement of the external community in the shared use of this resource. Although
ORIEN’s structure and funding model differ from NIH-supported consortia, the ORIEN data
repository aligns with the objectives of contemporary data sharing policies and presents a
compelling model for supporting collaborative academic oncology research while providing
commercial opportunities for data licensing, generating analytic insights, and other solutions for
industry partners in order to continually enhance the network’s data, capabilities, and

sustainability.

This scientific collective is a resource of centers dedicated to continuously building and enhancing

an integrated, real-time clinical and molecular data ecosystem across its member institutions. In
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2023, ORIEN and Aster Insights launched the “Galaxy” initiative as a data resource enhancement
focused on automating clinical data feeds and incorporating clinical sequencing and other CLIA-
certified diagnostic testing results for as many TCC and Avatar patients as possible. Galaxy is a
major step towards the timely and efficient identification of patients who are optimally suited
for a specific treatment or clinical trial based on their clinical and molecular profile, enabling
clinical trial matching via the ORIEN Clinical Trial Network (OCTN) which has been a foundational
goal of the network since its origin. Other efforts to improve resources and infrastructure are
also well underway, including the alignment of all data models with Observational Medical
Outcomes Partnership (OMOP) standards*® to facilitate broader data harmonization, expansion
into new modalities such as digital pathology with whole slide images (WSI), and the
development of cloud-based research workbenches to enable secure, collaborative analysis of

shared datasets without local downloads.

Precision oncology data resources have tremendous potential to leverage the power of artificial
intelligence (Al) and machine learning.*! Zephyr Al (https://www.zephyrai.bio) is Aster Insights’
new partnering parent company and contributes a robust suite of Al and machine learning tools
that expand the translational potential of the ORIEN network. Zephyr’s proprietary platforms and
Al products offer a wide range of innovative tools to advance precision oncology. These include
the Nexus™ platform, which transforms complex real-world data (RWD) into real-world evidence
to support rapid cohort discovery, outcomes analysis, predictive modeling and validation; and
the AIM-x™ suite - a collection of multi-modal, interpretable Al models for drug response
prediction and expression reconstruction. All AIM models are designed to operate on clinical and

molecular data inputs routinely collected in real-world settings and can be fine-tuned to partner-
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specific therapies or commercial LDT assays to enable the co-development of Al-enabled
companion diagnostics (AI-CDx™). The integration of Zephyr’'s scalable, explainable Al with
ORIEN’s longitudinal data, network of expert clinical investigators, and trial infrastructure has the
potential to unlock powerful new capabilities for prospective and retrospective validation, fit-
for-purpose cohort construction, and in silico clinical trial enrichment. Together, these resources
provide the foundation for the ORIEN Clinical Trial Network to become a leading partner for
precision oncology development and advancing the long-standing goal of delivering point-of-care
tools that translate decades of research and real-world outcomes into individualized patient

insights.

ORIEN remains committed to growing the network and TCC to advance precision medicine, drive
scientific discovery, and promote collaboration. With evolving capabilities toward real-time data
integration, expanded access to Al capabilities in collaboration with Zephyr Al, and a growing
ecosystem of interoperable platforms aligned with FAIR principles, the Galaxy and Avatar
resources are uniquely positioned to enable discovery, power clinical trial innovation, and honor

the contributions of patients by driving forward meaningful, high-impact cancer research.
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ONLINE METHODS

Participant Enroliment in Total Cancer Care

All ORIEN alliance members utilize a standard Total Cancer Care (TCC) protocol ®” or biospecimen
collection protocol that share common core elements within the TCC protocol. All participants
read and sign an IRB-approved Informed Consent Form to allow collection of clinical data and
specimens from routine medical care, storage of biospecimens for long-term use, lifetime follow-
up unless consent is withdrawn, contact for future research studies when appropriate, and
research data to be shared with multiple stakeholders to advance cancer knowledge. New
patients are continually enrolled to TCC, while others may withdraw from network data sharing
upon their request. All biospecimens collected as part of TCC reside within the ORIEN members

biorepository or pathology department until requested for a project.
ORIEN Avatar Project

TCC consented patients with biospecimens, and who meet eligibility criteria, may be included
into the Avatar Project. Avatar includes research use only (RUO) grade whole-exome tumor and
germline sequencing, transcriptome RNA sequencing, and collection of deep longitudinal clinical
data with lifetime follow up. The Avatar dataset is updated continuously with batched releases
every 2-3 months to add additional patients and update data on existing patients. The version
25.05 Avatar release files were used to generate the figures in this snapshot of the ever-evolving

dataset.

Sequencing Methods (RUO)

At each ORIEN site, solid tumor samples from TCC consented patients eligible for Avatar are reviewed by
a clinical pathologist. Solid tumors are required to be > 30% tumor; if not, macrodissection is performed
to increase tumor content. Avatar specimens undergo nucleic acid extraction and sequencing at
HudsonAlpha (Huntsville, AL), Fulgent Genetics (Temple City, CA), or Azenta Life Sciences (South Plainfield,
NJ). For frozen and OCT tissue DNA extraction, Qiagen QIASymphony DNA purification is performed,
generating 213 bp average insert size. For frozen and OCT tissue RNA extraction, Qiagen RNeasy Plus Mini
kit is performed, generating 216 bp average insert size. For FFPE tissue, Covaris Ultrasonication FFPE

DNA/RNA kit is utilized to extract both DNA and RNA, generating 165b bp average insert size. For DNA
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sequencing, preparation of Aster Insights Whole Exome Sequencing (WES) libraries involves hybrid
capture historically using an enhanced Roche NimbleGen (Madison, WI; 34.7 Mb) or IDT WES kit
(Coralville, IA; 38.7 Mb) with additional custom designed probes for double coverage of 440 cancer genes
and most recently updated to an expanded Twist Biosciences probe set (San Francisco, CA; 44.8 Mb)
designed for expanded coverage of specified intronic regions and double coverage of 620 cancer-related
genes. Library hybridization is performed at either single or 8-plex and sequenced on an lllumina NovaSeq
6000 and NovaSeq X instrument generating a minimum of 100 bp paired reads. WES is performed on
tumor/normal matched samples with the normal covered at 100X and the tumor covered at 300X
(additional 440 or 620 cancer genes covered at double coverage; 200X for normal and 600X for tumor).
Both tumor/normal concordance and gender identity QC checks are performed. Minimum threshold for
hybrid selection is >80% of bases with >100X fold coverage for tumor and >50X fold coverage for normal.
RNA sequencing (RNA-Seq) is performed using the Illumina TruSeq RNA Exome with single library
hybridization, cDNA synthesis, library preparation, sequencing a minimum of 100 bp to a coverage of
100M total reads / 50M paired reads. Gene expression was quantified as Transcript Per Million (TPM),
log2(TPM+1) transformed, and ComBat normalized to adjust for batch effects related to preservation

method.

Whole Exome and Transcriptome Sequencing Analysis Pipelines

Matched tumor and normal WES adapter-trimmed FASTQ files are aligned to the human genome
reference (GRCh38/hg38) using the BWA-MEM aligner (sentieon_release_201911). Resulting
alignment files are sorted, duplicate reads are marked, and base qualities recalibrated using the
Sentieon driver to calculate QC metrics. Alignment files are compressed in .cram format, which
can be converted to .bam format using SAMtools. Haplotyper is used to detect single nucleotide
variants (SNVs) and insertions/deletions (INDELs) for both germline and tumor samples,
independently. For tumor/normal pairs, TNhaplotyper2 is used for detection of somatic SNPs and
INDELs with the —trim_soft_clip option enabled. Variant files are provided in compressed Variant
Call Format (.vcf.gz) and Genomic VCF (.g.vcf.gz) file formats. Variant annotation is performed
using Funcotator (GATK v4.1.6.0). Functional annotation includes amino acid coding changes,
association with the Catalogue of Somatic Mutations in Cancer (COSMIC), ClinVar relationships

among human variants and phenotypes, the Genome Aggregation Database (gnomAD) of
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population polymorphisms, and familial cancer genes. A Panel of Normals (PoN) filter is applied
on Funcotator annotated tumor and somatic vcf. Mutations are filtered against the PoN mutation
list, adding “panel_of _normals” in FILTER field. The PoN filter tag is used to reduce the False
Discovery Rate (FDR) for somatic mutations by identifying both population polymorphisms and
systematic sequencing artifacts. The PoN includes mutations that are present in >0.5% of the

entire ORIEN Avatar population of unrelated germline samples.

For RNA-sequencing data, adapter sequences are trimmed from the raw tumor sequencing
FASTQ file. Adapter-trimming via k-mer matching is performed along with quality-trimming and
filtering, contaminant-filtering, sequence masking, GC-filtering, length filtering and entropy-
filtering. The trimmed FASTQ file is used as input to the read alignment process. The tumor
adapter-trimmed FASTQ file is aligned to the human genome reference (GRCh38/hg38) and the
Gencode genome annotation v32 using the STAR aligner. The STAR aligner generates multiple
output files used for Gene Fusion Prediction and Gene Expression Analysis. STAR-Fusion (v1.8.0)
and Arriba (v1.1.0) gene fusion algorithms are applied to the STAR aligner output files. Gene
Fusion predictions from both STAR-Fusion and Arriba are merged into a single output file that
removes duplicate putative gene fusion calls, removes putative gene fusion calls of low
confidence — reporting gene fusions with at least one (1) junction read and at least one (1)
spanning read, and removes gene fusion calls occurring within the same gene, within snoRNAs,

within rRNAs, or mitochondrial genes.

Clinical Data Abstraction, Harmonization, and Standardization

Data abstractors collect data from the medical records of TCC patients into a standard ORIEN-
wide Avatar case report form set through facility-specific REDCap electronic data collection (EDC)
tool following consistent Avatar abstraction guidelines. Medical record data abstraction is the
primary source of data across participating member institutions, followed by extraction of data
from the EMR or institutional data warehouses. Clinical data curated for the Avatar program
include demographics, self-reported clinical history and risk factor data, cancer diagnoses and
staging, comorbidities, prior treatments and procedures, performance status, laboratory and

radiologic test results, toxicities, outcomes, and survival status (Figure 1C). Treatment response,
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progression-free survival, disease-specific survival, and overall survival are derived from active
follow-up of all patients. Avatar patients have a baseline set of data collected at the time the
tumors are shipped for sequencing and updates submitted in 6-month intervals. A limited-
dataset is securely transferred to Aster Insights, who harmonizes abstracted clinical data
elements and molecular sequencing files into a standardized, structured format to enable the

sharing of aggregated de-identified data across the Network.

The Clinical Data Management Team at Aster Insights conducts bi-monthly training sessions for
ORIEN abstraction staff. These training sessions provide updates to abstraction guidance,
diagnosis and staging references, and various other oncology topics. Case review examples are
also provided, based on Member-submitted questions and requests. Aster Insights has worked
with ORIEN Members to establish Data Monitoring Services, providing case review and updates
for select case lists. These monitoring activities provide insight into Member abstraction staff
practices and capabilities, culminating in detailed reports comparing site-abstracted data to the
Aster Insights source verification, with any deviations noted. These reports are used to establish
conformity with best practices or to recommend additional training opportunities for the

Member’s clinical abstraction staff involved.

Data Quality Processes and Measures

Upon ingestion, the Avatar clinical data records are subjected to more than 150 automated
quality checks that evaluate date inconsistencies, domain-level concordance with populated
records, and determine critical field population. Manual reviews are conducted to validate the
biospecimen metadata alignment with the clinical data with in-depth review of select record sets.
Cumulative discrepancy reports are issued to the submitting ORIEN Member for the review,
remediation, and resubmission of a corrected data set, and the updated data are again quality
checked. Additionally, the cumulatively collected and updated clinical data are subjected to
periodic retrospective consistency and completeness reviews. The retrospective review will re-

evaluate all clinical data collected, identify potential conflicting records and evaluate the
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completeness of all clinical data collected. For patients confirmed to be deceased, we require all
clinical domains being verified after the date of death to assure all clinical data available were
reported. For patients without death information, we require all clinical domains to be verified
within the past 12 months. A detailed work list was generated including all patients that have
death date conflict or incomplete clinical data reports, and returned to ORIEN member sites to

correct any mistakes and make sure complete clinical data are abstracted.

Real-World Progression-Free Survival Analysis and Median Follow-up

A cohort of 211 Avatar melanoma patients was identified with annotated diagnosis dates,
evaluable rwPFS endpoints and with an initiation date of immune-checkpoint inhibitor (ICI)
therapy after RNA-seq specimen collection. Median follow-up was calculated according to the
reverse Kaplan-Meier.*? Progression events were defined as: annotated progression/recurrence
in clinical records, annotation of therapy stopped due to progression, identification of new
metastases, or death, with right censorship at date of last contact for patients without a
progression event. The summary score for the gene T-cell inflamed signature 8 is a linear
combination of normalized, log2 Transcript Per Million (TPM) values for the 18 reported genes,
using simple weights of 1 and -1 for genes positively and negatively associated with clinical

response, respectively, in the original report.

Data Availability Statement

The data used in this study was generated through private funding by Aster Insights
(www.asterinsights.com) in collaboration with the Oncology Research Information Exchange

Network (ORIEN, www.oriencancer.org). Inquiries regarding access to the data or collaboration

within ORIEN should be submitted to the corresponding author or can be submitted here at

https://researchdatarequest.orienavatar.com/.

Author Contributions

23



Conceptualization: MLC, EMS; Data curation: MLC, XL, DMM, MDR, QZ, RIR, ACT, TIS, AO, GDG,
DS, AAT, KHS, RRC, MBM, ASS, PRS, BJM, SH, JMK, BME, NS, SBE, CSJ, GIW, MDM, VFB, LH, JWL,
DPM, JW, SL, SG, GMR, TPL, DGH, MAJ, CA, BS, ARN, CDS, KPL, BPS, BCS, DAN, GCF, HC, CMU, RP,
WSD, PA, EMS; Formal Analysis: MLC, XL, DMM, MDR, QZ, RR, ACT, TIS, AO, GDG, DS, AAT, KHS,
PRS, RRC, MBM, ASS, PA; Project administration: MLC, NS, LH, DPM, DGH, MAJ, EMS; Resources:
ACT, TIS, AO, GDG, DS, AAT, KHS, BJM, BME, SBE, CSJ, GIW, MDM, VFB, JWL, JW, SL, SG, GMR,
TPL, CA, BS, ARN, CDS, KPL, BPS, DAN, GCF, HC, CMU, RP, WSD, PA; Visualization: MLC, XL, DMM,
MDR, QZ, TIS, AO, GDG, PA; Writing — original draft: MLC, XL, DMM, MDR, QZ, RJR, ACT, DS, AAT,
KHS, RRC, MBM, ASS, PRS, SH, DC, JMK, PA, EMS; Writing — review & editing: MLC, XL, DMM,
MDR, QZ, RIR, ACT, TIS, AO, GDG, DS, AAT, KHS, RRC, MBM, ASS, PRS, BJM, SH, DC, JMK, BME,
NS, SBE, CSJ, GJW, MDM, VFB, LH, JWL, DPM, JW, SL, SG, GMR, TPL, DGH, MAJ, CA, BS, ARN, CDS,
KPL, BPS, BCS, DAN, GCF, HC, CMU, RP, EAV, JS, AKJ, WSD, PA, EMS.

Acknowledgments

Thank you to the patients who are TCC participants and who donate their samples for research
purposes and to our patient advisors for their constant input. We also thank all past and present
ORIEN and Aster Insights leaders, TCC Pls, researchers, operational staff, consenters, and
program managers for their contributions. OSU: DS was supported by an American Lung
Association Innovator Award (1046611) and the Sarcoma Foundation of America (2022 SFA 16-
22). Moffitt: KHS & ASS labs — We would like to acknowledge support for the ex vivo drug
screening (Ex Vivo Mathematical Myeloma Advisor, EMMA) platform from philanthropic
Pentecost Myeloma Research Center (PMRC), the Bowlin Family Fund, the Moffitt Cancer Center
Physical Sciences in Oncology (PSOC) Grant 1U54CA193489-01A1, Florida Department of Health
and Scientific alliances with (i) AbbVie Inc. and (ii) Karyopharm Therapeutics, and Cancer Center
Support Grant P30-CA076292 supporting Tissue Core, Bioinformatic and Biostatistics shared
resources. HCl: We would like to sincerely thank all patients and their families for donating their
samples for research purposes. In addition, we would like to thank the numerous clinical and
research teams who made this work possible. This work was supported by the High-Throughput

Genomics and Bioinformatics Shared Resource (GBA), the Biospecimen and Molecular Pathology

24



Shared Resource (BMP), the Genetic Counseling Shared Resource (GC) and the HCI Data Science
team. We acknowledge financial support for the research reported in this publication provided
by the Huntsman Cancer Foundation. Morehouse: MSM/TU/UAB CCC Partnership NCI
#U54CA118638. KUCC: This study was supported by the National Cancer Institute (NCI) Cancer
Center Support Grant Funding P30CA168524 and used the Biostatistics and Informatics Shared

Resource (BISR) & Biospecimen Repository Core Facility (BRCF).

Recognition of Key Consortium Contributors
Ohio State University: Laura Monovich, Daniel Stover

Moffitt Cancer Center: Alina Hoehn, Todd Hoffert, Michelle Fournier, Natasha Francis, Myra
George, Kyle Hawkins, Rachid Baz, Melissa Alsina, Dan Sullivan, Thomas Sellers, Dana Rollison,
Phillip Reisman

Huntsman Cancer Institute, University of Utah: Angela Lam, Mikaela Larson, Wendy Kohlmann
University of Colorado Cancer Center: Dan Theodorescu, Jennifer Diamond, Kyra Anderson
Markey Cancer Center at University of Kentucky: Elizabeth Belcher, Michael Cavnar

University of Southern California Norris Comprehensive Cancer Center: Serina Ovalle

Indiana University Simon Cancer Center: Emily Nelson, Anna Maria Storniolo

Roswell Park Comprehensive Cancer Center: Monica Murphy

University of Virginia Cancer Center: Joyce A. Miller, Elizabeth Mulcahy

Holden Cancer Center at the University of lowa: Melissa Curry, Kristen Coleman

Rutgers Cancer Institute: Frances Di Clemente

Stephenson Cancer Center: Myria Reed

Murtha Cancer Center: Ashley Polanco, Geeta Upadhyay, Robert Kortum

Morehouse School of Medicine: Roland Matthews and Brian M. Rivers

Disclosure of Conflict of Interest
The authors declare the following competing interests:

25



KHS: Grant research funding to the institution - AbbVie Inc and Karyopharm Therapeutics;
Honoraria - Bristol Myers Squibb, Janssen, Amgen, Adaptive, Sanofi, GlaxoSmithKline and Takeda

PRS: Honoraria - FORUS Therapeutics Inc. and Multiple Myeloma Research Foundation

JMK: Ownership - VesiCure Technologies, Helix Diagnostics; Grant support to institution -
Lilly@LOXO, Artemilife

MDM: Research funding to the institution - Merck and Taiho

VFB: Research funding to the institution - Pfizer/SeaGen, AstraZeneca, Olema, Gilead; Consultant
fees - AstraZeneca, Pfizer/SeaGen and Gilead

SG: Consulting - EQRX, Foghorn Therapeutics, Merck, Roche, KayoThera, Ibsen; Research funding
- Gandeeva Therapeutics, ORIEN Foundation

GMR: Advisory board - Pfizer and AstraZeneca

TPL: Equity and Professional Consulting Services - Flagship Pioneering, Nouveau Biosciences LLC,
CanceRX Foundation, Inc., Dren Bio, Inc., Keystone Nano, Inc., Kymera Therapeutics, Inc., Recludix
Pharma, Inc.

HC: Advisory Board/Consultant - Best Doctors/Teladoc, Orbus Therapeutics, PPD, Chimerix,
AnHeart Therapeutics, Alpha Biopharma, Sumitomo Pharma Oncology, Novartis, Servier;
Research Funding (Site Pl/Institutional Contract) - Orbus, GCAR, Bayer, CNS Pharma, Sumitomo
Dainippon Pharma Oncology, Samus Therapeutics, Erasca, AnHeart Therapeutics, Novartis

MLC, XL, DMM, MDR, QZ, RR, SH, AKJ, WSD, PA: Employment by Aster Insights
EAV, JS: Employment by Zephyr Al

ACT, TIS, AO, GDG, DS, AAT, RRC, MBM, ASS, BIM, DC, BME, NS, SBE, CSJ, GJW, LH, JWL, DPM,
JW, SL, DGH, MAJ, CA, BS, ARN, CDS, KL, BPS, BCP, DAN, GCF, CMU, RP, EMS: none

Disclaimer

The contents of this text are the sole responsibility of the authors and do not necessarily reflect
the views, assertions, opinions, or policies of the Uniformed Services University of the Health
Sciences, the Department of Defense, or the Departments of the Army, Navy, or Air Force.
Mention of trade names, commercial products, or organizations does not imply endorsement by
the U.S. government. The content is solely the responsibility of the authors and does not
necessarily represent the official views of the NIH.

REFERENCES

26



10.

11.
12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

Paolillo, C., Londin, E. & Fortina, P. Next generation sequencing in cancer: opportunities and
challenges for precision cancer medicine. Scand J Clin Lab Invest Suppl 245, S84-91 (2016).
Berger, M.F. & Mardis, E.R. The emerging clinical relevance of genomics in cancer medicine.
Nat Rev Clin Oncol 15, 353-365 (2018).

Pich, O., et al. The translational challenges of precision oncology. Cancer Cell 40, 458-478
(2022).

Yang, H.T., Shah, R.H., Tegay, D. & Onel, K. Precision oncology: lessons learned and
challenges for the future. Cancer Manag Res 11, 7525-7536 (2019).

Fountzilas, E. & Tsimberidou, A.M. Overview of precision oncology trials: challenges and
opportunities. Expert Rev Clin Pharmacol 11, 797-804 (2018).

Caligiuri, M.A., Dalton, W.S., Rodriguez, L., Sellers, T. & Willman, C.L. Orien. Oncology Issues
31, 62-66 (2016).

Dalton, W.S., Sullivan, D., Ecsedy, J. & Caligiuri, M.A. Patient Enrichment for Precision-Based
Cancer Clinical Trials: Using Prospective Cohort Surveillance as an Approach to Improve
Clinical Trials. Clin Pharmacol Ther 104, 23-26 (2018).

Consortium, A.P.G. AACR Project GENIE: Powering Precision Medicine through an
International Consortium. Cancer Discov 7, 818-831 (2017).

Muquith, M., et al. Tissue-specific thresholds of mutation burden associated with anti-PD-
1/L1 therapy benefit and prognosis in microsatellite-stable cancers. Nat Cancer 5, 1121-
1129 (2024).

Fenstermacher, D.A., Wenham, R.M., Rollison, D.E. & Dalton, W.S. Implementing
personalized medicine in a cancer center. CancerJ17,528-536 (2011).

Kramer MR, P.M. The Ecosystem of Shared Value. in Harvard Business Review 80-89 (2016).
Gao, J,, et al. Integrative analysis of complex cancer genomics and clinical profiles using the
cBioPortal. Sci Signal 6, pl1 (2013).

Cerami, E., et al. The cBio cancer genomics portal: an open platform for exploring
multidimensional cancer genomics data. Cancer Discov 2, 401-404 (2012).

Cancer Genome Atlas Research, N., et al. The Cancer Genome Atlas Pan-Cancer analysis
project. Nat Genet 45, 1113-1120 (2013).

Liu, J., et al. An Integrated TCGA Pan-Cancer Clinical Data Resource to Drive High-Quality
Survival Outcome Analytics. Cell 173, 400-416 €411 (2018).

Perou, C.M., etal. Molecular portraits of human breast tumours. Nature 406, 747-752 (2000).
Parker, J.S., et al. Supervised risk predictor of breast cancer based on intrinsic subtypes. J
Clin Oncol 27, 1160-1167 (2009).

Ayers, M., et al. IFN-gamma-related mRNA profile predicts clinical response to PD-1
blockade. J Clin Invest 127, 2930-2940 (2017).

Alexandrov, L.B., et al. Signatures of mutational processes in human cancer. Nature 500,
415-421 (2013).

Komor, M.A,, et al. Consensus molecular subtype classification of colorectal adenomas. J
Pathol 246, 266-276 (2018).

Soupir, A., et al. Genomic, transcriptomic, and immunogenomic landscape of over 1300
sarcomas of diverse histology subtypes. Nat Commun 16, 4206 (2025).

Eljilany, ., et al. The T Cell Immunoscore as a Reference for Biomarker Development Utilizing
Real-World Data from Patients with Advanced Malignancies Treated with Immune
Checkpoint Inhibitors. Cancers (Basel) 15(2023).

Tarhini, A.A., et al. Differences in Co-Expression of T Cell Co-Inhibitory and Co-Stimulatory
Molecules with PD-1 Across Different Human Cancers. J Oncol Res Ther 9, 10224 (2024).

27



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Silva, A., Jacobson, T., Meads, M., Distler, A. & Shain, K. An Organotypic High Throughput
System for Characterization of Drug Sensitivity of Primary Multiple Myeloma Cells. J Vis Exp,
e53070 (2015).

Silva, A., et al. An Ex Vivo Platform for the Prediction of Clinical Response in Multiple
Myeloma. Cancer Res 77, 3336-3351 (2017).

Sudalagunta, P.R., et al. The Functional Transcriptomic Landscape Informs Therapeutic
Strategies in Multiple Myeloma. Cancer Res 85, 378-398 (2025).

Hoyd, R., et al. Exogenous Sequences in Tumors and Immune Cells (Exotic): A Tool for
Estimating the Microbe Abundances in Tumor RNA-seq Data. Cancer Res Commun 3, 2375-
2385 (2023).

Wang, C., et al. A Bioinformatics Tool for Identifying Intratumoral Microbes from the ORIEN
Dataset. Cancer Res Commun 4, 293-302 (2024).

Wheeler, C.E., et al. The tumor microbiome as a predictor of outcomes in patients with
metastatic melanoma treated with immune checkpoint inhibitors. bioRxiv (2023).

Benej, M., et al. The Tumor Microbiome Reacts to Hypoxia and Can Influence Response to
Radiation Treatment in Colorectal Cancer. Cancer Res Commun 4, 1690-1701 (2024).
Ayers, M., et al. Molecular Profiling of Cohorts of Tumor Samples to Guide Clinical
Development of Pembrolizumab as Monotherapy. Clin Cancer Res 25, 1564-1573 (2019).
Rollison, D.E., et al. Subsequent primary malighancies and acute myelogenous leukemia
transformation among myelodysplastic syndrome patients treated with or without
lenalidomide. Cancer Med 5, 1694-1701 (2016).

Silva, A.S,, et al. Ex Vivo Drug Sensitivity and Functional Genomics Platform Identifies Novel
Combinations Targeting Intrinsic and Extrinsic Apoptotic Signaling Pathways in Multiple
Myeloma. in American Society of Hematology, Vol. 136 (ed. Blood) 49-50 (Blood, Virtual,
2020).

Bahlis, N.J., et al. Phase | Study of Venetoclax Plus Daratumumab and Dexamethasone, With
or Without Bortezomib, in Patients With Relapsed or Refractory Multiple Myeloma With and
Without t(11;14). J Clin Oncol 39, 3602-3612 (2021).

Hutter, C. & Zenklusen, J.C. The Cancer Genome Atlas: Creating Lasting Value beyond Its
Data. Cell 173, 283-285 (2018).

Cheng, D.T., et al. Memorial Sloan Kettering-Integrated Mutation Profiling of Actionable
Cancer Targets (MSK-IMPACT): A Hybridization Capture-Based Next-Generation Sequencing
Clinical Assay for Solid Tumor Molecular Oncology. J Mol Diagn 17, 251-264 (2015).
Beaubier, N., et al. Integrated genomic profiling expands clinical options for patients with
cancer. Nat Biotechnol 37, 1351-1360 (2019).

Beaubier, N., et al. Clinical validation of the tempus XT next-generation targeted oncology
sequencing assay. Oncotarget 10, 2384-2396 (2019).

Wilkinson, M.D., et al. The FAIR Guiding Principles for scientific data management and
stewardship. Sci Data 3, 160018 (2016).

Hripcsak, G., et al. Observational Health Data Sciences and Informatics (OHDSI):
Opportunities for Observational Researchers. Stud Health Technol Inform 216, 574-578
(2015).

Liao, J., et al. Artificial intelligence assists precision medicine in cancer treatment. Front
Oncol12, 998222 (2022).

Schemper, M. & Smith, T.L. A note on quantifying follow-up in studies of failure time. Control
Clin Trials 17, 343-346 (1996).

28



29



FIGURES AND TABLES

The James
Holden Comprehensive 0 THE OHIO STATE UNIVERSITY R UTGERS NeALT NCI
Cancer Center INDIANA UNIVERSITY COMPREHENSIVE CANCER CENTER Rutgers Cancer Institute
HEALTH CARE F ﬂ MELVIN AND BREN SIMON 5 :
f '(‘ = , CANCER CENTER \ / /
UNIVERSITY OF UTAH 3 © L — N \ ~
HUNTSMAN /- |/

CANCER INSTITUTE

>

Cancer Center

NCI-DESIGNATED COMPREHENSIVE
CANCER CENTER

- GW Cancer Center

. UVA CANCER CENTER

j;" An NCI-Designated Comprehensive Cancer Center
7

USC Norris Comprehemwe

Cancer Center
Keck Medicine of USC

MOREHOUSE

SCHOOL OF MEDICINT

2 \ / ) {
THE UNIVERSITY OF KANSAS y & //”J\'“‘ b MOFFITT
CANCER CENTER ¢ - CANCER CENTER
/ ~3
h 3. Markey
QlHealth E’L:Eceern(s%?"ef &S Cancer Center R

An NCI Comprehensive Cancer Genter EEm | I |

Aster
Insights

QRIEN

‘ ‘ Standardized DATA:
Structured ini =
ég . Zrll Clinical Data Data M SHarmonation =P Industry Partners
". . Capture -Normalization
o -Aggregation

A -Standard Processing
A -Centralized Data-sharing
DESiQnat_ed Molecular Data [RALAMILSILY e Eos
‘ ilai s ST R e—————— -G overnance =p 22" cBioPortal
it e Vendors -Scientific Forums - . '

TAII standardized clinical and molecular data returned to contributing institution
Aggregated data available for collaborating institutions for intermember projects

ORIEN members have access to all aggregated Avatar data in cBioPortal
I (
[ X 1] i TL.,_\_
Diagnoses, Qutcomes & 3
History & Physical vital Status~ *
. .
- >

QRIEN

~

i

P

Cytogenetic m
Abnormalities & o
o

Tumor Markers  £E™%
Sy

~
D
CA Family
CO© D History
" O

S j L .
B AVATAR P =
"o % o -
L I( Rouls 300+ Clinical Variables T '%1 ]
-
X i L )
s S
Imaging Radiation =
@ Results éi Surgery,/Biopsy Therapy S
\ o ‘%‘% Results I'-I |:‘ Y.

Figure 1. ORIEN Member Map and Model. A. Map of the current ORIEN cancer centers across the
U.S. B. Workflow of ORIEN and Aster Insights partnership and data generation for Avatar Program.
C. Avatar dataset is a rich longitudinal clinical data comprised of 325 variables.
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Figure 2. Molecular Data Availability in Avatar. A. Pie chart showing disease type distribution (N =
32,557 Avatar patients, version 24.01). B. Stacked bar plot showing the number of tumor samples
forthe top 5 diseases with whole exome and/or whole transcriptome sequencing data available. The
counts are broken out to indicate specimens collected from the primary (P) site or a metastasis (M)
lesion, with consideration for the timing of specimen collection relative to treatments the patient
experienced, post-treatment representing a specimen collected after receiving either radiation,
chemotherapy, immunotherapy, a non-corticosteroid hormonal therapy, or any other cancer-
related medications. For some patients, multiple biospecimens may have been collected along their
medical journey, thus the total number of individual Avatar patients are listed below each disease
type, defined as a patient with at least one tumor biospecimen collected and sequenced, and
associated clinical data available. Samples labeled as “Unknown” status indicate that the Avatar is
missing necessary date information (e.g., per HIPPA regulations, precise age information is
suppressed for all Avatars >90 years old); Sample counts as of v24.01.
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Figure 3. Longitudinal Clinical Data — Capturing the Patient Experience. A. Heatmap of propensity for secondary malignancies
following initial diagnoses. B. Sankey plot of all patients who were diagnosed with multiple disease types showing up to the
first 4 diagnoses in the patient’s medical journey. The height of the boxes represents numbers of Avatar patients, and the
columns correspond to the order of diagnoses. The gray lines connecting consecutive diagnoses represent the number of
patients diagnosed with those subsequent cancer types. The top 14 disease types with the most cases are shown with all
other cancer types combined into “All Other.” The number (N) of patients with secondary, tertiary, and quaternary cancers
are denoted below. C. The medical journey of an individual patient diagnosed with muscle-invasive bladder cancer, with a
small number of select clinical data events displayed to show some of the more critical aspects of this patient’s story.



m

j : | | .l_ﬂ H”I w ||I|.!|!|.:|}|\|1l]‘|||q Iillzll-.f! ::ia.:lg :. |!.‘ !lllh'-rlhii‘gl | .%E?I

| {0 (e |'|' ||i| | l” (ot ELE SR Tt AR
!_"[ it i_fq | I i,'Hll“ulu i?'u’_'l? -| |iJ ||_|‘ ;- A '[ i|' |||i ches
lﬂl" 1 ,I \ ;' ||I ||| li!llzf\; ‘ I| ll}l'l‘ 'N I | “H i E%:B
1 | |||| N ‘|__I|! Ii d ' .'I- |

[ i I 8
d I | CODC20
, | KIF2C
0 ‘ Il BIRCS
I Al (I I RAMZ
1§ U N ' MYeL2
il | UBE2C
| 0 | | EGFR
| [ W rrraa
i KRT17
| ks

||
COH3

e

AN

i ll |-('1I!I|J| iil

£l Jk

HHHHH

I | e
BAGL

_,_..—_—

i ‘;W

I M il w 14 | ] it “1”»! i i

[ = 'M'l 'itu' hj" g |I||'f*i!|i|!‘.:.;.|']” B il
- A H' IR \w“": il ‘1"" w W‘ \w"‘ b I

|
ﬁ . M‘ﬂ
L "'\ il e
~5III }’{‘ \ Ulf I l BLVRA
|||ﬂﬂ” 1] e
EW H’n ) I | i Mz




Group == High =t= Low

1.004

0.754

o
TTTmT m

Survival probability

i
1
1
1
1
p=o0.011 !
1
I
1
i

0 25 5 ' 75 ' 10
Time interval (years)

Number at risk

High| 105 49 20 6
Low | 106 37 6

Figure 5. Demonstrating Real World Outcomes Utilizing Avatar. Real-world progression-free
survival (rwPFS) forimmune-checkpoint-inhibitor-treated melanoma patients, stratified by high
(T-cell inflamed) or low (non-T cell-inflamed) gene expression signatures.
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Figure 6. Molecular Profile of Clinically Actionable Biomarkers. OncoPrint from the ORIEN instance of cBioPortal displaying
somatic alterations in the top clinically actionable biomarker genes across disease types in Avatar (v24.01). CRC = colorectal;
Eso = esophageal; Panc = pancreatic; Endo = endometrial; H&N = head and neck; Lymph = lymphoma. N = 25,518 patients
profiled.
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