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Molecular Characterization

Introduction
The National Cancer Institute (NCI) is developing a Patient-Derived Models
Repository (PDMR) comprised of quality-controlled early-passage clinicallyannotated patient-derived xenografts (PDXs) and in vitro patient-derived cell cultures
(PDCs), including tumor cell and cancer-associated fibroblast cell cultures, to serve
as a resource for public-private partnerships and for academic drug discovery efforts.
These PDMs will be clinically-annotated with molecular information (whole exome
sequence, RNASeq) available in a publicly accessible database and will be available
to the extramural community for research use. The PDMR was established by NCI
at the Frederick National Laboratory for Cancer Research (FNLCR) in direct
response to discussions with academia and industry; the oncology community’s
highest priority need is better preclinical models that more faithfully reflect the
patient’s tumor and are associated with the patient’s treatment history. NCI has
focused on collecting specimens from patients with cancer that are underrepresented in many other PDX collections such as head and neck, pancreatic,
bladder, ovarian and small cell lung cancers, melanomas and sarcomas. In addition,
NCI is increasing its focus on creating PDXs from minority/underserved populations
and will soon be expanding to include pediatric cancers. The PDMR generates the
majority of its PDXs by subcutaneous implantation; however certain histologies have
better take-rates in either orthotopic or alternate implant sites. All SOPs and qualitycontrol standards developed by the PDMR as well as those shared by collaborators
will be posted to the public web site that houses the PDMR database.
The overall goal of NCI is to create a long-term home for at least 1000 models such
that sufficient biological and clinical diversity is represented to allow researchers to
ask questions such as: what is the impact of tumor heterogeneity on target
qualification or clinical response; do PDXs more faithfully represent the human tumor
for pharmacodynamic assay and predictive marker development; or can an
adequately powered preclinical PDX clinical trial lead to better evaluation of
therapies for future clinical use.

Release of the first 100 PDMR models: Coming soon https://pdmr.cancer.gov

The PDMR primarily generates PDX models by subcutaneous implantation of tumor
fragments into NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ (NSG) mice. Alternate implant locations are
used for specific cases where the take-rate is improved; for instance sarcoma tissue
implantation in the mammary fat pad increased the take rate from <5% to 35%. All animal
studies were conducted in an AAALACi-accredited facility under an approved IACUC
protocol. Each model goes through multiple quality control steps including histological
review by a board-certified pathologist, assessment of variant concordance across PDX
tumors within the same model, STR profiling, and human and murine pathogen
assessment. All models have patient-associated limited medical history, race/ethnicity, any
provided patient pathology findings associated with them.
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All PDX models in the PDMR will have whole exome sequence (FASTQ, vcf),
RNASeq (FASTQ, RSEM TPM and isoforms), and variant results from an NCI
Cancer Gene Panel associated with a minimum of 4 individual PDXs. The NCI
Cancer Gene Panel Assay is an amplicon-based NextGen sequencing (NGS) assay
for 62 genes (oncogene hotspot regions and the majority of protein coding-regions
for tumor suppressor genes) implicated in cancer; all non-synonymous variants
present in these 62 genes are reported. Given the nature of PDX tumors, even with
a rigorous pipeline (detailed on website) there will be murine content in the
sequences and investigators should be aware of this when doing metadata analysis
of the public sequence files.

Xenograft-Associated Lymphoproliferative Disorders (XALD)
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XALD in a lung section. (A) Lymphoid cell infiltration in lungs of a
mouse bearing an EBV-driven XALD tumor. Immunohistochemistry of the
lung section demonstrating a human mitochondria + (B), CD45+ (C), and
focally positive anti-EBV-LMP1 (D) infiltrate.
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Immuno-profiling of 6 xenograft-associated lymphoproliferative disorder (XALD) in
NSG mice. Following implantation of patient tumor material and PDX passage, several
models form EBV-driven lymphomas in NSG mice. Analysis of a sub-set of ten models at
passage 0 indicate the majority of XALDs are diffuse large B-cell-type lymphomas

The PDMR uses the term XALD to group several lymphoproliferative disorders that are encountered in during PDX generation including GvHD, EBVdriven human lymphoma, mouse lymphomas, ‘multiple histology XALD’ where there is a mix of XALD and the patient tumor. The IHC characterization
below focuses on human lymphoma XALDs. Briefly, this is characterized by the proliferation of the patient’s atypical lymphocytes at the site of implant
or as a disseminated disease. This is most commonly seen with models generated from circulating tumor cells due to the high PBMC content; however,
it is also observed with tumor tissue implants. These tumors are highly cellular, mitotically active, and composed of monomorphic or polymorphic blue
cells at the site of implant. Cellular features are primarily centroblast-type however, immunoblastic features have also been noted

(A) Variant concordance data to show that whole exome sequencing of 4 samples in
a model represents more than 95% concordance with sequencing 6 samples in the
same model. Variant concordance rate = number of common variants/number of
total variants in comparison. (B) Heatmap of pairwise correlation of 408 samples
representing 97 unique models across 9 disease types. Samples from within the
same model have higher correlation than others and samples belonging to same
disease type are correlated with each other.

Future Directions
PDX Take-Rate from Tumor Tissue Implantations. *Passageable tumors include
any PDX where a palpable tumor has been passaged to at least P1 as well as
Distributable PDXs. One or more of QC steps for PDX confirmation are pending for
earlier passages. †Discontinued Models include any model that: (1) Did not
successfully grow palpable tumor in P0 (monitored 300 days), (2) Passaged tumor
failed to grow in subsequent passages, (3) Mouse found dead/tumor not passageable,
(4) Palpable tumors were 100% murine content, (5) Tumors in all lineages were
determined to be XALD.

The PDMR will continue to add models to the public database as QC is finalized
on each model. In addition, several data types are being added to the analysis
pipeline for inclusion in the public database, including:
• Consensus Genomic Variants: list of variants that are 100% represented in PDX
whole exome sequencing data
• Germline Whole Exome Sequence
• Ancestry SNP Assessment
• Whole Mouse Imaging (e.g., MRI, US)
• Designation of Metastatic PDX Models
• Preclinical Drug Study Results
• In vitro Early-Passage Tumor and Cancer-Associated Fibroblast Cultures

