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abstract

PURPOSE Cancer classification is foundational for patient care and oncology research. Systems such as In-
ternational Classification of Diseases for Oncology (ICD-O), Systematized Nomenclature of Medicine Clinical
Terms (SNOMED-CT), and National Cancer Institute Thesaurus (NCIt) provide large sets of cancer classification
terminologies but they lack a dynamic modernized cancer classification platform that addresses the fast-
evolving needs in clinical reporting of genomic sequencing results and associated oncology research.

METHODS Tomeet these needs, we have developed OncoTree, an open-source cancer classification system. It is
maintained by a cross-institutional committee of oncologists, pathologists, scientists, and engineers, accessible
via an open-source Web user interface and an application programming interface.

RESULTS OncoTree currently includes 868 tumor types across 32 organ sites. OncoTree has been adopted as
the tumor classification system for American Association for Cancer Research (AACR) Project Genomics
Evidence Neoplasia Information Exchange (GENIE), a large genomic and clinical data-sharing consortium, and
for clinical molecular testing efforts at Memorial Sloan Kettering Cancer Center and Dana-Farber Cancer In-
stitute. It is also used by precision oncology tools such as OncoKB and cBioPortal for Cancer Genomics.

CONCLUSION OncoTree is a dynamic and flexible community-driven cancer classification platform encom-
passing rare and common cancers that provides clinically relevant and appropriately granular cancer clas-
sification for clinical decision support systems and oncology research.

JCO Clin Cancer Inform 5:221-230. © 2021 by American Society of Clinical Oncology

INTRODUCTION

Structured cancer classification systems are an integral
part of cancer care for diagnosis, treatment, and cancer
research. Standardized cancer ontologies are essential
for the homogenized and refined diagnosis of the disease
and play a crucial role in understanding and traversing
the evolution of tumors and cancer incidences and
epidemiology.1 There are formal classification systems
such as the Systematized Nomenclature of Medicine
Clinical Terms (SNOMED-CT)2 and the International
Classification of Diseases for Oncology (ICD-O)3 as well
as terminology systems such as National Cancer Institute
Thesaurus (NCIt),4 Unified Medical Language System
(UMLS),5 and Medical Subject Headings (MeSH).6 The
field of cancer care is evolving rapidly, and classification
systems need to evolve in step to accommodate new

research data and to support current evidence-based
clinical decisions. As the decision-making processes in
oncology are becoming more complex and data-driven,
clinical decision support systems are increasingly used
by clinicians to improve patient care and optimize clinical
workflows. Cancer classification is one of the funda-
mental provisions of clinical decision support systems.
However, classification systems such as ICD-O and
SNOMED-CT were not designed specifically to support
the computational needs of such decision support
systems or to include specific, common genomic al-
terations of cancer specimens.7 Moreover, cancer
classification systems such as ICD-O and SNOMED-CT
are slowly iterative, taking years to adopt newer entities,
while struggling to incorporate newly defined tumor
entities, especially rare tumors.
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To address the limitations of current cancer classification
systems, we developed OncoTree, a hierarchical cancer
classification platform that was specifically designed to
agilely address the fast-evolving computational needs of a
clinical decision support tool and to facilitate cancer re-
search. OncoTree is open-source, open-access, and com-
munity-driven—reviewed by a multi-institutional committee
of physicians, pathologists, and scientists with oncology
expertise. It was initially developed at Memorial Sloan Ket-
tering (MSK) and later adopted by American Association for
Cancer Research (AACR) Project Genomics Evidence
Neoplasia Information Exchange (GENIE) as its main cancer
classification system. It is now maintained by a multi-
institutional community of disease experts, scientists, and
engineers. OncoTree is publicly available at ref. 8 (Fig 1),
which includes a user interface for viewing and searching
tumor types as well as an application programming interface
(API) for programmatic data access. OncoTree is intended to
work in conjunction with other tumor classification systems,
including ICD-O, NCIt, andUMLS. Direct mappings between
OncoTree and NCIt/UMLS are provided.

OncoTree Structure: Hierarchically Organized and

Clinically Relevant Cancer Classification

According to the ICD-O and NCI SEER cancer classifica-
tion, cancers can be classified by histology in tandem with
the location in the body where the cancer first developed.9

By design, the tree structure of OncoTree supports both
these classifications: its root node represents a tissue and
the branches and leaves include different histological and
genomic subclassifications. The primary level (level 1) of
the tree comprises 32 tissue sites.

Each node in the tree has an OncoTree code, which is its
unique identifier, and a main cancer type, which is a
category under which the tumor type can be grouped. The
main type is independent of tissue and is of more general

clinical specificity for cancer classification. Under the main
type, nodes of higher conceptual granularity can be
characterized. As an example, a node can be found in
OncoTree representing Ocular Melanoma with OncoTree
code OM and Melanoma as its assigned main type. OM is
directly under the level 1 tissue Eye. Ocular Melanoma’s
main type of Melanoma is determined by its histology and
not the location of origin (Fig 1).

In addition to both cell of origin and histologic architecture,
the OncoTree team have begun to curate genotype-specific
cancer subtypes for hematological tumors on the basis of the
2016 WHO classification system,10,11 with further modifi-
cations made by OncoTree committee members. This high
level of granularity is especially important in a point-of-care
setting as genetic abnormalities may be associated with
patient diagnosis, prognosis, and treatment options. For
example, imatinib is FDA-approved for the treatment of
patients with chronic myelogenous leukemia (CML) har-
boring the BCR-ABL1 fusion,12 and OncoTree includes the
node Chronic Myeloid Leukemia, BCR-ABL1+, which is a
subtype of CML. This level of detail in classification helps
clinical decision support tools such as OncoKB to accurately
map clinical implications (diagnostic, prognostic, and ther-
apeutic) on the basis of the genotypic information of patients.

OncoTree Website: An Intuitive User Interface to Query,

Explore, and View the Curated Data

OncoTree is available through a public Web resource.8 The
current stable version (2020-10-01) of OncoTree comprises
868 tumor types branching from 31 tissue nodes and one
additional node (called Other), which is used to categorize
tumor types that cannot be attributed to a single tissue,
including cancer of unknown primary and mixed tumors.

The OncoTree website also provides access to previous
versions of OncoTree to enable version control and

CONTEXT

Key Objective
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reporting of genomic sequencing results and associated oncology research.
Knowledge Generated
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migration of OncoTree codes, which is essential for
downstream applications. To help users upgrade or
downgrade to a different version of OncoTree, the Onco-
Tree Mapping tool in the form of a Python script was de-
veloped to facilitate themapping of OncoTree codes to align
older version entries with new versions. The Mapping Tool
tab allows the user to download a script along with detailed
instructions and tutorials to map between OncoTree
versions.

Mapping of OncoTree codes to other ontologies including
NCIt, UMLS, ICD-O, and HemOnc is also made available
through the OncoTree GitHub page along with a docu-
mented script to automate the mappings.

OncoTree Web API: Supporting Programmatic Access to

the Curated Data

The OncoTree website includes a Web service API to fa-
cilitate programmatic access to OncoTree data (Fig 2A).
The API was designed and developed on the basis of the
OpenAPI specification.13 Interactive API documentation is
automatically generated by the Swagger UI tool.14 API
clients can be generated by the Swagger Codegen tool,15

which supports various programming languages, including
Python, Java, JavaScript, R, and Perl.

The primary purpose of the OncoTree API is to query and
list the curated tumor types in OncoTree. For example, a list
of all tumor types for the most current release of OncoTree
is available through ref. 16. Querying the API returns all
curated attributes of each Tumor Type including the tumor
type full name, a unique OncoTree code of the tumor type,
the tissue type, and the OncoTree code for the parent
Tumor Type in the OncoTree. Historical information
showing relationships to earlier versions of the OncoTree
are available through attributes history, precursors, and
revocations (these assist the mapping tool, which will
translate OncoTree codes between different OncoTree
releases; Fig 2B).

A tree representation with embedded subcancer types can
also be retrieved through ref. 17, and a search function for
querying by attribute value is available through ref. 18.

The main type of each OncoTree tumor type is available via
ref. 19.

By default, all the above API services will provide responses
to queries on the basis of the most current release of
OncoTree. Additional releases are also available for retrieval
by using the optional parameter version to specify the
desired OncoTree version to use such as in ref. 20. A list of
all available releases is available through ref. 21. OncoTree

FIG 1. OncoTree homepage and tree structure. All cancer types are represented by a node on the tree. All subclassifications are connected to parent nodes
through branches. The location of the cancer is based on the cell of origin and histologic architecture. Although all melanomas fall under themain typeMelanoma,
the location of each cancer on the tree is based on the organ of tumor origin. In this case, Mucosal Melanoma of the Esophagus is located under the Esophagus/
Stomach node; Uveal Melanoma is located under Ocular Melanoma, which itself is nested under the Eye node; and Cutaneous Melanoma is located under
Melanoma, which itself is nested under the Skin node. This structure of the tree allows connecting nodes across branches on the basis of histology.
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is stored and managed in an agile data governance system
called TopBraid in a hierarchical ontology format.

OncoTree Governance and Releases: Expert-Curated and

Community-Driven Process

OncoTree development is supervised by a multi-institute
and multi-disciplinary committee consisting of solid tumor
pathologists and hematopathologists, oncologists, and
laboratory and translational scientists. Proposed changes to
OncoTree are reviewed and approved or rejected by its
governing body (Fig 3). Since OncoTree is an evolving
system, many changes occur as a result of direct obser-
vations made by committee members in the clinic or be-
cause of updates to external classification systems such as
ICD-O and NCIt. Additionally, a public mailing list on Google
Groups is available in which anyone can suggest changes
to OncoTree. These additions and modifications are col-
lated along with metadata (Table 1), and the optimal lo-
cation within the OncoTree is curated from suggested
feedback. New nodes are added to the database, and
checks are in place to avoid any duplicates and to validate
that the addition is complete and properly formatted to
circumvent potential system errors. Suggestions regarding
the addition of new nodes or the placement of nodes within
the tree are made available through the development
version (Table 2) of OncoTree and sent to the OncoTree

Committee. The tumor type, its metadata, location on the
tree, and the evidence that it represents a distinct clinical
and/or biological entity are reviewed by the members of the
OncoTree committee and if accepted are pushed imme-
diately to the candidate release for use in internal pathology
reports. New nodes or changes to the location of a node are
then included in the latest stable version of the OncoTree,
which is released on the first day of each month. Typically,
the review process takes a week or less, allowing for the
rapid incorporation of newly identified tumor subtypes into
clinical reports. Comprehensive rereview of the structure
of an entire tissue type may take about a month. Com-
mittee members and the broader community of OncoTree
users can also report errors, which are reviewed and
resolved by the OncoTree team under the supervision of
the committee.

OncoTree Applications

OncoTree was originally created to support cancer subtype
classification of samples analyzed by The Cancer Genome
Atlas (TCGA), the results of which were made available to
the broader scientific community via cBioPortal for Cancer
Genomics,22 a platform for exploring, visualizing, and an-
alyzing multidimensional cancer genomics data.23 All tu-
mor samples in cBioPortal, which now includes . 80,000
samples in the public version, are annotated with OncoTree

A

B

FIG 2. The OncoTree API. (A) Interactive documentation of the OncoTree API. (B) The API returns all curated
attributes, which include cancer type full name, a unique OncoTree code of the tumor type, the tissue type, and the
OncoTree code for the parent tumor type and any mapping to external sources. Historical information if applicable are
also returned. API, application programming interface.
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classifications, thus enabling standardization across all
cancer studies and allowing coherent queries (Fig 4).

OncoTree was subsequently adopted by AACR Project
GENIE, an international consortium created to facilitate the
integration and sharing of integrated clinical genomic data
sets.24 As of July 2020, 96,000 tumor and blood samples
from 18 institutes have been annotated with OncoTree
classifications. As AACRProject GENIE is amulti-institutional
project, standardizing vocabularies for genomic and clinical
data is essential for cross-institutional data integration.
Across all institutes, demographic data are normalized using
the North American Association of Central Cancer Registries
(NAACR) vocabulary,25 and the cancer diagnosis of each
individual sample profiled is mapped to an OncoTree code.
The highly collaborative nature of AACR Project GENIE
helped to fill gaps and to refine the structure of OncoTree. As
a result of the inclusion of rarer tumor types or rare subtypes
of common cancers not included in the TCGA data set,
OncoTree became a more robust classification system. To
facilitate the incorporation of AACR Project GENIE data into
the National Cancer Institute’s Genomic Data Commons
(GDC), OncoTree codes have been mapped to ontologies
used by the GDC.26

OncoTree is also used by OncoKB,27 a precision oncology
knowledge base containing information about the biological
effects and clinical implications of genomic alterations in
cancer.28 OncoKB uses the OncoTree classifications in

conjunction with genomic information (gene and alter-
ations) to annotate therapeutic, prognostic, and diagnostic
data for various cancer types.

OncoTree is also used as a cancer classification system for
the MSK-IMPACT initiative, a large-scale, prospective
clinical sequencing effort at MSK in which samples from
clinical sequencing platforms are assigned OncoTree
codes on the basis of their clinical and genomic reports.
Almost 60,000 MSK-IMPACT samples have now been
annotated with OncoTree codes, and the data are shared
with the broader research community via AACR Project
GENIE.29 The hierarchical structure of OncoTree provides a
key advantage here as it allows molecular pathologists to
assign a cancer subtype with varying levels of precision on
the basis of the available supportive clinical data.

OncoTree has also been integrated into MatchMiner, an
open-source computational platform for matching pro-
spectively generated patient-specific genomic profiles from
clinical tumor sequencing to precision medicine clinical
trials in which eligibility is increasingly both tumor
subtype–restricted and genomic subtype–restricted.30

The goal of OncoTree is to streamline clinical reporting of
tumor- and plasma-based genomic profiling results and to
facilitate collaborative clinical and translational research.
The recognition that tumors arising within the same organ
can have different genomic drivers and that these genomic
drivers can be prognostic or predictive biomarkers of drug

External
sources such as 
Google Groups

Suggest additions or
modifications

Development tree

OncoTree committee

Candidate release

Pathology reports

Public-released first
day of the month

FIG 3. Overview of the curation process in OncoTree. OncoTree relies on a variety of sources for new additions and modifications. All new suggestions and
updates are reviewed by the OncoTree committee and if approved are applied to the next OncoTree release for downstream applications.

TABLE 1. Metadata for Each Cancer Node Is Described by Five Specific Properties
Metadata Description

Code This is the unique identifier OncoTree code assigned to each node on the tree. Usually, the codes are abbreviations of the tumor type. For
example, Non-Small Cell Lung Cancer’s OncoTree code is NSCLC

Name The name of the tumor type corresponding to the code

Main type A clinically relevant generic categorization of the tumor type node

NCI and
UMLS

NCI and UMLS codes mapped to the OncoTree code

Color When possible, colors for each tumor are chosen on the basis of the tumor’s specific cancer awareness ribbon color

Abbreviations: NCI, National Cancer Institute; UMLS, Unified Medical Language System.
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response has led to reconsideration of how tumors are
subclassified and the incorporation of genomic features
into tumor subtype classification schema. The accelerating
shift to precision oncology–based treatment paradigms has
also created the need for a cancer subtype classification
system that can be quickly modified to incorporate newly
recognized molecularly distinct tumor subtypes.

Although there is overlap between OncoTree and other
classification systems, OncoTree provides unique ben-
efits in that it is easy to navigate; has an API for
straightforward downloads, data extraction, and inte-
gration with clinical reporting systems; and facilitates
mappings between different ontologies. OncoTree can
also be rapidly modified as new tumor subtypes are
identified within the context of ongoing clinical and
translational research studies. An agile computational
ontology system such as OncoTree can thus play an

important role in precision oncology by providing phy-
sicians with an accurate and up-to-date tumor classifi-
cation reference that captures common, rare, and newly
evolving tumor types encountered in a clinical setting and
that can be linked to cutting-edge clinical trials of novel
biological therapies targeting specific molecularly de-
fined tumor subtypes.

Additionally, academic molecular pathologists and private
companies offering tumor and cell-free NGS-based clinical
diagnostics do not always have the full clinical history of a
patient including immunohistochemical stains or other
clinical features used by other cancer subtype classification
systems. The hierarchical structure of OncoTree facilitates
the workflow of these clinical molecular diagnostic labo-
ratories by allowing for tumor subtype classification at
different levels of precision on the basis of the often limited
clinical information available in real time to molecular

TABLE 2. Multiple Versions of the OncoTree System Are Maintained: Latest Stable, Candidate, and Development, in Addition to All Previous Versions of
OncoTree

OncoTree latest stable Public version that is updated on the first day of every month (inclusive of any approvals from the committee). All changes included
in these monthly updates are also summarized on the news page of the OncoTree website

OncoTree candidate Candidate version that acts as a staging area where all recently approved nodes are housed. New nodes are added to the
candidate tree as soon as they are approved by the committee. This is used, for example, by internal MSK clinical databases that
use OncoTree updates in real time for annotation of patient reports

OncoTree
development

Testing version where any new suggestions or modifications are added. This instance is the latest OncoTree under development
and is subject to change without notice. This version is primarily used by OncoTree committee members for review purposes

OncoTree other
versions

OncoTree maintains all older stable versions. These versions are dated, and users can always cite the version they used for their
research, manuscript, or clinical report.

A clinician or pathologist signs out the
clinical report and assigns an OncoTree
code for diagnosis

Patient’s tumor sample is collected and runs
through sequencing and bioinformatics analysis

Clinically actionable
variants are annotated

OncoKBcBioPortal

AACR Project GENIE

OncoTree

R
es

ea
rc

h
C

lin
ic

al

FIG 4. Overview of the different tools and resources that use OncoTree as a cancer classification vocabulary. From the clinical aspect, OncoTree codes
are assigned in each genomic patient report at MSK by a clinician. In research, projects such as AACR Project GENIE and cBioPortal use OncoTree to
assign codes to all tumor samples in their cohorts. OncoKB also uses OncoTree diagnosis codes to curate the knowledge base and to annotate clinically
actionable variants in the genomic patient reports at MSK. AACR, American Association for Cancer Research; GENIE, Genomics Evidence Neoplasia
Information Exchange; MSK, Memorial Sloan Kettering.
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pathologists. OncoTree is also used by OncoKB, a precision
oncology knowledge base that supports clinical decision
making by providing insight into the level of evidence
supporting the use of a molecular alteration as a predictive
biomarker of drug response. Although some biomarkers are
tumor type–agnostic, such as tumor mutation burden and
microsatellite instability, most molecular biomarkers con-
tained in OncoKB are tumor type–specific, and OncoTree is
a critical component of this decision support tool.31–33

OncoTree remains under active development with changes
and additions to OncoTree being suggested, discussed,
and approved by a multi-institutional and multidisciplinary
committee of experts on a continuous basis. Moreover,
there are now efforts to extend existing OncoTree code
mappings to NCIt, UMLS, HemOnc, and ICD-10 and to
create new mapping tools to additional systems including
MeSH and SNOMED-CT. All existing mappings are avail-
able on the OncoTree GitHub page34 along with a mapping
script that provides the users to map certain ontologies to

and from OncoTree codes. Importantly, OncoTree was not
developed with the goal of replacing other cancer classi-
fication systems, such as ICD-O, which officially recognizes
new tumor entities in due time. Rather, OncoTree serves as
a complementary system to harmonize terminologies and
concepts with other systems such as ICD-O and provides
an interoperable and transparent hierarchical classification
platform to share cancer data that incorporates our most
current understanding of how genomics and other bio-
logical or clinical features influence cancer subtype
classification.

In conclusion, our understanding of the biological differ-
ences within individual cancers arising from the same
organ site has increased exponentially in recent years. We
have designed OncoTree to be flexible so that it can serve a
diversity of cancer community knowledge endeavors and
data initiatives as well as to help meet the rapidly evolving
needs of both ontology research and clinical decision
support for precision oncology.
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