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we provide an SOP which will be enforced by all CIViC
Editors during moderation of all submitted curation, with
the intent to formalize curation into CIViC, and also pro-
vide possible motivation for other resources in the field to
offer curation SOPs for peer review.

The main text outlines the four principal components of
the CIViC knowledgebase (Genes, Variants, Evidence
Items, and Assertions) and their associated features.
Genes, have collections of associated Variants, where each
Variant is supported by at least one literature or confer-
ence abstract-derived piece of Evidence (Evidence Item or
EID). Multiple Evidence Items describing a single Variant
in a specific clincal context can be summarized into a
CIViC Assertion. The supplemental materials provide de-
tailed examples and guidelines for curation (see “Curation
Practices”) of each element, with emphasis on understand-
ing many of the nuances of cancer variant curation. Com-
mon challenges, especially for new CIViC Curators, which
could introduce inconsistencies into the database are ad-
dressed throughout the SOP. Further details on the CIViC
knowledge model, standards and guidelines for curation
and moderation, and details on the CIViC project are
available in the CIViC help documents (docs.civicdb.org).

The CIViC knowledge model and key components

The CIViC knowledge model for clinical variants

The CIViC knowledgebase was built to permit both con-
sumption (i.e., searching, browsing, and downloading) of
existing entries as well as curation of new content. The
knowledgebase has been organized into a four-level hier-
archy: Genes, Variants, Evidence Items, and Assertions
(Fig. 1a). Each level has its own knowledge model. All
data created using these knowledge models are available
through a web interface (www.civicdb.org) and an appli-
cation programming interface (API, http://docs.civicdb.
org/en/latest/apihtml).

For content creation, CIViC Curators can add or suggest
revisions to curated content at each level (Fig. 1b). Adding
content involves submitting new Evidence Items or Asser-
tions that subsequently undergo revision and review by
CIViC Editors. Revision of content involves adding or revis-
ing the clinical summary and/or its associated features.
Once changes are made within the CIViC database, the ad-
ditions/revisions become visible directly or on a separate re-
vision page depending on the type of submission. Curation
is listed as a “submitted” (i.e., pending) until it is accepted
by an Editor, who is given power to accept or reject Curator
submissions. Curators may reject (but not accept) their
own submissions/revisions. Editors are required to fill out a
conflict of interest statement (Additional file 1: Figure SI).
Further information on Roles in CIViC (Curator, Editor,
etc) is in Additional file 1: Table S1, and for a list of User
Actions in CIViC see Additional file 1: Table S2.
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General curation practices

CIViC Curators should avoid directly copying phrases
from original sources (including abstracts) for summar-
ies, statements, and comments. This practice prevents
plagiarism and copyright infringement for articles with
limited public access. Suggested revisions require a com-
ment, generally providing rationale for the change. This
allows CIViC Editors to better understand the changes
being proposed and facilitates acceptance or further
modification. The Source Record Page (Additional file 1:
Figure S2) gives an overview of evidence and ability to
comment on an evidence source. The Source Suggestion
(Additional file 1: Figure S3) offers a rapid and simple
means to contribute to CIViC. If a Curator finds inaccur-
acies or inconsistencies in the database, they should flag
such entities to assist Editors in rectifying curation issues,
using the flag button at the upper left of CIViC curatable
elements (seen in Additional file 1: Figures S1A, S4, S5, and
other screenshots in the supplement). Other useful curation
features that are found throughout CIViC are described in
Additional file 1: Table S3. A workflow for evidence cur-
ation is given in Additional file 1: Figure S6.

Structure and curation of the gene knowledge model
Structure of the gene knowledge model

The Gene knowledge model consists of a Gene Summary
which discusses the clinical relevance of the gene in can-
cer, providing context for the CIVIiC Variants associated
with the Gene, and may specifically mention variants
which are prominent in certain cancers. It also contains
other structured elements including Gene Name, Gene
Summary, external link to The Drug Gene Interaction
Database [13-15], useful citations on the overall clinical
relevance of the gene, and link-out details from MyGene.
info [16] (Fig. 2a). For a Gene record to be created, it must
be associated with at least one CIViC Variant.

Curating within the gene knowledge model
The CIVIC Gene Name utilizes the HGNC official
symbol as provided by Entrez, primarily those approved
by the HUGO Gene Nomenclature Committee (HGNC).
Curators must enter a valid Entrez Gene Name (e.g.,
TP53) and should verify the correct entry against the
Entrez Gene ID automatically displayed by the CIViC
interface. Alternative Gene Names (Aliases/Synonyms)
are imported from Entrez and are searchable throughout
the database.

A CIViC Gene Summary should be created to provide
a high-level overview of clinical relevance of cancer vari-
ants for the gene. Gene Summaries should focus on em-
phasizing the clinical relevance from a molecular
perspective and should not describe the biological func-
tion of the gene unless necessary to contextualize its
clinical relevance in cancer. Gene Summaries should
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knowledge model consists of four interconnected levels that contribute to the content within CIVIC: Genes (blue), Variants (orange), Evidence (yellow), and
Assertions (green). Each broadly defined CIVIC Variant is associated with a single gene but can have many lines of evidence linking it to clinical relevance.
b CIVIC curation typically begins with the submission of an Evidence Item. Creation of an Evidence Item will automatically generate Gene and Variant
records in the knowledgebase if they do not already exist. Once submitted, the Evidence ltem undergoes evaluation by expert Editors and (if necessary)
revision with ultimate rejection or acceptance. Accepted Evidence Items can be used to build Assertions, which are visualized at the Variant-level. Similar

cycles of curation and moderation are employed for all curatable entities in CIViC (e.g,, Variant Summaries, Coordinates, Assertions)

include relevant cancer subtypes, specific treatments for
the gene’s associated variants, pathway interactions,
functional alterations caused by variants in the gene, and
normal/abnormal functions of the gene with associated
roles in oncogenesis (Additional file 1: Figure S4). A
CIViC Gene Summary should generally be limited to
one or two paragraphs and cite relevant reviews to fur-
ther support the gene’s clinical relevance in cancer.

Structure and curation of the variant knowledge model
Structure of the variant knowledge model

A CIViC Variant represents any molecular alteration with
evidence for clinical relevance in cancer. A new Variant is
added to the CIViC database when a new Evidence Item
for that Variant is submitted. The CIViC definition for a
variant is intentionally broad, to encompass not only simple

variation (e.g., SNVs and indels), but also regional variation
(e.g., exon mutation), or other types of variation (e.g., ex-
pression, amplification, gene fusion, etc.) (Additional file 1:
Table S4). Features within the CIViC Variant knowledge
model include: Variant Summary, Variant Type, HGVS no-
menclature, ClinVar [17] IDs, Variant Evidence Score, rep-
resentative Variant Coordinates and Transcript, associated
Assertions, and external data from MyVariantinfo [16]
(Fig. 2). Methods for editing Variant information are shown
in Additional file 1: Figure S5 and an exemplary Variant
entry is shown in Additional file 1: Figure S7.

Curating within the variant knowledge model

The Variant Name describes the specific variant being
interpreted for clinical utility. The Variant Name can be
very specific [e.g., VHL R176fs (c.528delG)], or can refer
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The Variant Origin categorizes the variant based on
method of acquisition. Options for this field include:
Somatic, Rare Germline, Common Germline, Unknown,
or N/A. The Variant Origin should be entered as som-
atic if the variant is only found in tumor cells (ie, a
somatic variant is only found in a proper subset of non-
germ cells/tissue), and is not expected to be inherited or
passed to offspring. The Variant Origin is not applicable
(N/A) in some circumstances, particularly in variants
that involve differences in expression, methylation, or
other post-translational modifications (Additional file 1:
Figure S16).

The Disease field utilizes a term that is known to the
Disease Ontology (DO) database [25]. The field will
auto-fill based on existing diseases (in the cancer subset
of DO) and the most specific disease subtype available
should be selected. Only a single Disease term can be as-
sociated with an EID. If the clinical evidence associated
with the CIViC Variant is implicated in multiple dis-
eases, then multiple Evidence Items should be created. If
the disease cannot be identified in the Disease Ontology,
the “Could not find disease” box can be selected and a
new field will appear that permits free text entry. In this
case, it is recommended to submit a request to the Dis-
ease Ontology Term Tracker for addition of the missing
disease term (http://disease-ontology.org/faq/).

The Evidence Level describes the robustness of the
study supporting the Evidence Item. Five Evidence Levels
are currently available: Validated association (A), Clinical
evidence (B), Case study (C), Preclinical evidence (D),
and Inferential evidence (E) (Additional file 1: Figures S17
through S21). Validated EIDs (A) have a proven or clinical
consensus on the variant association in clinical practice.
Typically, these Evidence Items describe Phase III clinical
trials, regulatory approvals, or have associated companion
diagnostics. Clinical EIDs (B) are typically clinical trials or
other primary patient data supporting the clinical associ-
ation. These EIDs usually include more than 5 patients
supporting the claim made in the Evidence Statement.
Case studies (C) are individual case reports or small case
series. Preclinical evidence (D) is derived from in vivo or
in vitro experiments (e.g., mouse models or cell lines) that
support clinical claims. Finally, Inferential EIDs (E) indir-
ectly associate the variant to the provided clinical evidence.
These can involve hypotheses generated from previous ex-
periments but not yet supported by experimental results. It
is possible for an Evidence Source to yield multiple EIDs
with different Evidence Levels, for instance Level B and
Level C EIDs (See Additional file 1: Figure S22).

The Evidence Type refers to the type of clinical (or
biological) association described by the Evidence Item’s
clinical summary. Five Evidence Types are currently
supported: Predictive (i.e, Therapeutic), Diagnostic,
Prognostic, Predisposing, and Functional. Each Evidence
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Type describes the clinical or biological effect a variant
has on the following: therapeutic response (Predictive),
determining a patient’s diagnosis or disease subtype
(Diagnostic), predicting disease progression or patient
survival (Prognostic), disease susceptibility (Predispos-
ing), or biological alterations relevant to a cancer pheno-
type (Functional) (Additional file 1: Figures S$23
through S27). Selecting an Evidence Type has implica-
tions on available selections for Clinical Significance, as
outlined in Fig. 3.

The Evidence Direction indicates if the Evidence
Statement supports or refutes the clinical significance of
an event. The available options include: “Supports” or
“Does not support”. Nuanced examples for how to cor-
rectly use the Evidence Direction for Predictive Evidence
Types are shown in Additional file 1: Table S6 and Add-
itional file 1: Figure S28.

Clinical Significance describes how a CIViC Variant
is related to a specific clinical interpretation as described
in the Evidence Statement. The available options for Clin-
ical Significance depend on the Evidence Type selected for
the Evidence Statement. These options are shown in Fig. 3
with details in Additional file 1: Table S7. In brief, they de-
scribe the severity or type of treatment response (Predict-
ive), inclusivity or exclusivity of a cancer type or subtype
(Diagnostic), the type of outcome (Prognostic), or the type
of biological change (Functional). Note that Predisposing
Evidence Items may include ACMG-AMP evidence codes
[10] in the Evidence Statement; however, they do not dir-
ectly support an annotated Clinical Significance the way
other Evidence Types do, and Predisposing Clinical Sig-
nificance instead defaults to N/A. This is because most
variants will be considered of unknown predisposing sig-
nificance based on data derived from a single study. CIViC
Assertions based on aggregate data handle Predisposing
Clinical Significance and are described below.

The Evidence Rating is scored on a scale from 1 to 5
stars reflecting the Curator’s confidence in the quality of
the summarized evidence (Additional file 1: Figures S29
through S33). This rating depends on a number of factors,
including study size, study design, orthogonal validation,
and reproducibility. Although the overall publication/
study/abstract might be high quality, the Evidence Rating
may be low for an Evidence Item referring to a single con-
clusion in the study that is not well supported. The Evi-
dence Rating therefore does not rate the journal,
publication, or Evidence Source itself, but instead evalu-
ates in isolation the components of evidence extracted
from the Evidence Source. While this remains a somewhat
subjective measure, general best-practices for the Evidence
Rating are provided in Additional file 1: Table S8.

The Evidence Statement is a brief summary of the
clinical implications of the Variant in the context of a
specific Disease, Evidence Type and Clinical Significance
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