
Abstract. Background: Recently, guidelines for variant
interpretation in cancer have been established. However,
these guidelines do not mention which databases are most
suited to performing this task. Materials and Methods: We
give an overview of existing databases and evaluate their
benefit in practical application. We compared three meta-
databases and 12 databases for a dataset of patients with
myelodysplastic syndrome or acute myeloid leukemia.
Results: Clinical implications were found for 13% of all
variants. One-third of variants with therapeutic implications
were uniquely contained in one database. The VICC meta-
database was the most extensive source of information,
featuring 92% of variants with a drug association. However,
a comparison of meta-databases and original sources
indicated that some variants are missing in those meta-
databases. Conclusion: Public databases provide decision
support for interpreting variants but there is still need for
manual curation. Meta-databases facilitate the use of
multiple resources but should be interpreted with caution. 

With the development of next-generation sequencing, a
growing amount of data is generated. Analysis of these data
results in a long list of variants for each patient. However,
the clinical significance of these variants needs to be
assessed. In order to cope with this amount of data, there is
a need for knowledge bases to filter, annotate and foremost
interpret clinically relevant variants (1-3).

A vast repertoire of existing databases were mostly used for
research on hereditary diseases in the beginning. These

databases come with certain limitations, e.g. they lack
standardized interpretation and nomenclature of variants (4).
Recently, new databases have been emerging with a focus on
clinical interpretation. In order to establish generally
acknowledged standards for variant reporting, the Joint
Consensus Recommendation of the Association for Molecular
Pathology, the American Society of Clinical Oncology and the
College of American Pathologists (CAP) have published
guidelines for sequence variant interpretation (5).

On this basis, there have been recent activities in
harmonizing the classification of clinical variants. The Global
Alliance for Genomics and Health’s Variant Interpretation for
Cancer Consortium (VICC) has published standards for
genomic data sharing and provided and a classification system
called Harmonized Evidence Levels shown in Table I (6).

These classifications establish a guideline for the
interpretation of variants. However, it remains unclear which
resources are the most suited for performing this task.

In this article, we evaluated open-access databases for
interpreting variants in cancer regarding their clinical
significance. We reviewed literature to give an overview of
the existing variant databases and selected databases
meeting the requirements for annotation of single nucleotide
variants and insertions or deletions (indels). Furthermore,
we assessed their quality for clinical decision support by
analyzing an exemplary next-generation sequencing dataset
of patients with myelodysplastic syndrome (MDS) and acute
myeloid leukemia (AML). For this purpose, we adapted the
classifications of the Joint Consensus Recommendation and
Harmonized Evidence Levels and developed a modified
classification system for the interpretation of clinically
relevant variants, adjusted to the dimensions and
possibilities of the available databases. More specifically,
we distinguish variants with therapeutic implications from
disease-associated variants. Furthermore, we propose a
novel subdivision of variants with unclear significance.

The aim of our study was to identify the most useful
databases for variant interpretation by evaluating available
information on variants with therapeutic or diagnostic
implications. Furthermore, we aimed to identify typical
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hindrances and pitfalls when annotating and interpreting
variants, considering different databases.

Materials and Methods

Search strategy. We searched PubMed (7) for reviews about
knowledge bases using combinations of the following key words:
Clinical actionability, clinical relevance, databases, next-generation
sequencing, somatic variant classification, variant interpretation,
pathogenicity prediction. In addition, we screened subject-specific
forums and websites for databases about variants with clinical
actionability e.g. omictools website (8), biostars forum (9),
bioconductor.org website (10, 11), National Center for
Biotechnology Information (NCBI) web page (12), My Cancer
Genome website (13) and the web page of the VICC (14).
Furthermore, we collected information on databases used by
annotation tools or pipelines such as Annovar (15), Ensembl Variant
Effect Predictor (16), varianttools (17), and SnpEff (18), as well as
meta-databases, which incorporate other databases, e.g.
myvariant.info (19) or the VICC’s meta-knowledge base (6).

Initially, we selected databases containing several other
databases, i.e. meta-databases. Subsequently, we included further
databases not contained in the meta-databases. 

Filtration approach. Generally, we tried to integrate as many
databases as possible. This approach minimizes the number of
variants without annotation and allowed us to compare and validate
different databases. Nonetheless, we decided to define inclusion and
exclusion criteria and filtered the available databases accordingly.

For the integration of a database, access (e.g. web query or bulk
download) is needed as well as unambiguous location information
on the variant level. Thus, databases without variant location data
or databases with only gene associated information were excluded
(in-/exclusion criterion: availability of variant location data).

Additionally, variant databases, which are used for clinical
decision support, have to fulfill certain requirements as described

in the above-mentioned CAP guidelines and Global Alliance for
Genomics and Health’s consensus recommendations (5). Key
attributes are adequate curation, standardized nomenclature,
unambiguous representation of data, and – most important –
clinically relevant information on variants regarding therapeutic,
prognostic or diagnostic implications (3). Therefore, databases
limited to hereditary mutations without information on somatic
mutations in cancer were excluded, while databases with
information on drug sensitivity or disease association were included
(in-/exclusion criterion: focus on clinical variants).

Other important properties were the level of detail regarding
interpretation, availability of an evidence rating and adequate source
information. Additionally, we considered up-to-dateness of a
database as a key attribute. New information emerges daily and
former interpretations may become outdated or disproved.
Therefore, we only included database which are updated regularly,
at least quarterly (in-/exclusion criterion: regular updates).

By these criteria we selected 12 databases and three meta-databases
out of 39 databases. The full table of clinical variant databases
included in and excluded from this study can be found in the
Supplementary Material at: https://doi.org/10.5281/zenodo.4477193.
The selected databases were: Jackson Laboratory Clinical
Knowledgebase (JAX) (20), Oncology Knowledge Base (OncoKB)
(21), Cancer Genome Interpreter’s variants database (CGI) (22),
Clinical Interpretations of Variants in Cancer (CIViC) (23),
MolecularMatch (24), Precision Medicine Knowledgebase (PMKB)
(25), NCBI’s Clinical Variants (ClinVar) (26), Catalogue Of Somatic
Mutations In Cancer (COSMIC) (27), Database of Curated Mutation
(DOCM) (28), Human Gene Mutation Database (HGMD) (29),
Phenotype for ENCODE (PhenCode) (30) and Pharmacogenomics
Knowledgebase (PharmGKB) (31). When possible, these databases
were downloaded. In addition, we accessed annotation through three
meta-databases: VICC meta-database (6), myvariant.info annotation
service (19) and Ensembl phenotype associated variants (32). These
databases and their intersections are presented in Figure 1. 

With the help of the VICC meta-database we were able to access
six clinical variant databases (JAX, OncoKB, CGI, CIViC,
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Table I. Variant classification by the Joint Consensus Recommendation (JCR) and by the Harmonized Evidence Levels (HEL). These classifications
distinguish between variants with clinical actionability (tier I and II, graded by evidence level A-D), variants of unknown clinical significance (tier
III) and benign variants (tier IV).

Category by JCR         Definition                                                                Category          Definition
                                                                                                                     by HEL

Tier I                            Variants with strong clinical significance             Level A            Evidence from professional guidelines or Food and 
                                                                                                                                               Drug Administration-approved therapies relating to 
                                                                                                                                               a biomarker and disease.
                                                                                                                     Level B            Evidence from clinical trials or other well-powered 
                                                                                                                                               studies in clinical populations, with expert consensus.
Tier II                           Variants with potential clinical significance         Level C            Evidence for therapeutic predictive markers from 
                                                                                                                                               case studies, or other biomarkers from several small studies.
                                                                                                                                               Also, evidence for biomarker therapeutic predictions 
                                                                                                                                               for established drugs for different indications.
                                                                                                                     Level D            Preclinical findings or case studies of prognostic or
                                                                                                                                               diagnostic biomarkers. Also includes indirect findings.
Tier III                         Variants of unknown clinical significance                                     
Tier IV                         Benign/likely benign variants                                                         



MolecularMatch and PMKB) providing information on clinical
actionability in a uniform, standardized way. Via the myvariant.info
annotation service, data were obtained from ClinVar, COSMIC,
DOCM, CIViC and CGI. As both CIViC and CGI are also included
in the VICC meta-database, we were able to assess differences in
variant annotation dependent on the meta-database. ClinVar mainly
provides information regarding phenotype and rarely on therapeutic
implications. COSMIC and DOCM, however, merely contain
information on disease associations.

The Ensembl database contains phenotype associated variants
from three sources, namely from HGMD, PhenCode and NCBI’s
dbSNP/ClinVar variants. HGMD and PhenCode provide only
information on database availability but no context. Furthermore,
we included PharmGKB, which includes variants regarding drug
sensitivity or adverse drug response.
Annotation of variants. In order to compare the different databases,
we annotated and analyzed validated variant calling data from seven
published datasets (33). These datasets consist in total of 678
samples from patients with myelodysplastic syndrome (MDS) or

acute myeloid leukemia (AML). Sequencing data were generated on
Illumina platforms (HiSeq, NextSeq and HiScanSQ) and Roche 454.
From those seven validated datasets, all unique variants were
extracted for further interpretation.

All mutations with information on the above-mentioned
databases were annotated using R version 3.6.3 (see Supplementary
Material at: https://doi.org/10.5281/zenodo.4477083) (34). The
myvariant.info database was accessed for variant annotation by
means of the R package ‘myvariant’ version 1.16.0 (35), the other
databases were collected via downloadable datasets as described in
Table II (as of September 7, 2020). 

Classification of variants. To classify clinically relevant variants,
we adopted VICC Harmonized Evidence Levels, which depend on
the current classification system from the Joint Consensus
Recommendation of the Association for Molecular Pathology,
American Society of Clinical Oncology and College of American
Pathologists. We mapped it to the contents of available databases
according to clinical relevance for MDS and AML (see Table III). 
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Figure 1. Selected databases for clinical variant interpretation in cancer. Meta-databases are presented as circles, individual databases as rectangles.
The intersection between the circles represents databases which are available within several meta-databases. CGI: Cancer Genome Interpreter’s
variants database; CIViC: Clinical Interpretations of Variants in Cancer; ClinVar: Clinical Variants of the National Center for Biotechnology
Information; COSMIC: Catalogue of Somatic Mutations in Cancer; DOCM: Database of Curated Mutation; HGMD: Human Gene Mutation
Database; JAX: Jackson Laboratory Clinical Knowledgebase; MM: MolecularMatch; OncoKB: Oncology Knowledge Base; PharmGKB:
Pharmacogenomics Knowledgebase; PhenCode: Phenotype for ENCODE; PMKB: Precision Medicine Knowledgebase; VICC: meta-database of
the Variant Interpretation for Cancer Consortium.

Table II. Downloadable databases for annotation of variants with clinical implications (tier I variants). For databases with available downloadable
datasets we provide the respective accession link. Web links were last accessed on November 7, 2020.

Database                                                                             Accession link

VICC                                                                                  https://drive.google.com/drive/folders/1ZY6o3uaLOZSjOQPpXSMsnMbXmFWpb58d
Ensembl phenotype associated variants                           ftp://ftp.ensembl.org/pub/grch37/current/variation/gvf/
                                                                                           homo_sapiens/homo_sapiens_phenotype_associated.gvf.gz
CGI                                                                                     https://www.cancergenomeinterpreter.org/data/cgi_biomarkers_latest.zip
ClinVar                                                                               https://ftp.ncbi.nlm.nih.gov/pub/clinvar/vcf_GRCh37/
CIViC                                                                                 https://civicdb.org/releases
PharmGKB                                                                         https://www.pharmgkb.org/downloads

CGI: Cancer Genome Interpreter’s variants database: CIViC: Clinical Interpretations of Variants in Cancer: ClinVar: Clinical Variants database of
the National Center for Biotechnology Information: PharmGKB: Pharmacogenomics Knowledgebase: VICC: meta-database of the Variant
Interpretation for Cancer Consortium.



The existing classification was enhanced to distinguish between
variants with therapeutic (tier I) and diagnostic (tier II) implications
in order to amplify the value of information of drug sensitivity over
mere disease association. Furthermore, VICC Harmonized Evidence
Levels are designed for tier I variants and do not mention how to
handle variants from other tiers. The current version of VICC also
does not clarify how to handle conflicting level of evidences from
multiple databases. For the overall classification of each variant, the
highest ranked contents (tier I > tier II > tier IV > tier III) among
the databases was pivotal. Of note, tier IV (known benign variants)
is ranked higher than tier III (variants of unclear significance) due
to a higher underlying level of evidence.

Availability of data and materials.All datasets analyzed during this study
are openly available online and URLs are provided in this published
article. The datasets analyzed during the current study are available in
the NCBI Sequence Read Archive (BioProjectID: PRJNA388411;
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA388411).

Results

In total, we analyzed 990 unique validated variants – containing
pathogenic as well as benign variants – from patients with
MDS/AML detected in seven public datasets. The full table of

annotated and classified variants can be found in the
Supplementary Material at: https://doi.org/10.5281/zenodo.
4477289.

Variant classification. An overview of all variants and their
classification according to tiers I to IV is presented in Figure 2. 

Out of 990 unique variants, 64 were classified as tier I
(6.5% of all variants), 81 as tier II (7.3%), 312 variants as
tier III A-C (31.5%), and none as tier IV. For the majority of
variants (533; 53.8%) we were unable to find any
annotations in the selected databases. These variants were
classified as tier III D.

Database coverage. Figure 3 presents the distribution of
variants for the different tiers among the databases as well
as the overlap between different data sources (for upset-plots
visualizing the overlap between the different databases see
Supplementary Material at: https://doi.org/10.5281/zenodo.
4477397).

Most tier I variants were found in JAX (46 variants, 72.0%
of all tier I variants), followed by CIViC (36 variants, 56.3%),
CGI (24 variants, 37.5%) and OncoKB (21 variants, 32.8%
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Table III. Mapping of variants with clinical implications. We refined the classification from the Joint Consensus Recommendation and the
Harmonized Evidence Levels, in order to differentiate between variants with therapeutic implications (tier I) versus mere disease association,
diagnostic or prognostic implications (tier II). In tier III (variants of unclear significance), we distinguish variants without any annotation (tier III
D) from variants, which can be found in the respective databases (tier III A-C).

Tier                  Evidence level              Explanation

I                                                              Variants with therapeutic implications
                        A                                    According to professional guidelines/Food and Drug Administration
                        B                                    based on well-powered studies with expert consensus (phase III trials)
                        C                                    Phase I-II trials/inclusion criteria for clinical trials
                        D                                    Based on preclinical studies/therapeutic implications (IA-C) in different/not specified cancer
                                                              type (other than AML, MDS, myeloproliferative disease, hematological malignancies)
II                                                            Variants with disease association, diagnostic or prognostic implications
                        A                                    Diagnostic or prognostic implications and/or mentioned in guidelines
                        B                                    Diagnostic or prognostic implications and/or mentioned in well-powered studies
                        C                                    Interpretation: pathogenic/likely pathogenic
                        D                                    Disease association/diagnostic or prognostic implications in different/not specified cancer type
                                                              (other than AML, MDS, myeloproliferative disease, hematological malignancies)
IIIA-C                                                    VUS
                        A                                    Variant with ClinVar Info: Uncertain significance/variant mentioned in database without interpretation
                        B                                    Benign/ likely benign in different or not specified cancer type (other than AML, MDS, myeloproliferative 
                                                              disease, hematological malignancies)/variants with conflicting interpretations present (benign and pathogenic)
                        C                                    Inferred association (VUS with COSMIC allelic frequency ≥0.01)
IIID                                                        VUS without any annotation in knowledge bases
IV                                                           Benign variants/polymorphisms
                        A                                    Benign in specified cancer type
                        B                                    Likely benign in specified cancer type
                        C                                    Inferred benign (VUS with minor allelic frequency >1% in population databases)

AML: Acute myeloid leukemia; ClinVar: Clinical Variants database of the National Center for Biotechnology Information; COSMIC: Catalogue of
Somatic Mutations in Cancer; MDS: myelodysplastic syndrome; VUS: variants of unclear significance. 



variants). Only few variants were represented in MolecularMatch
(five variants, 7.8%), PharmGKB (five variants, 7.8%) and
ClinVar (three variants, 4.7%). None of the variants were present
in PMKB. The VICC meta-database featured 92.2% of all tier I
variants, while myvariant.info only contained 65.6%. The other
databases did not contain any information on variants with
therapeutic implications (=tier I variants).

One third of all tier I variants (21 variants) were uniquely
represented in one database. These variants were present in
CGI (eight variants, 12.5% of all tier I variants), JAX (six
variants, 9.4%), CIViC (five variants, 7.8%) and PharmGKB
(two variants, 3.1%). No variants were uniquely present in
OncoKB, ClinVar or MolecularMatch. Two-thirds of all tier
I variants (43 out of 64) were included in more than one
database, 55.0% in two or three databases. Only one variant
(KRAS proto-oncogene p.G13D) was present in five
databases; not a single variant was present in more than five.

In all of these cases, databases contained unique
information on therapeutic agents. Regarding specifically
mentioned drugs, more than half (58%) of the
recommendations overlapped. Conflicting indications of
sensitivity or resistance were not found. For instance,
regarding the variant KIT proto-oncogene (KIT) p.D816V,
JAX, CGI and CIViC databases concordantly reported

sensitivity to dasatinib, while information on resistance to
ponatinib was solely reported by JAX.

Among tier I variants available in multiple databases, only
five out of 43 variants were discordantly classified. In all five
cases, a different interpretation was found in ClinVar. We
always opted against the ClinVar annotation. Three variants
(ABL proto-oncogene 1 (ABL1) p.K247R, ATM serine/
threonine kinase (ATM) p.D1853N and KIT p.M541L) were
classified as benign in a different disease or cancer type (tier III
B): ClinVar classified the variant KIT p.M541L as benign in a
not-specified disease, while CGI noted its drug resistance to
imatinib. Variant ABL1 p.K247R was classified as benign in
mastocytosis, partial albinism, not-specified disease and
gastrointestinal stroma tumor by ClinVar, while JAX, OncoKB
and CIViC report their drug sensitivity to imatinib. ClinVar
classified ATM p.D1853N as benign in hereditary cancer-
predisposing syndrome, ataxia-telangiectasia syndrome and not-
specified disease but PharmGKB noted an adverse drug
response to cyclophosphamide, doxorubicin and fluorouracil.

Two variants [tumor protein p53 (TP53) p.S127Y and fms
related receptor tyrosine kinase 3 (FLT3) p.T227M] were
labeled as variants with uncertain significance (tier III A) by
ClinVar. However, in the case of TP53 p.S127Y, JAX
reported sensitivity to dasatinib. For FLT3 p.T227M, CIViC
and PharmGKB noted an adverse drug response to sunitinib.

The most extensive source for tier II and tier III variants
was ClinVar (91.5% for tier II, 62.4% for tier III A-C). A
majority of variants classified as tier III A-C were also found
in COSMIC (50.2%).

Database-dependent annotation. In order to further analyze the
performance of the annotation via meta-databases, we compared
the concordance and discordance between the original source
and the derived meta-system shown in Figure 4.

For variants present in CIViC (Figure 4A), the majority of
all variants (78%, 31 out of 40) were characterized by
concordant information. With the help of myvariant.info, all
variants found in the original source were annotated, while
VICC missed nine variants. 

Regarding CGI (Figure 4B), concordant information was
only observed for 37.5% of all variants (nine out of 24).
These represent all variants that were found on the basis of
the original source. The VICC database provided information
from CGI for 15 additional variants not found in the
downloadable dataset. In all these cases, matching variant
annotation was available with a web query at
https://www.cancergenomeinterpreter.org/analysis. 

Concerning ClinVar (Figure 4C), myvariant.info
overlapped in 94% of all cases with the original source but
missed 19 variants found with the help of the downloadable
dataset from ClinVar. These variants were, in 14 out of 19
cases, indels. Querying Ensembl, only 35% of all variants
found in the original source were annotated.
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Figure 2. Variants assigned according to our adjusted classification.
The plot visualizes the distribution among the different tiers with help
of a stack bar plot. Most variants were classified as tier III (85.3%),
i.e. there were no annotations available in the selected databases (tier
III D, 53.8%) or variants were of unclear significance (tier III A-C,
31.5%). Only few variants were assigned to tiers I (therapeutic
implications, 6.5%) or II (other clinical implications, 7.3%). Highest
evidence levels (tier IA+B) were only assigned to 0.8% of all variants.



Discussion

Due to the increasing number of databases available for the
interpretation of clinical variants, there is a growing need
for instruments to facilitate further evaluation and decision-
making. The distribution of variants with therapeutic
implications among the databases (Figure 3) shows that a
relevant proportion of variants was only present in a single
database. Thus, all sources containing information on

therapeutic implications – small as well as large databases
– should be considered. On the one hand, there are reports
about discordances between annotation services regarding
pathogenicity and clinical actionability of variants (36, 37).
In this study, on the other hand, only few discordant
interpretations were observed. Even more, we emphasize
that competing services and databases should not be seen as
a hindrance but as possibility for sharing information. The
more sources of information that are included, the more
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Figure 3. Distribution of variants among databases. The plot shows the distribution of variants among the different databases (tier I: blue, tier II:
red, tier III: yellow). Most variants with therapeutic implications were present in databases included in the meta-database of the Variant
Interpretation for Cancer Consortium (VICC). The Jackson Laboratory Clinical Knowledgebase (JAX), Clinical Interpretations of Variants in Cancer
database (CIViC), Cancer Genome Interpreter’s variants database (CGI), Oncology Knowledge Base (OncoKB) and MolecularMatch (MM)
contained 92.2% of all tier I variants. Tier II variants were mainly present in the Clinical Variants (ClinVar) of the National Center for Biotechnology
Information (NCBI) (91.5% of all tier II variants). Regarding variants with unclear significance, ClinVar (containing 62.4% of all tier III A-C
variants) and the Catalogue of Somatic Mutations in Cancer (COSMIC) (50.2%) were the major resources. DOCM: Database of Curated Mutation;
HGMD: Human Gene Mutation Database; PharmGKB: Pharmacogenomics Knowledgebase); PhenCode: Phenotype for ENCODE; PMKB:
Precision Medicine Knowledgebase.



relevant variants can be found. However, from a practical
perspective, a low number of high-quality databases is
preferable. Thus, meta-databases are expected to be the most
useful databases for interpretation of somatic variants.

Based on our case study, evaluating variants from
MDS/AML, the VICC meta-database, featuring almost all
databases of variants with therapeutic implications (tier I
variants), was the most extensive source. Only PharmGKB and
ClinVar were not included by VICC at the time of this study.

Regarding variants with disease association, the
distribution of tier II and III variants shows that ClinVar and
COSMIC – neither included in VICC but both featured in
myvariant.info – are currently the most comprehensive
resources. However, ClinVar contained in our case study all
five variants with discordance in variant classification and
only 4.7% of all tier I variants (three out of 64 variants).
Therefore, this database seems to have limitations regarding
reporting of therapeutic implications.
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Figure 4. Intersections between databases. The upset plots show the concordance of variants between the original source and meta-databases. A:
Comparing Clinical Interpretations of Variants in Cancer (CIViC) to myvariant.info and the meta-database of the Variant Interpretation for Cancer
Consortium (VICC): While myvariant.info included all variants from the original source, VICC missed nine. B: Comparing Cancer Genome
Interpreter’s variants database (CGI) to myvariant.info and VICC: All variants were present in both meta-databases. VICC even included 15
additional variants, which were only available through a web query on https://www.cancergenomeinterpreter.org/analysis. C: Comparing the Clinical
Variants database of the National Center for Biotechnology Information (ClinVar) to myvariant.info and Ensembl: myvariant.info missed 19 variants
(6%) from the original source, while Ensembl covered only 35% of all variants found in ClinVar.



Meta-databases such as myvariant.info or the VICC meta-
database facilitate the use of multiple data sources but they
still come with certain limitations. The analysis of
overlapping information (Figure 4) indicates incomplete data
present in the meta-databases. This was most obvious in the
case of the phenotype-associated variants derived from the
Ensembl meta-database. The use of this dataset was
associated with little added value. In the case of the
myvariant.info meta-database, the CGI and CIViC databases
were completely mapped, while variants from ClinVar were
missing, including important hotspot variants such as the
nucleophosmin 1 (NPM1) codon 288 frameshift mutation (38-
40). Even VICC missed, with regards to CIViC, variants from
the original source. However, in the case of CGI, VICC
contained all variants from the downloadable dataset and
even several additional variants that were otherwise only
available via web query. Therefore, VICC seems to have
contained a more recent version of CGI than the
downloadable catalog, which was last updated January 2018.
Moreover, VICC is the only available public resource to
access bulk data from OncoKB, JAX, MolecularMatch and
PMKB. However, it should be noted that our results represent
only a snap-shot in time, all databases are subject to regular
updates.

When annotating variants, two different ways have to be
considered. If a unique identifier is available for a specific
variant, e.g. a genomic position and a nucleotide change, we
refer to this approach as the variant-centered approach. On
the contrary, if information on a specified (partly large)
genomic region is provided, it is considered a region-based
approach. As precise information on the relevant variants is,
in this case, not available, the user has to determine the
pathogenic variants by himself. Due to applicability, we only
worked with the variant-centered approach in our case study.
Due to the fact that PMKB predominantly utilizes the region-
based approach, no annotations were available from this
database. In order to make full use of all available databases,
it might also be beneficial to additionally consider a region-
based approach for the interpretation of variants.

Furthermore, each database has a unique design as well as
unique inclusion criteria for variants. Therefore, differences
in coverage of the different types of mutations are expected.
Knowledge bases like JAX, CGI, MolecularMatch,
PharmGKB, PMKB, CIViC and OncoKB only contain
variants with clinical implications (tier I and II variants),
while ClinVar is designed in a more universal way, featuring
somatic mutations, germline mutations and polymorphisms.
COSMIC, on the contrary, only contains somatic variants
which are found in cancer, without giving information on
clinical implications.

It should be mentioned that our analysis did not classify
any variant as benign (tier IV). However, this observation
was due to the databases used. We did not apply an inferred

classification as polymorphism by allele frequency (tier IV
C). When evaluating variants as polymorphism by minor
allele frequency, the use of population databases can lead to
incorrect classification, especially in the case of interpreting
somatic variants in hematological malignancies (5).
Furthermore, due to their intrinsic database design, the focus
of most knowledge bases is on therapeutic and other clinical
implications. Therefore, benign variants are not represented.
Only ClinVar contains information about benign variants but
mostly for germline variants in hereditary diseases. Variants
annotated as benign regarding a different entity (not MDS or
AML) are classified as variants of unclear significance (tier
III B) and not as tier IV variants as they may possibly have
therapeutic implications for patients with MDS or AML. In
our case study, we observed three examples: ABL1 p.K247R,
KIT p.M541L and ATM p.D1853N.

Conclusion

Our case study revealed that a single public variant database
is currently not sufficient to interpret clinical variants.
Recent activities in the harmonization of clinical variants by
means of the VICC or the myvariant.info meta-database
show a promising development in the direction of a ‘one-
stop tool’. However, at present the use of knowledge bases
can just be considered as a supportive instrument. Manual
interpretation of variants by experts and tumor boards
remains obligatory. Caution should be exercised when using
meta-databases and, if possible, the original source should
also be considered.
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