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ABSTRACT
Several knowledgebases, such as CIViC, CGI and OncoKB, have been manually curated to
support clinical interpretations of somatic mutations and copy number abnormalities (CNAs)
in cancer. However, these resources focus on known hotspot mutations, and discrepancies or
even conflicting interpretations have been observed between these knowledgebases. To
standardize clinical interpretation, AMP/ASCO/CAP/ACMG/CGC jointly published consensus
guidelines for the interpretations of somatic mutations and CNAs in 2017 and 2019,
respectively. Based on these guidelines, we developed a standardized, semi-automated
interpretation tool called CancerVar (Cancer Variants interpretation), with a user-friendly web
interface to assess the clinical impacts of somatic variants. Using a semi-supervised method,
CancerVar interpret the clinical impacts of cancer variants as four tiers: strong clinical
significance, potential clinical significance, unknown clinical significance, benign/likely benign.
CancerVar also allows users to specify criteria or adjust scoring weights as a customized
interpretation strategy, and allows phenotype-driven scoring for specific types of cancer.
Importantly, CancerVar generates automated texts to summarize clinical evidence on somatic
variants, which greatly reduces manual workload to write interpretations that include relevant
information

from

harmonized

knowledgebases.

CancerVar

can

be

accessed

at

http://cancervar.wglab.org and it is open to all users without login requirements. The command
line tool is also available at https://github.com/WGLab/CancerVar.
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INTRODUCTION
A large number of somatic variants have been identified by next-generation sequencing (NGS)
during the practice of clinical oncology to facilitate precision medicine (1,2). In order to better
understand the clinical impacts of somatic variants in cancer, several knowledgebases have
been curated, including OncoKB(1), My Cancer Genome(3), CIViC (4), Precision Medicine
Knowledge Base(PMKB) (5), the JAX-Clinical Knowledgebase (CKB) (6), and Cancer
Genome Interpreter (CGI) (7). However, the interpretation of cancer variants is still not a
standardized practice, and different clinical groups often generate different or even conflicting
results. To standardize clinical interpretation of cancer variants, the Association for Molecular
Pathology (AMP), American Society of Clinical Oncology (ASCO), College of American
Pathologists (CAP), American College of Medical Genetics and Genomics (ACMG) and the
Cancer Genomics Consortium (CGC) jointly proposed standardized guidelines for reporting
and interpretation of single nucleotide variants (SNVs), indels (8) and copy number
abnormalities (CNAs) (9) in 2017 and 2019. These guidelines categorize somatic variants
CNAs into a four-tiered system, namely strong clinical significance or oncogenic, potential
clinical significance or likely oncogenic, unknown clinical significance, and benign/likely
benign.

Accurate interpretation of clinical significance depends greatly on the harmonization of
evidence, which should be precisely derived and standardized from multiple databases and
annotations. To evaluate the reliability of the 2017 AMP/ASCO/CAP guidelines, Sirohi et al.,
compared human classifications for fifty-one variants by randomly selected 20 molecular
pathologists from 10 institutions (10). The original overall observed agreement was only 58%.
When providing the same evidential data of variants to the pathologists, the agreement rate
of re-classification can increase to 70%. However, there are still some interpretation
discordance in intra- and inter-laboratory settings. The reasons for discordance are: (i)
gathering information/evidence is quite complicated, and may not even be reproducible by the
same interpreter at different time points; (ii) different researchers may prefer to use different
algorithms, cutoffs and parameters, making the interpretation less comparable between
laboratories.

To address these issues and improve automated clinical interpretations of cancer variants, we
developed a new web application called CancerVar (Cancer Variants interpretation), with a
user-friendly web interface to assess the clinical impacts of somatic variants and CNAs.
CancerVar is a standardized, semi-automated interpretation tool using 12 clinical-based
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criteria from AMP/ASCO/CAP guidelines. It can generate automated texts with summarized
descriptive interpretations, such as diagnostic, prognostic, targeted drug responses and
clinical trial information for many hotspot mutations, which will significantly reduce the
workload of human reviewers and advance the precision medicine in clinical oncology.
CancerVar also allows users to query clinical interpretations for variants using chromosome
position, cDNA change or protein change, and interactively fine-tune weights of scoring
features based on prior knowledge or additional user-specified criteria. Compared to existing
knowledgebases that document specific hotspot mutations, CancerVar is an improved web
server providing polished and semi-automated clinical interpretations for somatic variants in
cancer, and it greatly facilitates human reviewers draft clinical reports for panel sequencing,
exome sequencing or whole genome sequencing on cancer.

MATERIAL AND METHODS
Collection of clinical evidence criteria
According to the AMP/ASCO/CAP 2017 guidelines, there are a total of 12 types of clinically
derived evidence to predict the clinical significance for somatic variants, including therapies,
mutation types, variant allele fraction (mosaic variant frequency (likely somatic), non-mosaic
variant frequency (potential germline)), population databases, germline databases, somatic
databases, predictive results of different computational algorithms, pathway involvement, and
publications (8,11). As shown in Figure 1, CancerVar contains all the above 12 types of
evidence, among which 10 of them are automatically generated, while the other two, including
variant allele fraction and potential germline, require user input for manual adjustment.
Prioritization of clinical significance for variants from the evidence-based scoring
system
CancerVar evaluates each set of evidence as clinical evidence based prediction (CBP). The
variant evidence will get 2 points for moderate evidence for clinical significance,1 point for
supporting evidence for clinical significance or oncogenic, 0 for no support of clinical
significance or neutral, -1 for evidence supporting benign impact. The CancerVar score will be
the sum of all the evidence. The complete score system for each CBP can be found in
Supplementary Table 1. Let the 𝐶𝐵𝑃[𝑖] be the 𝑖 th evidence score, weight [𝑖] is the score for 𝑖 th
evidence. The CancerVar score can be calculated in Equation 1. The weight is 1 by default,
but users can adjust it based on its importance from prior knowledge. Based on the score
range in Equation 2, we classify each variant into one of the four Tiers: strong clinical
3
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significance (oncogenic), potential clinical significance (likely oncogenic), unknown clinical
significance (VUS), and benign/likely benign.
𝐶𝑎𝑛𝑐𝑒𝑟𝑉𝑎𝑟 𝑠𝑐𝑜𝑟𝑒 (𝐶𝑆) = ∑12
𝑖=1 𝑊𝑒𝑖𝑔ℎ𝑡[𝑖] ∗ 𝐶𝐵𝑃[𝑖]
𝑆𝑡𝑟𝑜𝑛𝑔 𝑐𝑙𝑖𝑛𝑖𝑐𝑎𝑙 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑐𝑒
𝐶𝑆 ≥ 11
𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑐𝑙𝑖𝑛𝑖𝑐𝑎𝑙 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑐𝑒
8 ≤ 𝐶𝑆 ≤ 10
𝐼𝑛𝑡𝑒𝑟𝑝𝑟𝑒𝑡𝑎𝑡𝑖𝑜𝑛 = {
𝑉𝑈𝑆
3 ≤ 𝐶𝑆 < 8
(𝐿𝑖𝑘𝑒𝑙𝑦) 𝐵𝑒𝑛𝑖𝑔𝑛
𝐶𝑆 ≤ 2

(1)

(2)

Clinical interpretations for somatic CNAs in cancer
The interpretation of somatic CNAs is slightly different from the above approach since it does
not have a scoring system. The ACMG/CGC guideline (9) proposed four Tier evidence-based
categorization system for CNAs as:
1. Variants with strong clinical significance (Tier 1/ Strong clinical significance): the CNA
had diagnostic, prognostic, and/or therapeutic evidence, and included in professional
guidelines, and/or can be treated with FDA approved drugs.
2. Variants with some clinical significance (Tier 2/ Potential clinical significance):
Recurrent CNAs observed in different neoplasm but not specific to a particular tumor
type, or shown average quality of diagnostic, prognostic or therapeutic evidence in
specific neoplasm.
3. Variants with no documented cancer association (Tier 3/Uncertain Significance): any
CNAs that do not meet the criteria for Tiers 1 and 2 and cannot be classified as benign
or likely benign.
4. Variants as benign or likely benign (Tier 4/(Likely) Benign): CNA listed in the ClinGen
with curated benign variants and/or in the Database of Genomic Variants (DGV)
with >=1% population frequency.
We curated the CNA list from the ACMG/CGC guideline with the above criteria and complied
the final CNA list for oncogenicity prediction.
Database sources and pre-processing
The cancer gene census list of potential cancer driver genes were important to many somatic
variants annotation tools. To focus on established cancer genes, we curated 1,911 cancer
genes with 13 million exonic variants and 1,063 CNAs from existing cancer databases,
including COSMIC, CIViC, OncoKB, CGI and others. For each exon position in these 1,911
genes, we generated all three possible nucleotide changes. All other knowledge-based
annotation datasets were compiling the variants which were only previously reported or
documented, while CancerVar fully scanned all the potential variants of significance. This is
one of different aspects when comparing CancerVar with other knowledge-based annotators.
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We pre-compiled 10 criteria for all the possible variant changes. This makes the variant
searching in CancerVar very fast. In CancerVar, we documented all types of clinical evidence
such as in-silico prediction, drug information, and publications in detail to help users making
their own clinical decisions according to their prior knowledge.
Web server implementation
CancerVar is a web server that is free and open to all users without login requirements.
CancerVar is implemented in PHP framework (version 7.2.15, http://www.php.net), MongoDB
(version

1.3.4,

https://www.mongodb.com),

and

Apache

(version

2.4.29,

https://httpd.apache.org), with support for all major web browsers. The front client-side
interface was implemented using HTML5, Bootstrap (https://getbootstrap.com/) and
JavaScript libraries, including jQuery (http://jquery.com). The data of pre-compiled mutations
and CNAs are stored in MongoDB tables. To enhance security and protect privacy, the
interpretation is calculated on the fly, and no user data are stored on server-side except access
logs.

RESULTS
Summary of input and output features
The illustration of CancerVar web interface is shown in Figure 2. CancerVar provides multiple
query options at variants-, gene-, and CNA levels across 30 cancer types and two versions of
reference genomes: hg19 (GRCh37) and hg38 (GRCh38). Given user-supplied input,
CancerVar generates an output web page, with information organized as cards including free
text interpretation summary, gene overview, mutation information, evidence overview,
pathways, clinical publications, protein domains, in silico predictions, exchangeable
information from other knowledgebases.
Inputs
In the CancerVar web portal, users can search their exonic cancer variants by genomic
coordinate positions, dbSNP ID, and HGNC gene symbol with cDNA or protein change. If the
user already know the information of each of the scoring criteria for the variant (possibly
inferred by themselves using other software tools), they can alternatively compute the clinical
significance of the variant from the “Interpret by Criteria” service instead. In addition to the web
server, we also provide local version of CancerVar for batch processing of variants. For the
local command-line version of CancerVar, the input file could be pre-annotated files in tabdelimited format (generated by ANNOVAR or other annotation tools), or unannotated input
files in VCF (CancerVar will call ANNOVAR to generate necessary annotations).
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Outputs
The CancerVar web server provides full details on the variants, including all the automatically
generated criteria, most of the supporting evidence and other necessary information. Users
then have the ability to manually adjust these criteria and perform re-interpretation based on
their prior knowledge or experience. For the local command-line version of CancerVar, the
output will be 12 sets of criteria that are either automatically generated or manually supplied
by the user, each variant will be provided with a prediction score and clinical interpretation as
strong clinical significance, potential clinical significance, uncertain significance, likely
benign/benign based on the AMP/ASCO/CAP/ACMG/CGC guidelines.
Web

application

programming

interface

(API)

and

standalone

software

for

programmatic access
The CancerVar RESTful service provides other web applications access to CancerVar with a
straightforward protocol. With the support of RESTful services, other variant annotation
applications which are built on various programming languages and platforms can easily
access CancerVar interpretation information. The API of CancerVar is implemented to provide
data in two ways, JavaScript Object Notation (JSON) or direct web page as HyperText Markup
Language (HTML). Full details and code samples are provided at the CancerVar online tutorial.
Additionally, the local version of CancerVar is command-line driven program implemented in
Python, and can be used on a variety of popular operating systems where Python is installed.
The source code of the local version of CancerVar and step-by-step instructions are freely
available from GitHub (https://github.com/wglab/CancerVar) for non-commercial users.
Performance assessment and comparative evaluations of CancerVar
Sirohi et. al measured the reliability of the 2017 AMP/ASCO/CAP guidelines (10) using fiftyone variants (31 SNVs, 14 indels, 5 CNAs, one fusion) based on literature review. In their
study, they found an agreement rate of only around 58% between different groups. When
provided with detailed information on evidence for variants, the agreement rate can increase
to 70%. Among these variants, we selected 48 variants including all 31 SNVs, all 5 CNAs, 12
insertion-deletion variants (we did not find alternative alleles information for two indels in gene
CHEK1 and MET). CancerVar interpreted these 48 variants with the specified cancer types.
Since these 48 variants do not have solid/consistent clinical interpretation, we compared 20
pathologists’ opinions from 10 institutions with CancerVar’s predictions. As shown in Table 1,
CancerVar assigned 24 variants as strong or potential clinical significance. Among these 24
variants, the pathologists classified 20 variants as strong or potential clinical significance in
agreement. Moreover, CancerVar assigned 23 variants as VUS; among these 23 variants, 11
variants also be classified as VUS by pathologist reporters. In total, 31 variants (around 65%)
6
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have a match of clinical significance between human reporters and CancerVar. The
interpretation details of these 48 variants can be found in the Supplementary Table 2 and
Supplementary Figure 1. Compared to human interpreters, the advantages of CancerVar is
clear, in that it can automatically generate clinical interpretations with standardized, consistent
and reproducible workflow, with evidence-based support for each of the 12 criteria. Therefore,
CancerVar will greatly reduce the workload of human reviewers and facilitate the generation
of precise and reproducible clinical interpretation.
USE CASES
In this section, we provide three examples of the possible user cases for CancerVar and
demonstrate the advantages of CancerVar.
Use Case 1:

Comprehensive interpretation of AKT1 somatic mutations in Breast

Cancer
In this use case, we showed the clinical interpretation of the E17K mutation in AKT1 for breast
cancer. Breast cancer is one of the most common cancer diagnosed in women in the world
(12), and a number of significantly mutated genes were previously implicated in breast cancer,
such as PIK3CA, PTEN, AKT1, TP53, PTPN22, PTPRD, NF1, SF3B1 and CDKN1B (13). The
AKT1 (encoding protein kinase B) is a member of the serine-threonine kinase class and a
known oncogene in breast cancer, which plays a key role in breast cancer onset (14,15). One
hotspot mutation in AKT1 [c.G49A:p.E17K] has been observed in the highest incidence in
breast cancer, acting as oncogenic and a therapeutic target (15,16).
We queried this missense mutation using protein change and selected cancer type as “Breast”.
CancerVar quickly returned the information displayed as several cards in the web page,
including interpretation summary, gene overview, mutation information, evidence overview,
pathways, clinical publications, protein domains, other in silico predictions, exchangeable
information from other databases. CancerVar also automatically generated the free text
interpretation summary of the variant’s clinical impact. For this mutation, CancerVar assigned
the automated clinical significance as “Tier II/Potential clinical significance”. Additionally, it
provided a one-stop shop from variants to genes and to drugs under specific cancer types.
From CBP_1, CancerVar found some therapeutic evidence in breast cancer, and showed that
known treatments mostly involved the drug Capivasertib and AZD5363, and most of the drug
responses are sensitive (each of them >38%). However, from the clinical publication card and
therapeutic evidence detail table, we also found some reports mentioning that the drug MK2206(PI3K pathway inhibitor) did not show sensitivity or show no benefit (15,17) after the
treatments. CancerVar did not find more evidence from the diagnostic and prognostic aspects.
From CBP_7, this mutation is absent or extremely low minor allele frequency in the public
7
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cohorts such as gnomAD, ExAC, ESP6500 and 1000 Genomes Project. ClinVar also noted
this mutation as pathogenic. This mutation were also found in the COSMIC database and
ICGC database. Four out of 7 in silico methods (including SIFT (18), PolyPhen2 (19),
MutationAssessor (20,21), MetaLR (22), GERP++ (23), MetaSVM (22), FATHMM (24))
predicted this mutation as (likely) pathogenic. Finally, this E17K mutation got a score of 10
and then was assigned as Potential clinical significance by CancerVar. The detail of this use
case can be viewed in Figure 3.
Use Case 2: Re-interpretation of FOXA1 somatic mutation in Prostate Cancer
This user case illustrates how to use automated interpretation and manual adjustment to
derive a final interpretation for somatic mutations. Prostate cancer is the most commonly
diagnosed cancer in men in the world (12). The FOXA1 protein (Forkhead box A1, previously
known as HNF3a) is essential for the normal development of the prostate (25). The FOXA1
somatic mutations have been observed frequently in prostate cancer(26) and are associated
with poor outcome. However, the mechanism of driving prostate cancer by mutations in
FOXA1 was still not clear. Recently, two papers published in Nature demonstrated that FOXA1
acts as an oncogene in prostate cancer (27,28). They found that the hotspot mutation at R219
(R219S and R219C) drove a pro-luminal phenotype in prostate cancer and exclusive with
other fusions or mutations (27,28). We interpreted these two mutations, but here we only
illustrated the clinical interpretation for R219S since the interpretation result of R219C was
very similar to R219S. We searched this missense mutation R219S using protein change and
gene name as “FOXA1” in the CancerVar web server. CancerVar gave automated clinical
significance as “Uncertain Significance”. CancerVar did not find any therapeutic, diagnostic
and prognostic evidence for this mutation. In addition, from CBP_7, this mutation is absent or
has extremely low minor allele frequency in the public allele frequency database. All seven in
silico methods predicted this mutation as (likely) pathogenic. According the AMP/ASCO/CAP
guidelines, this variant falls into the class of “uncertain significance” with a score of 5. However,
we need to manually adjust the weight of CBP_12 since recently two publications reported its
biological functions in prostate cancer. We also need to adjust the weight of CBP_9 as
moderate evidence, since this mutation has been recently incorporated in somatic databases
including COSMIC (ID: COSM3738526) and MSK-IMPACT(29). The new prediction of clinical
significance was therefore changed to “Potential clinical significance” with a score of 8. This
semi-automated interpretation approach will greatly improve the prediction accuracy for each
variant, given existing knowledge and domain expertise. We acknowledge that a model-based
approach involving machine intelligence can be as another option and may be explored in our
future work. The detail of this use case can be viewed in Figure 4.
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Use Case 3: CNA interpretation for ERBB2 in Lung Cancer
CancerVar also provides clinical impact interpretation for CNAs in specific cancer types. Lung
cancer is the most common cause of global cancer-related mortality worldwide. ERBB2/HER2
amplification has been classified as one of the oncogenic drivers for lung cancer (30,31). We
checked “Query by HGNC gene symbol or Alternations” in the CancerVar web server, using
ERBB2 as gene name with option as Copy numbers, cancer type as “Lung”. CancerVar
returned a table with 11 entries. We found that CancerVar listed all the ERBB2 with CNAs as
amplification in lung cancer and the clinical significance as “Potential clinical significance”. The
table also provided the drug and response for this CNA, with publications as PubMed ID and
hyperlinked URL. The details of this use case can be viewed in Figure 5. Other comprehensive
genomic alternations (such as gene fusions) may be incorporated in an expanded version of
CancerVar in the future.

DISCUSSION
Clinical interpretation of cancer somatic variants remains an urgent need for clinicians and
researchers in precision oncology, especially given the transition from panel sequencing to
whole exome/genome sequencing in cancer genomics. To build a standardized, rapid and
user-friendly interpretation tool, we developed a web server to assess the clinical impacts of
somatic variants using the AMP/ASCO/CAP/ACMG/CGC guidelines. CancerVar is an
enhanced version of cancer variants knowledgebase incorporated from our previously
developed tools for variant annotations and prioritizations including InterVar (32), VIC (11),
iCAGES (33), as well as assembling existing variants annotation databases such as CIViC(4),
CKB(6) and OncoKB(1). We stress here that CancerVar will not replace human acumen in
clinical interpretation, but rather to generate automatic evidence to facilitate/enhance human
reviewers by providing a standardized, reproducible, and precise output for interpreting
somatic variants.
In CancerVar, we did not reconcile the well-known “conflicting interpretation” issues across
knowledgebases, but we documented and harmonized all types of clinical evidence (i.e. drug
information, publications, etc) in detail to allow users make their own clinical decisions based
on their own domain knowledge and expertise. Compared to existing knowledgebases such
as OncoKB, CIViC and CBK, CancerVar provides an improved platform in four areas: (i)
comprehensive, evidence-based annotations with rigorous quality control for several types of
somatic variants including SNPs, INDELs, and CNAs; (ii) well-designed, flexible scoring
system allowing users to fine-tune the importance of evidence criteria according to their own
prior beliefs; (iii) improved automation workflow for faster querying of variants of interests by
9
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genomic positions, SNP ids, official gene symbols; (iv) automatically summarized
interpretation text so that users do no need to query evidence from multiple knowledgebase
manually. We expect CancerVar to become a useful web service for the interpretation of
somatic variants in clinical cancer research.

We also need to acknowledge several limitations in CancerVar. First, the scoring weight
system is not sufficiently robust. We note that the existing clinical guidelines did not provide
the recommendations for weighting different evidence types, and therefore treated all weights
as equal by default; however, with the increasing amounts of clinical knowledge on somatic
mutations, we expect that we may build a weighted model in the future to enhance the
prediction accuracy. Second, there are no scoring and weighting systems for CNA
interpretation in the existing interpretation guidelines, so we did not design such a scoring
system currently; in the future, we will design and implement the scoring system for CNAs
based on the platform used to discover CNAs, the reliability of the CNA calls, the genes
covered by the CNAs and additional cancer type specific information from existing databases
(given that different cancer types have different CNA profiles). Third, CancerVar cannot
interpret inversions and gene fusions, and cannot interpret gene expression alterations, even
though these genomic alterations may also play important roles in cancer progression. Before
a specific guideline for these types of mutations become available, we suggest that users treat
them as CNAs (gene inversions/fusions as deletions, and gene expression down-regulation
or up-regulation as deletions or duplications). Fourth, our treatment of specific types or
subtypes of cancer can be improved. Although CancerVar interprets “All cancer types” by
default, we currently support the use of different cancer classification systems (such as
OncoTree(http://oncotree.mskcc.org/)) to re-weight and fine-tune the interpretations (see
Figure 3 and 4 as examples on breast and prostate cancer). Additionally, we are using
phenotype-driven gene scoring approaches (such as Phenolyzer(34) and Phen2Gene(35)) to
re-weight genes based on the cancer types in the interpretation procedure. Finally, artificial
intelligence or machine learning may be used to integrate with larger knowledgebase, replace
part of the rule-based decisions in the current guidelines. In user case 2, we specifically
demonstrated that new literature based knowledge may be incorporated in the interpretation
process to perform adjustment, and this procedure to update database information may be
partially performed by artificial intelligence. In summary, CancerVar is a web server providing
polished and semi-automated clinical interpretations for somatic variants in cancer, and it
greatly facilitates human reviewers to draft clinical reports for panel sequencing, exome
sequencing,whole genome sequencing and copy number assays on cancer. We expect to
10
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continuously improve CancerVar and incorporate new functionalities in the future, similar to
what we have done on the wInterVar server and wANNOVAR server.

AVAILABILITY
CancerVar is a web server, and it can be accessed at http://cancervar.wglab.org. The local
command-line

version

of

CancerVar

is

available

on

GitHub

(https://github.com/wglab/CancerVar) for users who wish to perform batch analysis of somatic
variants.
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TABLE AND FIGURES LEGENDS
Table 1. Comparison of the classification on 48 variants between 20 pathologists and
CancerVar.
CancerVar
interpretation

Interpretation from 20 pathologists
S/P*

VUS

B

Total

S/P

20

4

0

24

VUS

11

11

1

23

B

0

1

0

1

Total

31

16

1

48

*S stands for Strong clinical significance, P stands for Potential clinical significance, VUS
stands for variant uncertain significance, B stands for (likely) benign.

15

bioRxiv preprint doi: https://doi.org/10.1101/2020.10.06.323162; this version posted October 10, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

Figure 1. The functions of CancerVar and the descriptions of 12 types of evidence.
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Figure 2. Illustration of input and output features in CancerVar web interface. Users can query
variants by genomic locations, gene symbols with cDNA or protein change, and copy number
variations. CancerVar classifies each variant into one of the four categories and displays all
evidence in nine cards. CancerVar is also available in command-line version to facilitate batch
analysis by users.
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Figure 3. Example outputs in use case 1: we queried AKT1 with E17K protein change in breast
cancer. CancerVar provided detailed information for this variant, genes, summaries of 12
CBPs, and automatic classification as “Potential clinical significance”. The detailed information
for each CBP is clickable. For example, when clicking CBP_1, specific therapeutic evidence
such as target drugs and responses linking to PubMed IDs.
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Figure 4. Adjustable weights for scoring variants in use case 2: we queried FOXA1 mutation
R219S in prostate cancer. The original prediction of this variant was uncertain-significance.
However, after adjusting the importance of CBP9 and CBP12 based on users’ prior knowledge,
CancerVar predicted this variant as Potential clinical significance.
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Figure 5. Clinical interpretations for CNAs in use case 3: we queried ERBB2 CNAs in Lung
cancer. CancerVar displayed evidence that the majority of ERBB2 CNAs are amplification,
predicted as Potential clinical significance. CancerVar also provided detailed therapeutic
evidence of target drugs and patients’ treatment responses for each CNAs.
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Supp.Figure-1 Comparison of interpretation on 43 variants between 20 pathologists and
CancerVar.

*P stands for Strong clinical significance, LP stands for Potential clinical significance, VUS
stands for variant uncertain significance, B stands for (likely) benign.
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