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Activities to Promote Technology Research Collaborations 
(APTRC) for Cancer Research (Admin Supp)

• Leverages two unique NCI programs focused on supporting 
technology development research with transformative 
potential for advancing cancer research
• The Innovative Molecular Analysis Technologies (IMAT) program 

supports highly innovative, data-generating platforms and 
methodologies while 

• Informatics Technologies for Cancer Research (ITCR) program 
supports powerful data processing and visualization technologies.

• The goal of the APTRC:
• Accelerate the development of new enabling cancer technologies
• Support and encourage new multidisciplinary scientific 

collaborations between IMAT and ITCR
• Bring together complementary technology platforms and 

methodologies to enhance the capabilities of either in a way that 
advances cancer research or clinical care

• Activities must be within the overall scope of active parent grants

See “Invitation to propose ITCR-IMAT collaborations” email from Juli!



APTRC Aims build directly from parent aims

Aim 1. Perform comprehensive variant curation and develop evidence-based 
prioritization for selection of high-value clinically actionable targets for panel design 

Aim 2. Develop an inexpensive, ultrasensitive experimental platform to enable 
clinical detection of actionable variants

Ultimate goal: Demonstrate that an open-access and open-source approach can 
be used to support evidence-based community-driven cancer sequencing panels

Salipante
(UW)



WashU Aim 1.1 – additional gaps will be identified and 
filled by targeted curation of key sources

Curation for APTRC difficult to separate from overall curation activities. Targeted 
curation continues to prioritize the most clinically “actionable” variants



WashU Aim 1.2 - Development of an evidence-based prioritization 
scheme for automated target selection and panel design

Create CIViC score to determine extensively curated variants

CIViC Score = ∑(Evidence Level)*(Trust Rating)

EID662 = B(4) * 4 = 16
EID990 = B(4) * 3 = 12 
EID134 = B(4) * 3 = 12 
EID135 = C(3) * 3 =  9 

CIViC Score = 49

Figure 1. Example of CIViC entry for KRAS (G12/G13).
The first panel details the evidence summary at the gene level.  
The second panel details the evidence summary at the variant 
level. The third panel details evidence items that support the 
variant and gene level summaries.
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The first panel details the evidence summary at the gene level.  
The second panel details the evidence summary at the variant 
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variant and gene level summaries.



WashU Aim 1.3 - Modification of CIViC interface to 
display variant prioritization score and probe design

• In order to facilitate widespread usage and integration of the 
prioritization score and probe design modifications to the CIViC
interface will be needed. 

• Scores will be displayed at gene and variant level indicating 
cumulative score of “clinical relevance”

• Scores will be integrated into existing search and filtering 
features of the site 

• Facilitate rapid identification of the complete set of variants 
currently eligible for inclusion in a CIViC-based panel.

• Designed probe sequences for each variant will be made 
available through the public interface, providing complete 
transparency and facilitating widespread adoption of the 
technology. 

• As CIViC variants are added and achieve threshold score, new 
probes will be added allowing the continual evolution of a 
comprehensive and current precision medicine resource.



CIViC Variant Evidence Score is dynamically calculated and 
displayed



Panel-development incorporated into CIViC search 
and download features



Developed OpenCAP resource to walk users through 
panel development

OpenCAP describes methods for capture panel development 
using variants within the CIViC database.

OpenCAP creates user-friendly 
output reports for identified 
somatic variants

http://opencap.org

http://opencap.org/


smMIPs provide an ultra-sensitive, cost-effective 
method for assaying variants
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• The single-molecule Molecular Inversion Probes 
(smMIPs) method modifies established assays for 
multiplex sequence capture using MIPs such that 
each copy of a target is “tagged” with a Unique 
Molecular Identifier (UMID), a unique, random DNA 
sequence, during the capture reaction. 

• Couples scalable target enrichment with sequence 
read error correction:

• High multiplex capabilities: >50,000 reactions, targeting 
up to 125kb without intra-probe interference.

• UMID retained on all copies of a smMIP molecule during 
PCR and sequencing used to determine which sequence 
reads share a common origin. 

• Reads derived from the same capture event error-correct 
one another to yield an independent haploid consensus 
for each progenitor molecule. 

• Error-rate of sequencing and library preparation is 
effectively eliminated. 

• Advantages: generally applicable to any target, 
cost-effective, ultrasensitive, quantitative, and 
scalable

Stephen Salipante



UW (Salipante) Aims - Develop an inexpensive, ultrasensitive experimental 
platform to enable clinical detection of actionable variants 

• 2.1 smMIP panel design
• Design a smMIP capture panel targeting ~70kb of genomic sequence. 

• CIVIC-prioritized targets
• full-gene tiling and mutational hotspot targeting
• double-stranded capture design

• 2.2 Analysis pipeline
• Data-cleaning, merging overlapping paired-end reads, grouping of reads based on shared UMID 

sequences, UMID-mediated consensus calling of reads originating from the same progenitor 
molecules, optimized alignment of consensus sequences to targets, and variant calling

• Expand functionality to double-stranded capture design 
• Intersect variant calls with the CIViC database API to create clinical summaries for individual 

cancer patients
• 2.3 Validation Approach

• Validate the CIViC smMIP panel by re-characterizing clinical specimens which have previously 
been submitted for genomic characterization

• Evaluate at least 50 de-identified cancer specimens (predominantly lung adenocarcinoma, 
colorectal adenocarcinoma, and endometrial carcinoma specimens
• evaluate sensitivity and specificity

• 2.4 Prospective application of panel to clinical specimens
• Prospectively sequence at least 20 residual, de-identified clinical specimens submitted for 

genomic characterization by existing high-throughput sequencing clinical oncology assays 
offered by our institutions (UW-OncoPlex and WUCaMP)

• Compare variants identified, de-identified clinical reports issued, assess whether the 
enhanced performance capabilities offered by CIViC-smMIP (ultrasensitivity and/or improved 
clinical interpretation) would have impacted patient care

Stephen Salipante



A demonstrative panel was created using CIViC/OpenCAP



The panel contained 111 clinically relevant 
variants/regions/genes



Samples with orthogonal sequencing were identified

● 22 Samples were identified to test CIViC smMIPs panel design
● Samples were derived from 5 different tumor subtypes
● Each sample had previous orthogonal sequencing (whole exome- or 

whole genome sequencing)
● Each sample has known true somatic variants that overlap with variants 

in the CIViC smMIPs capture panel



Variants observed on WEX/WGS were also observed 
using the CIViC smMIPs capture panel



Variant Allele Frequencies were concordant between 
both sequencing methods

● VAF showed Pearson’s R correlation of 0.885
● Variants that were not observed on smMIPs but were identified on 

original sequencing was not associated with tumor type, total coverage, 
or DNA mass input



173 clinical variants were identified by smMIPs but not 
observed on original sequencing

● 162 variants showed variant support using 
smMIPs sequencing but no support on 
original sequencing

● VAF for these variants was below the 
level of detection based on original 
sequencing coverage

● 11 variants showed variant support on 
both smMIPs sequencing and original 
sequencing but were not labeled as a true 
somatic variant on original sequencing

● VAF for these variants was was directly 
correlated on both sequencing platforms



Preprint online

In Review at Journal of Molecular Diagnostics

Erica Barnell



CIViC U01 Collaborative set-aside proposal

• Goal: Develop collaboration between CIViC and ClinGen Somatic 
Working Group

• Task 1. Develop CIViC Assertion framework
• Subtask 1.1 Develop assertions data model and UI
• Subtask 1.2 CIViC-ClinGen face-to-face meeting

• Task 2. Develop the pipeline for ClinGen expert curation in CIViC and 
ClinVar submission
• Subtask 2.1 Develop ClinVar submission pipeline
• Subtask 2.2 CIViC-ClinGen Hackathon

19



ClinGen - NIH-funded resource dedicated to defineing the clinical relevance of genes 
and variants for use in precision medicine and research

• Primarily focused on germline/constitutive disorders
• Somatic Cancer Working Group



Members of CIViC team joined last two ClinGen SWG in-
person meetings to gather requirements

• Harmonization with MVLD
• CIViC “Organizations” to track curation activity of

ClinGen groups and sub-groups
• Support for AMP/ACMG evidence levels

• Develop CIViC Assertions

• Support ClinVar submission

AACR, Washington DC, April 2017 AACR, Chicago, April 2018



ClinGen MVLD format was mapped to CIViC
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Arpad Danos



Organizations and sub-organizations allow ClinGen
working group and task teams to track activity



CIViC Assertions allow multiple evidence items to be 
summarized into a single ”state-of-the-field” statement
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Somatic WG adopted CIViC as curation platform

• 34 ClinGen Somatic 
WG curators in CIViC

• 238 Evidence items 
entered and reviewed

• 3 Somatic assertions 
using AMP guidelines
• MVLD pre-curation of 

somatic assertion
• Curators enter PMID 

evidence items
• Somatic WG “sign 

off” assertions

• Pilot ClinVar
submission in progress



Partnership between ClinGen, CIViC and Cancer Genetics journal creates a 
pipeline for rapid dissemination of clinically relevant cancer variants

• Simple 
submission

• Rapid 
review and 
publication

Cancer 
Genetics 
Journal

• Expert 
review

• Data 
formatting 

CIViC

• Transfer 
interface 
from Civic

• Variant 
scoring 
system

ClinVar



CIViC-ClinGen Hackathon and curation jamboree at Scripps

• 50 participants

• 25 institutions

• 5 countries, 4 continents

Andrew Su



Curators discussed incentivization schemes, best practices, data
model, evidence codes, and worked on curation

https://github.com/griffithlab/civic-meeting/issues/

https://github.com/griffithlab/civic-meeting/issues/


Hackers focused on CIViC integration

https://github.com/griffithlab/civic-meeting/issues/

https://github.com/griffithlab/civic-meeting/issues/


Worked through a diagnostic assertion as a group

Group CIViC training - evidence submission, moderation 
and summarization



Identified specific needs for pediatric tumor variant interpretation

1. Disease ontology
a. Adding pediatric cancer 

types
b. Lynn Schriml
c. ClinGen Pediatric Task 

Force
2. Human Phenotype 

Ontology
a. New Term: Pediatric onset

i. Infantile (<12 mo)
ii. Childhood (1-5 years)
iii. Juvenille (5-15 years)



CIViC Integration with open-sourced software

33

IGV 
Integration

JBrowse Integration

CRAVAT 
Integration



NDEx integration
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