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Evidence-based review of 
variants  

Introduction to Workflow and 
process 



NGS testing workflow (Clinical Genomicist workstation- CGW) 
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Critical assessment of variants 

Variant analysis and filtration 



Inclusion Criteria 

In chronic myeloid leukemia, patients treated with Imatinib who harbored the T1236>C; 
T2677>G; T2677>A; T3435>C genotype fared …. 
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Annotation Worthy n << 1519 

Automated variant searches and 
selection process 

Prefiltering 



Gene Abstracts Index 

Relevant literature 
broken down by gene 
 
Sorted by annotation 
worthiness 
 
Human interpretation  



Gene Literature 

Relevant literature for 
given gene sorted by 
clinical relevance 
Color coded  

http://cgs.wustl.edu/~jbrown/021546987563/WuCamp2/ 
 

http://cgs.wustl.edu/~jbrown/021546987563/WuCamp2/


Search Results Annotation 

 

Inclusion Criteria: 
1. Paper must be human clinical data (n >= 7) 
2. Paper describe one or more mutations 
3. Paper must describe a clinical outcome 

Prefiltering
Total abstracts 10856
Abstracts/hour 8
Total prefilter hours 1357
FTEs 5
Actual prefilter hours 271.4
Actual prefilter weeks 6.8
Actual prefilter months 1.7
Total months 1.0

Annotation
avg accept % 19.26%
tota abs to annot 1426
papers/hr for annot 2
hrs of work 713
days of work 89
FTE 5.00
Total days @5 FTE 17.83
Total weeks @5 FTE 3.57
Total months @5 FTE (Projected) 0.89
Total months actual 1.0

Gene Status Abstracts Post-filter %retained
ERBB2 Clinical, IP issues 1382 126 9
APC Clinical 1167 86 7
CEBPA Clinical 1108 26 2
CDKN2A Clinical, V2 inf 1080 191 18
MYC Clinical, V2 inf 956 9 1
ATM Clinical 731 136 19
GSTP1 Clinical 584 166 28
ABCB1 Clinical 552 220 40
VHL Clinical 497 16 3
ESR1 Clinical 471 47 10
CYP2D6 Clinical 323 52 16
ABL1 Clinical 315 20 6
CYP19A1 Clinical 283 25 9
RB1 Clinical 275 58 21
UGT1A1 Clinical 243 25 10
DPYD Clinical 220 42 19
NOTCH1 Clinical, Prognostic 147 21 14
CDA Clinical 130 30 23
TET2 Clinical, Prognostic 85 22 26
ABCC2 Clinical 82 36 44
MPL Clinical 81 14 17
FGFR4 Clinical, Prognostic 53 27 51
ASXL1 Clinical 46 29 63
MYD88 Clinical 45 2 4
total 10856 1426 19.3%



Variant classification description 
• Level 1 Predictive or prognostic in tumor type 

(includes inherited cancer susceptibility 
variants).  

• Level 2 Predictive or prognostic in other tumor 
type(s).  

• Level 3 Reported in cancer or other disease.  
• Level 4 Variant of unknown significance.  
• Level 5 Known polymorphism.  

 



• Incorporate genomic annotation data to 
classify variants 
– Chromosome, Gene, mRNA, Protein 

(NCBI/Ensembl) 
– HGVS nomenclature 

• Consequence (Non-synonymous, Synonymous, etc.) 
• Variant Type/Subtype (Substitution, Indel, etc.) 

– Annotation databases- dbSNP, COSMIC, ClinVar, 
HGMD, NHLBI ESP, etc. 

Variant Classification-1 



• Classification strategies and rules 
– Classify SNPs using rules on dbSNP, 1000 Genomes, and NHLBI 

ESP 
– Classify clinically important variants using clinical tags in dbSNP 

(OM, CLN, MUT, CDA) and/or using databases such as ClinVar 
and HGMD 

– Classify disease variants and genes using OMIM or HGMD 
– Classify possible disease causing variants by identifying non-

synonymous variants or those that affect splicing 
– Classify possible disease causing variants using in silico 

predictions (e.g. Condel, SIFT, Polyphen) 
– Classify clinically relevant variants using patient’s phenotype(s) 

 

Variant Classification-1 



Classification rules (automated) 
• If a VariantCall has no other interpretations, but has 

COSMIC source then classification 3 
• If a VariantCall has no other interpretations, but has dbSNP 

source and (clinical assertions (OM MUT CDA) OR 
source=ClinVar), then put in class 3 

• If a VariantCall has no other interpretations, but has dbSNP 
source and flags for polymorphism (COMMON=1) but NO 
(clinical assertions (OM MUT CDA) OR source=ClinVar) then 
put in class 5 

• If a VariantCall has MAF >= 1 for All in NHLBI ESP database, 
then put in class 5 

• If a VariantCall has no other interpretations then set class 4 



• Complex decision making using the patient, variant, and 
variant call fact model 

• Variant 
– Gene, mRNA, protein coordinates 
– g, c, p syntax 
– Domains and other functional annotations 
– External variant annotation databases 
– Variant type 

• Variant Call 
– Quality criteria 

• Patient 
– Disease 
– Drug 
– Phenotype(s) 

 
 
 

Variant Classification-2 



Variant Classification to interpretation 



• An in frame deletion in exon 11 of KIT in GIST 
responds well to imatinib 
– If deletion AND 
– Consequence is non-synonymous AND 
– p syntax NOT frameshift AND 
– Start and end coordinates in exon 11 of KIT AND 
– Patient clinical indication is GIST THEN 
– Infer interpretation 

 
 
 

Example of rules-based variant filtering 



• An in frame deletion in exon 11 of KIT in GIST responds well to 
imatinib EXCEPT if there are secondary mutations in exons 13, 
14, 17, or 18 
– If deletion AND 
– Consequence is non-synonymous AND 
– p syntax NOT frameshift AND 
– Start and end coordinates in exon 11 of KIT AND 
– NOT Any non-synonymous variant in KIT in exons 13, 14, 17, or 18 

• FOR each variant called in this specimen: 
– Consequence is non-synonymous AND 
– Start and end coordinates in exon 13 OR 14 OR 17 OR 18 of KIT 

– Patient clinical indication is GIST THEN 
– Infer interpretation 

Example of rules-based variant filtering 



Actionability 
1. Practice guidelines for the genetic condition exist  
2. Professional society practice guidelines recommends 

action in  
– patient management 
– surveillance or screening  
– family management 
– circumstances to avoid 

3. Medical interventions based on new results are 
effective 

4. Actions are acceptable to individual in terms of 
burdens or risks 



Cancer Panel Initial Findings 
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• ~1500 clinical tests ordered since March, 2012 (does not 
include clinical trials) 

• ~45% of sequenced cases have specific ‘actionable’ mutations 
in targetable genes including KRAS, EGFR, KIT, and PIK3CA. 



Presentation of the results  



Challenges and approaches 



Challenges and Opportunities 
• Interpretation of genomic data is difficult and labor 

intensive 
– A blend of algorithmic and knowledge-based variant 

curation methods necessary for clinical interpretation 
– Annotating  and keeping up with variant management is 

expensive 
– Variants need to be linked with clinical outcomes  

• Urgent need for implementation of universal standards 
and variant resource databases 
– Clinical Genome Resource (ClinGen) 
– High level inventory of key aberrations in cancer with 

clinical correlation does not exist 
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