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Biomarkers for decision support in the 
continuum of cancer care 
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Types of Decision Support: 
Which tests to order? 

How to interpret and report results? 
How to apply results to patient care? 

Mode of Decision Support: 
When 
How 

To Whom 



Unselected Population 



Treat Unselected 

Response No Response 



2002 
Comparison of 4 Chemotherapy Regimens  

in Advanced Lung Cancer 

Response rate – 19% 
Median TTP – 3.7 mos 
Median OS – 8 mos 

Schiller et al, NEJM ‘02 

1207 pts 



Mok TS, et al. N Engl J Med. 2009;361(10):947-957. 

2009 
EGFR mutated lung cancer 

Ref: Mok et al NEJM 2009; 
updated data Fukuouka et al JCO 2011 

Initial phase III first line EGFR TKI trial: “IPASS” 
EGFR TKI vs. Carboplatin - Paclitaxel 
in Never- or Light Ex-Smokers 



Unselected Population 



Selected Population 

Predictive 
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Treatment 

Efficacy 

Informs  
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Treat Selected 

Primary Sensitivity Primary Resistance 

Disease Progress 

Acquired Resistance 

Targeted  
Therapy 



http://www.genome.gov/sequencingcosts/ 



Riding the Tsunami of Genomic Data 

Evolution of testing strategies 
Single mutation -> Hot spot panels -> NGS 



Knowledge Gap 

“Three new surveys… reveal a disconnect in the 
understanding of and communication about 
genetic mutation testing among healthcare 
professionals and cancer patients” 



Levels of Evidence 

Clinical Validity Pre-clinical 

Animal Models 
Cell Lines 

Separates one population into two or more 
groups with distinctly different outcomes 

Clinical Utility 

Incorporated into standard of 
care clinical decision making 

Retrospective 
Cohort Studies 

Non-randomized 
Prospective Studies 

Case 
Reports 

Randomized 
Prospective Studies 

Guidelines 



Old Method for Reporting Mutation Results  
in the Electronic Medical Record  

Old Method: 
• Report Template 
• Scanned into Electronic 

Health Record as image 
file (not computable) 

 
Challenges:  
• How to report > 100’s 

genes? 
• Whose role to curate 

knowledge regarding 
clinical significance?  

• Lack clinical trial 
information 



Mission of My Cancer Genome 

To curate and disseminate knowledge 
regarding the clinical significance of 
genomic alterations in cancer  



My 
Cancer 

Genome 

Content 
Generation 

Content 
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Manually Curated Content 
 

21 Cancers 
 
 
 
 
 
 
 
 
 
 
 
 

56 Genes 
 

428 Disease-Gene-Variant 
Relationships 

ALL 
ALCL 
AML 
CML 
MDS 
GIST 
IMT 

Breast 
Glioma 
Gastric 
Lung 

 

Colorectal 
Basal Cell Carcinoma 

Bladder 
Medulloblastoma 

Melanoma 
Neuroblastoma 

Ovarian 
Rhabdomyosarcoma 

Thymic 
Thyroid 



Location of 
Alteration in Gene 

Frequency of 
Alteration in Disease 

Response to Drug 
Sensitivity/Resistance 

Levels of Evidence 
• FDA Approvals 
• Guidelines  
• Published clinical trial results  
• Retrospective cohort analysis 
• Case Reports 
• Clinical trial eligibility criteria 
• Pre-clinical studies 



Clinical trial search 
> 40K Cancer Trials (PDQ) 

135 Cancer Diagnoses 
500+ Cancer Genes 



Cancer Drug-Targets 
(>500 drugs) 
• Targeted therapeutics  

• Tyrosine Kinase Inhibitors 
• Monoclonal Antibodies 

• Immunotherapy 
• Hormone therapy 
• Cytotoxic chemotherapy 



DIRECT 
• Rare mutation database 
• Published case reports of 

drug response 
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Variants 
High Priority 

Type of effect 

JCO, Levy 2013 

Biomarker Classification & Prioritization 

Clinical Utility Clinical Validity 



Biomarker Representation 

• Types of Biomarkers 
– Gene Variant (point mutations, insertions, deletions) 

– Exon  
– Fusions/Rearrangements  
– Gene Amplification  
– Protein Expression 

• Logical Combinations of Alterations 
– AND/OR/NOT 



Example: Lung Cancer & Erlotinib 
(single alteration) 

EGFR L858R 
mutation 

Primary Sensitivity Response: 
Metastatic Line of Therapy: 



EGFR T790M 
mutation 

AND 

Acquired Resistance Response: 
Metastatic Line of Therapy: 

EGFR L858R 
mutation 

Example: Lung Cancer & Erlotinib 
(co-occuring alterations) 



Example: Colon Cancer & Cetuximab 
(Alteration NOT detected in Variant Group)  

KRAS Exon 2, 3, 
or 4 mutation 

NRAS Exon 2, 3, 
or 4 mutation 

AND 

Primary Sensitivity 

NCCN (KRAS Exon 2, 3, 4) 
FDA (KRAS Exon 2) 

Response: 
Metastatic Line of Therapy: 

Source: 
Source: 

ASCO (KRAS Exon 2) Source: 

NOT DETECTED NOT DETECTED 
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Content Growth 

genes 
variants 

diagnosis 
variant 

drug sensitivity  
(FDA) diagnosis 

variant 
drug sensitivity  
(experimental) 



Contributor Network 



Worldwide Collaboration 

• 65 Contributors 
• 21 Institutions  
• 10 Countries 



My 
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Genome 

Content 
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Content 
Dissemination 



My 
Cancer 

Genome 

Dissemination 

Publically Available 
Resources 

Clinically Integrated 
Solutions 

Vanderbilt 
EHR 

Laboratory 
Reporting 

Tool 
Mobile 

App 

>1100 Downloads 

Website 

>5,700 site 
visits per week 



Levy, ASCO 2011 

New Method for Reporting 
Mutation Results in the EHR 



Scale Reporting 

1 Variant 
1 Gene 

40 Variants 
6 Genes 

1000s Variants 
100s Genes 

Next 
Generation 

Sequencing? 
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Variant 

Clinical 
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Variant-clinical effect knowledge bases 

Report 
Actionable 

Results & VUS 

Classify clinical 
effect of 
variant(s) 

Sequence 
Alignment 

Tumor/Normal 
Comparison 
Algorithm 

Molecular 
Annotation of 

Variants 

Reference Sequence Known Variants Knowledge Bases 

JCO, Levy 2013 

Approach 
Use MyCancerGenome as a  

Knowledge Base of clinically relevant 
variants for interpretation  

of NGS cancer panel 



Decision Support for Variant Analysis 

Actionable for 
Tumor Type 

Actionable for 
Other Tumor Type 

Not 
Actionable 



Decision Support for Variant 
Interpretation & Reporting 



Decision Support for Variant 
Interpretation & Reporting 

Variants with 
Potential 

Clinical Utility 
Drug Sensitivity 

In Disease (Level 1) 
In Other Disease (Level 2) 



Decision Support for Variant 
Interpretation & Reporting 

Potential Clinical Trials  
(Level 3) 



Detailed Summary of Alteration In Disease 

Content from  
My Cancer Genome 

Link to  
MyCancerGenome.org 
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Content 
Generation 

Content 
Dissemination 

Challenges &Future Directions 
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Overlap Between 12 NGS Sequencing Panels 
MCG Genes 

Genes in Other Panels 
Predictive 
Prognostic 
Diagnostic 
Pathway 

Strategies 
• Refined Use of Publically 

Available Resources 
• Crowd Sourcing 
• Data Driven Approaches 



Small Sub-populations 

Primary Sensitivity Primary Resistance 

Acquired Resistance 

Targeted  
Therapy 



Learning Cancer System 
Treatment Selection 

Population Analysis 

Outcomes 



www.mycancergenome.org/DIRECT 

Horn et al PASCO ‘11 

1022 NSCLC patients with 
EGFR mutations  

and response to EGFR inhibitors 
 

180 different EGFR mutations 

http://www.mycancergenome.org/DIRECT


Survival Curves 

Chemotherapy 
Immunotherapy 

Therapeutic Antibody 

Filter by  
Biomarker 

Drug 
Drug Class 

Data Sharing Collaboration with Vanderbilt & Stanford 
Dynamic Exploration of Melanoma Cohort  



Automated Analysis Mutation Frequency 
722 Melanoma Specimens 

286 BRAF Mutations 
20% Not V600E 

Link to Clinical Outcomes 



Infrastructure for Clinical Decision Support 

Knowledge 
base 

Database 
Clinical Cases 

Lab EHR 

Research 
Studies Biomedical 

Literature 

Related 
Knowledge 

Bases 

Interpretation  
of Results 

Design Cancer Panel 

Reporting Results 

Treatment selection 
CPOE 

What Test to Order 

Info Buttons 



Health Literacy & Learning Styles 

• Patients (PI: Guise, co-PI:Koonce)  
– Using health literacy and learning styles to guide oncology 

patients through the pharmacogenetic maze  
– Patient focused content with evaluation 
– Genetic perl videos 
  

• Providers (PI: Levy, co-PI:Kusnoor)  
– Learning style assessment in healthcare professionals to address 

knowledge gaps around novel treatment strategies to overcome 
resistance to endocrine therapy in ER+ breast cancer 

– Develop and evaluate provider content based on learning styles 



Summary 

• Rise of genomic profiling in cancer  
• My Cancer Genome knowledge base provides 

decision support for clinical utility of 
alterations in cancer 

• Strategies for content generation and 
dissemination 

• Strategies for clinical decision support 
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