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Genomics-Driven Cancer Medicine: 
Guiding Principles 

Principle #1: Molecular pathways involved in 
tumor survival and progression are often 
activated by genetic alterations. 
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(PTEN and CDKN2A are 
frequently inactivated) 

In several major tumor types, ~40-60% 
harbor at least one genomic alteration 
affecting an “actionable” proliferation or 
survival mechanism.  



Genomics-Driven Cancer Medicine: 
Guiding Principles 

Principle #1: Molecular pathways involved in 
tumor survival and progression are often 
activated by genetic alterations. 
 
Principle #2: Anticancer agents targeting 
many oncogenic pathways have entered 
clinical trials. 
 



Spectrum of Targeted Anticancer Agents in 
Clinical Development 



Genomics-Driven Cancer Medicine: 
Guiding Principles 

Principle #1: Molecular pathways involved in 
tumor survival and progression are often 
activated by genetic alterations. 

 

Principle #2: Anticancer agents targeting 
many oncogenic pathways have entered 
clinical trials. 

 

Principle #3: Genomics technologies enable 
robust tumor genomic profiling in the clinical 
arena. 



Molecular Profiling Today:  
Single Genes with Specific Alterations 
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Massively Parallel Sequencing in Cancer 

Illumina Hi-Seq: 
 2 x 101 bp reads 
 >300 Gb per 8-day run 
 ~40 Gb per day 

(the human genome is 3 Gb) 
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Clinical 
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Drug 
resistance? 

Salvage or 
new therapy? 

The Engine of Precision Cancer Medicine 

• Does genetic/molecular stratification identify patient subgroups that 
benefit from novel agents?  

• Does the drug inhibit the relevant oncogenic pathway? 
• What are the mechanisms of resistance to existing or emerging agents? 
• What combinations hold promise to achieve more durable control? 
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• Identification of patient 

• Consent (genetics/data sharing) 

• Genetic counseling 

• Biopsies / Tissue Collection 

• Quantity / Quality 

• Sample tracking / LIMS 

• Paired normal tissue / blood 

Institutional Infrastructure 
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• Multiplexed genotyping 

• Targeted sequencing 

• Whole exome sequencing 

• RNA-seq 

• Whole genome sequencing 

• Methylome studies 

 

• Build internal capabilities or 
outsource? 
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Prospective whole-exome sequencing on patients at DFCI/BWH 
with return of clinically actionable results to clinical care team 

Target of ~200 patients in year 1 



CanSeq: Sequencing Production Overview 

Neal Lindeman (BWH Path.) 

Cancer Genome 
Evaluation Committee 

(CGEC), DFCI 
(Judy Garber) 

Final report to 
treating oncologist 
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How can you interpret the 
profiling data for use by a 

clinician and patient? 

 



Big Data in Oncology 
Data points 
per patient 
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Alteration Landscape (PHIAL) 

Eli Van Allen 



Evidence Levels for Somatic Alterations 

Tier 1 
(FDA-Approved / 
Standard Therapies) 

Tier 2 
(Clinical Trials / 
Experimental Therapies) 

Prognostic / 
Diagnostic 

A Clinically Validated Eligibility Criteria for Trial Clinically Validated 

B Limited Evidence Limited Evidence Limited Evidence 

C 
Evidence in another 
tumor type only 

Evidence in another 
tumor type only 

D Pre-clinical Evidence Pre-clinical Evidence 

E Theoretical Theoretical 

Wagle, Berger et al., Cancer Discovery, November 2011 



Evaluating Actionable Alterations 

Eli Van Allen 



Evaluating Actionable Alterations 

Eli Van Allen 
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• Heuristic Tools 
• Curation / Annotation Teams 
• Genomics Tumor Boards 
• Knowledgebase 

 
• VUS investigative team 
• Patient-derived cancer cell lines 
 
• Outcomes database 
• Genomics registry 

 
• Integrative analyses 
• Machine learning 
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Once the data has undergone 
clinical interpretation, how do 

you effectively communicate the 
information to the clinical team 

& patient in a usable way? 



Reporting Results to Clinicians 
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Does the information  

provided impact clinical 

decision-making? 

 



CanSeq: Patient with Lung Adenocarcinoma 

• 61 year old man with a history of breast 
cancer who then developed lung 
adenocarcinoma 

• Initially surgically resected but rapidly 
recurred as metastatic disease 

• Progressed rapidly through standard 
chemotherapy 

• Tested negative for EGFR, KRAS, ALK, ROS 
alterations 



Example: Patient with Lung Adenocarcinoma 

Patient 11-104.03: Lung Adenocarcinoma 

Alteration Action / Agent Category 
 

Tier Level of Evidence 

KRAS A146V MEK Inhibitors 
CDK4/6 Inhibitors 

Predictive 
Predictive 

II 
II 

Eligibility Criteria 
Pre-clinical 

STK11 G279fs Everolimus 
Temsirolimus 
mTOR Inhibitors 
Dasatinib 
FAK inhibitors 

Predictive 
Predictive 
Predictive 
Predictive 
Predictive 
 

IIb 
IIb 
II 
IIb 
II 

Other tumor type 
Other tumor type 
Pre-clinical 
Pre-clinical 
Pre-clinical 

ATM K208fs PARP inhibitors Predictive II Pre-clinical 

Enrolled on a clinical trial based  

on his activating KRAS mutation 
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Does genomic profiling 
improve care and outcomes for 

patients with cancer? 



Categories of Genomics-Driven Clinical 
Studies in Cancer 

Genotype Phenotype 
1. “G-to-P” 

2. “P-to-G” 
(e.g., exceptional cases) 

3. Decision impact (switch rate) 
 
4. Platform/algorithm comparisons 



Cancer Patient Genomic Profile 

Mutation A Mutation B Mutation C […] No mutation 

Drug A 

Test cohort: 100% with mutant A or C 
Control cohort: at-large randomization (?) 
Endpoints: Drug A survival, response rates in test versus control cohort 

Mutation-based Clinical Trials: “Drug-
Centered” or “Basket” Approach 

Drug A 



Cancer Patient Genomic Profile 

Mutation A Mutation B Mutation C […] No/other mutation 

Drug A Drug B Drug C 

Patient Group #1: “Targeted group” 
Mutation A + Drug A 
Mutation B + Drug B 
Mutation C + Drug C 

Patient Group #2: “Empiric group” 
Randomized agnostic to mutation status 
but controlled for tumor type 

Endpoints: tumor response rate, survival in targeted versus empiric groups 

“Genomics Driven” Clinical Trials: “BATTLE-like” 
Approach 

Design integrated phase I/II trials to test “genomics-driven” hypotheses 
Incorporation of correlative science (pharmacodynamics, imaging, additional omics) 
Plan deep characterization of relapsing tumors 
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