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Three questions that every cancer 

patient asked (c. 3000 BCE ðMay 2001)

uWhoõs like me?

uHow long have I got?

uWhat are my options? Prediction

Source: Wikipedia

Diagnosis

Prognosis



Source: Wikipedia



Biomarkers

Arnaud D. Roth et al. JCO 2010;28:466-474

Prognosis

Year of Initial FDA Approval

Genetically -influenced cancer treatments



Three questions that every genomically -

informed cancer patient asks (c. 2001 -)

uWhoõs like me?

uHow long have I got?

uWhat are my options?



Precision oncology: a definition

uRight patient

uRight treatment

uRight time

uIn 2018, the potential to achieve these goals 
appears to be primarily through cancer 
molecular profiling, targeted agents, (and 
immunotherapy)



Measurement

Observation

Interpretation

Action

Test Ordering

Decision Making

Repeat to determine disease response, 

presence of minimal residual disease, 

new mutations at time of progression

Precision oncology decision making

Warner et al. doi : 10.1186/s13073-016-0371-3

Clinician task

Laboratory task



2001-2010: Ad hoc genomic testing

KRAS

2006: KRAS mutation status is predictive of response to 

cetuximab therapy in colorectal cancer2

1. Pao et al. doi:10.1073/pnas.0405220101
2. Lièvre et al. doi : 10.1158/0008 -5472.CAN -06-0191
3. Bollag et al. doi : 10.1038/nature09454

EGFR

2004: EGF receptor gene mutations are common in lung 

cancers from ñnever smokersò and are associated with 

sensitivity of tumors to gefitinib and erlotinib1

BRAF
2010: Clinical efficacy of a RAF inhibitor needs broad 

target blockade in BRAF-mutant melanoma3



2011: SNaPshot Panels: 
òDriveró Genes Providing òActionableó Results

Lung cancer: 

EGFR, KRAS, PIK3CA, BRAF, NRAS, MEK, AKT1, PTEN

Melanoma: 

NRAS, BRAF, KIT, CTNNB1, GNAQ, GNA11

Colon cancer: 

KRAS, BRAF, AKT1, PIK3CA, SMAD4, PTEN, NRAS

Breast cancer: 

PIK3CA, PTEN, AKT1

Glioma : 

IDH1, IDH2, BRAF

Acute Myeloid Leukemia: 

IDH1, IDH2, FLT3-TKD, DNMT3A, KIT 

Su et al. doi : 10.1016/j.jmoldx.2010.11.010.



2014: Complexity increases



Molecular basket trials

Cunanan et al. doi: 10.1200/JCO.2016.69.9751



Enrollment by Drug as of 2/1/18 

Drug Name 
Total participants 

enrolled on drug 

Axitinib (INLYTA) 4 

Bosutinib (BOSULIF) 1 

Cetuximab (ERBITUX) 54 

Cobimetinib (COTELLIC) + Vemurafenib (ZELBORAF) 34 

Crizotinib (XALKORI) 15 

Dasatinib (SPRYCEL) 8 

Erlotinib (TARCEVA) 1 

Nivolumab (OPDIVO) + Ipilimumab (YERVOY) 13 

Olaparib (LYNPARZA) 87 

Palbociclib (IBRANCE) 134 

Pembrolizumab (KEYTRUDA) 68 

Pertuzumab (PERJETA) + Trastuzumab (HERCEPTIN) 47 

Regorafenib (STIVARGA) 15 

Sunitinib (SUTENT) 87 

Temsirolimus (TORISEL) 55 

Vismodegib (ERIVEDGE) 5 

Total 628 

 

113 Sites, 20 states

Slide courtesy of Richard Schilsky MD, FACP, FSCT, FASCO 

AstraZeneca (1)

Bayer (1)

Bristol-Meyers Squibb (3)

Eli Lilly (1)

Genentech (6)

Merck (1)

Pfizer (6)

7 Pharma partners



Precision Oncology and the FDA:
Scope of approvals is changing

Year of Approval * Traditional Targeted**
Gene mutation -

specific
FDA gene mutation -specific 

requirement

2010 2 2

2011 1 4 3 2 (25%)

2012 2 8 2

2013 1 4 3 4 (50%)

2014 8 1 5 (56%)

2015 3 10 3 4 (25%)

2016 4 3 (75%)

2017 1 15 3 3 (100%)

*New hematology/oncology approvals only, not including biosimilars

**Including immunotherapy and CAR -T cell therapy



Game changer #1: May 2017

Pembrolizumab : now FDA approved for any solid 

tumor with MSI-H or dMMR status

https:// www.fda.gov /Drugs/ InformationOnDrugs / ApprovedDrugs /ucm560040.htm



Game changer #2: Nov 2017 

https:// www.fda.gov / NewsEvents /Newsroom/ PressAnnouncements /ucm587273.htm



Cancer Molecular Profile Report Examples

Credit: Dr. Subha Madhavan and the Georgetown 

Lombardi Cancer Center 



51%

13%

7%

22%

7%

When you order a somatic cancer gene panel (a.k.a. cancer 

molecular profile), does your lab send (this could be an in -house 

or external lab) and can your EHR store discrete data results?

Lab cannot send discrete results and EHR cannot

store, all results come as PDFs

Lab can send discrete results, but EHR cannot store

Lab cannot send discrete results, but EHR can store

Lab can send discrete results, and EHR can store

We rarely or never order cancer gene panels

Moving the data

Poll of ASCO membership, 2016



Cancer molecular profile reporting

Better! (but still custom)

Rioth et al. doi : 10.1200/JOP.2015.008276







SMART on FHIR

Clinico -Genomics Apps

Sequencing

Lab

EHR/

Clinical

Systems

FHIR®
Data

FHIR®
Data

Order

Genetic Tests
1

2 Return

Genetic Test Results

3 Present & Contextualize

Genetic Test Results

SMART Precision Cancer Medicine App

Diagnostic Reporter AppDiagnostic Order App

Standards -enabled workflow

Warner et al. doi : 10.1186/s13073-016-0371-3



https:// prescancerpanel.cancer.gov /report/ connectedhealth /


