
Jill M. Hagenkord, MD, FCAP 
Genomic Pathologist 
Chief Medical Officer 

Complete Genomics, Inc 
Mountain View, CA 

 

Here's to the crazy ones, the misfits, the rebels, the troublemakers, the round pegs 

in the square holes... the ones who see things differently -- they're not fond of 

rules... You can quote them, disagree with them, glorify or vilify them, but the only 

thing you can't do is ignore them because they change things... they push the 

human race forward, and while some may see them as the crazy ones, we see 

genius, because the ones who are crazy enough to think that they can change the 

world, are the ones who do. 

--Steve Jobs 
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Á Paradigm shift in medicine 

ÁWhat is the role of the pathologist in P4 medicine? 

ÁWhat is P4 Medicine? 

ÁWhat is Genomic Pathology? 

ÁDirect to consumer (DTC) recreational genomics 

ÁNext generation sequencing (DNA) 

ÁNot covered today 

ǐCytogenomic arrays 

ǐExpression arrays and panels 

ǐOncotypeDx versus Mammaprint (Archives, Nov 2010) 

ǐñSystems biologyò 
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Á Tyrosine kinase inhibitor 
(TKI) 

Á Effective in 

ÁCML (Bcr-Abl) 

ÁGIST (c-kit)  

ÁGlioma (PDGFR) 

ÁSoft tissue tumors (PDGFR) 

ÁMelanoma (c-kit)  

Á 184 ongoing clinical trials  for 
Gleevec 
(www.cancer.gov/clinicaltrials)  
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Á Bcr-Abl = Chronic Myelogenous Leukemia = 
response to Gleevec 

Á PML-RARa = M3 AML = response to ATRA 

Á Her2+ breast cancer = response to Herceptin 

Á Her2+ gastric cancer = response to Herceptin 

Á Jak2+ = clonal myeloproliferative disorder 

Á 1p/19q co-deletion in brain tumor Ą 

diagnosis, prognosis, treatment 

 

Á Molecular beginning to trump morphology  

Á Who cares what you call it? What drug it will 
respond to is what we really care about.  

6 



Á Post-Human Genome Project  

Á Advent of massively parallel testing methods  

Á DNA:Cytogenomic  arrays and Next Generation Sequencing  

Á RNA: Expression arrays  

Á Proteins, miRNA , methylation, etc  

Á Annotation of the human genome and genome 
browsers  

Á Computational advancements  

Á Social media, direct to consumer genetic testing, 
WebMD, Wikipedia  
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ÁClinical symptoms appear. 

ÁPatient goes to doctor. 

ÁDoctor orders the tests he/she thinks are 
appropriate. 

ÁDoctor decides on a treatment plan and 
implements the treatment plan.  

ÁOften, the management involves alleviation of 
symptoms rather than cure or prevention of 
disease. 
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ÁPersonalized 

ÁPredictive 

ÁPreventive 

ÁParticipatory 
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ÁDefinition ñgenomic medicineò = 258K google  
hits  

ÁPersonalized medicine ="the right treatment 
for the right person at the right time.ñ 

ÁGenomic medicine  

Á Disease market: sick people who want to get better  

ÁWellness market: well people who want to stay that way  

Á Genomic/Personalized Medicine  

Á Cancer genetics Ą what cancers are you susceptible to?  

Á Molecular oncology Ą what drugs will your tumor respond to?  

Á Pharmacogenetics  Ą what drugs can your body metabolize  
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Á Information Age + Genomic Medicine = informed 
patients = empowered patients  

Á WebMD  

Á Wikipedia  

Á MyBiopsy.org  

Á Direct to consumer marketing  

ÁViral marketing  

ÁRecreational Genomics  

ǐ23&Me, Navigenics , DeCodeMe  

ÁBoutique Diagnostics  
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Å The Human Genome Project, 2000 

Å13 years 

Å$3 billion  

ÅAnalogous to the computers c.1950 

 

Å2007 ñNext Generation Sequencingò 

Å13 weeks 

Å$1 million 

ÅAnalogous to computers c.1975 

 

Å2010 NGS on Steroids 

Å1-2 week 

Å $5-10K 

ÅAnalogous to computers c.1985 

 

Å2011- 2015 ñ3rd Generation Sequencingò 

Å Less than $1000 ĄLess than $100 

ÅHours Ą minutes 

ÅAnalogous to the personal 

computer 
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Hey, docéI have my genome on my 

iPad. What does it mean? 
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https://www.23andme.com/ 



ÁWho ñownsò oneôs genome 

ÁMedical community? 

ÁFederal government? 

ÁThe individual? 

ÁWhat is the role of physicians in the era of DTC 
recreational genomics? 

ÁWhat is the role of pathologists in the era of 
DTC recreational genomics? 

15 



16 

https://www.23andme.com/you/health/risk/ 

https://www.23andme.com/you/health/risk/
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Mother and daughter 

50% identical 

Siblings 

Some regions of complete identity 
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ÁWho ñownsò oneôs genome 

ÁMedical community? 

ÁFederal government? 

ÁThe individual? 

ÁShould the FDA regulate DTC genomics 
companies? 

ÁWhat is the role of physicians in the era of DTC 
recreational genomics? 

ÁWhat is the role of pathologists in the era of 
DTC recreational genomics? 
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Pathologists, get your head out of the microscope! 
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Difficult to resolve size difference beyond ~700 bp. 



38 

ÁWhole genome, whole exome, or targeted  

Á Great for diseases with molecular heterogeneity (eg, CF, 
HCM, XLMR) 

ÁWhole genome soon cheaper than targeted 

ÁGermline 

ǐPharmacogenomics 

ǐDisease susceptibility 

ÁCancer 

ǐTailored therapy 

ǐPathway monitoring 

See Wikipedia ñ DNA Sequencingò 

See ñThe $1000 Genome:The Revolution in DNA Sequencing and the New Era of Personalized Medicine, by Kevin Davies (2010). 



39 Voelkerding VV, et al, JMD, 2010 

Single molecule 

sequencing technologies 

skip this step 

Cheaper ways to do this step 

NNGS or 3GS 


