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About Liquid Biopsy 

• Faster and less invasive than tissue biopsy 
• Blood-based test—tumor DNA is a cancer 

biomarker 
• By July 2016, more than 17,000 liquid biopsies 

from 15,191 patients with more than 50 
different types of advanced cancer have 
revealed genetic mutations similar to those 
found with traditional tissue biopsy.  



Standard vs. Liquid Biopsy 

Standard 
• Time-intensive procedure 
• Localized sampling of tissue 
• Not easily obtained 
• Some pain / risk 

Liquid 
• Quick 
• Comprehensive tis. profile 
• Easily obtained 
• Minimal pain / risk 



Available DNA Sequencing Technology  

• Circulating tumor DNA (ctDNA) 
• Circulating free DNA (cfDNA) 
• Circulating tumor cells (CTCs) 
• Circulating small-RNA 
• Extracellular micro-vesicles (including 

exosomes) containing small-RNA 
• Ever advancing 
     



Urine-Based Liquid Biopsy 

• Trovagene (San Diego, CA) discovered 
circulating tumor DNA fragments pass into the 
urine as well as the blood 

• Tissue biopsies are limited by number of 
cancer cells, tumor location, information 
delay, and a variety of patient concerns 
including cost 

• Trovera urine-based tests provide a truly 
noninvasive alternative to monitoring cancer 
 



Liquid Biopsy for Advanced Lung 
Cancer 

• Study published in Clinical Cancer Research by 
researchers from Abramson Cancer Center at 
Univ. of Pennsylvania, Sep. 2016 

• Builds a case for liquid biopsy to meet need for 
better noninvasive tests 

• About half of 102 pts. in study did not have 
sequenceable biopsy tissue—researchers relied 
on blood tests to detect mutations 

• “This represents a paradigm shift”—Erica 
Carpenter, PhD, Perelman Sch. Of Med. (Penn) 



Penn Liquid Biopsy Study 

• In these Non-Small-Cell Lung Cancer (NSCLC) pts. 
researchers detected mutations from LB blood samples 
that analyzed cell-free tumor DNA (ctDNA) 

• These mutations closely paralleled those from tissue 
biopsies (gold standard) identified using next 
generation sequencing (NGS) tests 

• Mutations included a driver of lung disease epidermal 
growth factor receptor (EGFR), tumor protein 53 
(TP53), and anaplastic lymphoma kinase (ALK). 

• LB further captured clinically relevant mutations not 
found in tissue biopsies as NSCLC progressed   



Penn Study Patient Facts 

• 102 consecutive pts. with advanced NSCLC 
enrolled between Feb. 2015 and Mar. 2016 

• 68% pts. women with adenocarcinoma (81%) and 
Stage IV disease (96%) 

• All with different courses of treatment 
• At least one gene alteration in ctDNA for 86 of 

102 pts. was detected, with EGFR variants most 
common 

• Experimental therapies, including clinical trials, 
are available for these gene mutations  
 



Penn Study Summary 

• Agreement between LB ctDNA and tissue NGS 
tests was nearly 100% when samples obtained 
concurrently. 

• Discordance increased when blood samples were 
collected at longer intervals after tissue sample 

• However, tissue samples will likely remain a 
major part of initial diagnostic process 

• Next step: evaluate LB’s utility at diagnosis as a 
complement to tissue testing and in context of 
genetically heterogeneous (different mutations) 
metastatic disease    



Predicting Colon Cancer Recurrence 

• Transational Medicine, 6 July 2016, Hall Inst. 
Med. Res., Parkville, Australia 

• Liquid biopsy detects circulating tumor DNA 
(ctDNA) after patients with stage II colon cancer 
undergo surgical resection 

• In a study of 230 pts., those that are ctDNA 
positive postop were at extremely high risk for 
radiologic recurrence: hazard ratio = 18 

• Dr. Peter Gibbs—”Strongest data for defining 
which Stage II pts. need only surgery“  



Hazard (HR) Ratio Stats 

Hazard Ratios 
• Represent instantaneous 

risk over study time period 
• Odds of winning a race 
• Less selection bias with 

respect to endpoints chosen 
• Can indicate risks that 

happen before endpoint 
• HR and conf. ints. obtained 

from regression models  
 

Relative Risk 
• Cumulative over entire 

study, using defined endpt. 
• Margin of victory in race  



Liquid Biopsy and Colorectal Cancer 

• Prospective studies required to demonstrate 
that selecting pts. with detectable ctDNA for 
chemotherapy improves outcomes—so far 
only anecdotal evidence 

• Prospective studies also needed to show 
detecting recurrence with ctDNA affects 
survival 

• To date no ctDNA tests for cancer have been 
approved 



Predicting Ovarian Cancer Relapse 

• 21 July 2016 
• Ovarian cancers have one of the highest 

mortality rates. 
• Of 22,000 new estimated cases in 2016, only 

10-15% will be successfully treated. 
• In large remaining percentage, cancer doesn’t 

respond to treatment or will return with a 
vengeance. 



Ovarian Cancer Relapse 

• Mayo Clinic liquid biopsy could predict 
whether cancer likely to return YEARS before it 
compromises survival of patients. 

• Research team asked whether ctDNA can 
predict recurrence of a disease. 

• Sampled blood from 10 patients before and 
after surgery for ovarian cancer. 

• Collected DNA from actual tumor removed.   



Using mate-pair sequencing, Mayo 
Clinic researchers showed: 

• Patients whose post-surgery blood have DNA 
matching that of the tumor were more likely 
to have cancer relapse. 

• Patients whose post-surgery blood DNA didn’t 
align with tumor DNA were more likely to be 
in remission.  



Personalized Breast Cancer Care 

• In 2014, breast cancer most common cancer in 
women—23% of all cancer diagnoses (Bethesda 
Handbook of Clinical Oncology) 

• At time of diagnosis, >90% patients have localized 
disease—treated with surgery, radiation and 
therapeutic agents 

• Localized disease associated with 5-year survival 
rate relative to advanced cancers—early 
detection and treatment important in patient 
outcomes   



Breast Cancer and Liquid Biopsy 

• Current challenge in caring for localized breast 
cancer is determining which patients are at risk 
for progression and metastatic spread 

• Risk of spreading is greatest within first two years 
of diagnosis 

• However, half of recurrences >5 yr postsurgery 
• During this remission period, liquid biopsy for 

circulating nucleic acids provides means of 
detecting progression before clinically apparent 



Recent Breast Cancer Studies 

Franken et al., 2012 
• Circulating tumor cells (CTCs), 

disease recurrence and survival in 
newly diagnosed breast cancer. 

• 30 ml blood, 602 surgical patients 
•  404 of these pts. had stage I-III—

included in analysis 
• 11.6% of 328 pts. had no CTCs—

experienced recur. 
• 21.1% of 74 pts. with 1+ CTCs—

experienced recur. 
• 14.5% died with 1+ CTC 
• 4.3% died with 0 CTC (p=.001)   

 

Garcia-Murillas et al., 2015 
• Mutation tracking in circulating 

tumor DNA predicts relapse in 
early breast cancer. 

• ctDNA analyzed in 55 primary 
breast cancer pts. on 
chemotherapy 

• Multiple samples pre and post 
surgery 

• ctDNA in min. 1 sample in 80% of 
pts. post surgery  

• Predicted relapse using ctDNA 
occurred at a median of 7.9 mo. 
before clinical detection using 
radiographic imaging  



Promise of liquid biopsy for breast 
cancer 

• Early metastasis detection allows for changes 
in treatment strategy 

• Monitoring emerging mutations informs 
therapeutic targeting strategies 

• Risk prediction for relapse may prevent 
unnecessary treatment in low-risk pts.—
increasing tactic with new technologies  



Diagnosing Prostate Cancer Subtypes 

• Opinion by Howard Scher, MD, Chief of 
Genitourinary Oncology, Memorial Sloan 
Kettering Cancer Center 

• Current challenges involve predicting response to 
treatment 

• Important to focus on patients with metastatic 
castration-resistant prostate cancer (mCRPC) 

• Must study cancer at time when making decision 
on choosing one drug over another 

• Most common metastatic spread is to bone in 
prostate cancer 



Liquid Biopsy in Prostate Cancer 

• Using CTCs and standard slide technology to 
study protein made by AR-V7 splice variant 
which drives cancer 

• Experimental drugs directed against AR 
• Using CTC DNA in prostate cancer, it’s harder 

to ID types of mutations that are predictive 
• CTC DNA tech. improving very rapidly—Scher 

looks toward Cancer Moonshot  



U.S. FDA Approves Liquid Biopsy: 
Plasma ctDNA Testing 22 Sep. 2016 

• Approved for NSCLC (lung cancer) pts. with EGFR 
mutations eligible for treatment with 
AstraZeneca’s (Cambridge, England) new TF90M 
tyrosine kinase inhibitor (TKI) 

• Such tests have been available in Europe 
• AZ’s IMED unit in collaboration with Cancer 

Research UK since 2006 testing reliability of using 
such small amounts of DNA—used Penn NSCLC 
trials to compare effectiveness of ctDNA testing 
with tumor tissue samples   



Details of ctDNA Testing 

• Plasma, not serum, best source of ctDNA 
• Fragments with as few as 150 base pairs (200,000 

building blocks make up EGFR gene) yield reliable 
information about mutations 

• ctDNA tests were both sensitive and specific—
didn’t detect mutations that didn’t exist 

• In 2014, AZ showed high concordance between 
EGFR mutations in ctDNA and tumor tissue 

• In 2015, AZ showed >90% concordance between 
cobas ® plasma EGFR test (now FDA approved) 
and state-of-the-art NGS reference 
 



Future potential of ctDNA testing 

• Unlikely to completely replace tissue biopsy 
• Some tumors do not shed DNA into blood 
• Recommended that pts. testing negative for 

plasma ctDNA should have tissue biopsy to 
ensure targeted therapy opportunities not 
missed 
 



Cancer Moonshot 

• 26 Oct. 2016:  
• Pilot project of VP Joe Biden 
• Creation of open database by 20 academic 

institutions , diagnostic and drug developers, 
and government agencies. 

• Aimed at advancing development of blood 
profiling technolgies. 

• Compiling Blood Profiling Atlas  



House Passes Cancer Research Bill 

• 30 Nov. 2016— 
• 21st Century Cures Act passes U.S. House of 

Representatives 392-26, including $1.8 billion 
for Biden Cancer Moonshot initiative 

• Strong majorities from House Democrats and 
Republicans—expected to pass Senate shortly 

• Bidens’ 46-yr. old son Beau died of cancer in 
2015   
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