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Obtaining Blood Samples

Alix-Panabières and Pantel, Nature Biomedical Engineering 2017 



Clinical Utility of Liquid Biopsy

Transl Lung Cancer Res 2016;5(5):466-482
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Will liquid biopsies replace tissue 
biopies?



Liquid Biopsy

• Circulating tumor cells (CTCs)

• Circulating cell-free DNAs (cfDNAs)

• Circulating microRNAs (miRNAs)

• Exosomes

• Circulating proteins

• Samples: blood(serum/plasma), urine,

CSF, saliva, BALF, effusion





Clinical Relevance of CTCs





Techniques used for CTCs



Comparison of Techniques used 
for CTCs



CTCs as Prognostic marker in Lung Cancer

Front ONcol 2015 Sep 30;5:209

18%~85%



Summary of CTCs Study





BMJ Open 2017;7:e018884





BMJ Open 2017;7:e018884



BMJ Open 2017;7:e018884



Circulating Tumor DNA (ctDNA)

Journal of Clinical Oncology 2014:32



Landmarks in the detection of 
ctDNA in patients

Genomics Proteomics Bioinformatics 15(2017) 59-72



Clinical Relevance of ctDNA



Increasing breadth of analysis

PCR-based 
Methods

Digital Droplet PCR 
(Biorad)

Therascreen
(Qiagen)

Next generation s
equencing

Ion Proton
(Thermo Fisher)

Next-Seq
(Illumina)

Cobas v2.0 
(Cobas)



Cell-free DNA or
Circulating free DNA

NGS or
high-throughout sequencing

Personalized or
precision medicine











Technologies for Detection of ctDNA





Mutant allele fraction:
Tumor-derived DNA

[Normal+tumor derived DNA]

Challenge: Low fraction of tumor-derived DNA

Metastatic

>5%, average 8-10%

e.g. Stage IV metastatic patients ~26% have >10% MAF

Early stage

<1%

Limitation of Screening Test

Zehir, Berger et al 2017 Nat Med





Tumor / plasma discordance

• 24 cfDNA samples sent for plasma NGS,        

compared to tumor:

Stetson et al, AACR, 2017



Tumor / plasma discordance

• 24 cfDNA samples sent for plasma NGS,             

compared to tumor: lots of discordance!

• Let’s think some causes…

1. Variable shed of tumor DNA into cfDNA

2. Genomic heterogeneity

3. Complexities of cfDNA content

4. Problems with assay performance

Stetson et al, AACR, 2017



Plasma EGFR T790M
• Osimertinib (AZD9291) :

T790M status associated with outcome, requires 

a biopsy

Oxnard et al, JCO, 2016

T790M+

in tumor:

62% RR

T790M-

in tumor

26% RR



Plasma EGFR T790M
• Plasma from AURA trial sent for BEAMing

– Paired tumor and plasma available for 216 patients

• Sensitivity compared to tumor genotype was 70%-86%

• High specificity (>95%) for driver EGFR mutations but 
only 69% specificity for T790M

Oxnard et al, JCO, 2016



Plasma EGFR T790M
• Plasma from AURA trial sent for BEAMing

– Paired tumor and plasma available for 216 patients

• Plasma T790M testing not as predictive as tumor T790

M testing

Oxnard et al, JCO, 2016
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Plasma EGFR T790M
• Plasma from AURA trial sent for BEAMing

– Paired tumor and plasma available for 216 patients

Oxnard et al, JCO, 2016

16.5m 

PFS
4.3m 

PFS

T790M+ in tumor:

62% RR, 10m PFS

T790M+ in plasma:

63% RR, 10m PFS
40 patients T790M- tumor and plasma 

18 T790M+ 

in plasma,

not tumor
111 T790M

+ in tumor 

and plasma

47 T790M+ 

in tumor,

not plasma



Plasma EGFR T790M
• Plasma from AURA trial sent for BEAMing

– Paired tumor and plasma available for 216 patients

• Tumor T790M-/plasma T790M+ has lower relative levels 

of T790M

Oxnard et al, JCO, 2016



Plasma EGFR T790M
• Plasma T790M- is a mix of true negative and false negative

• Proposed algorithm

where plasma genotyping is a screening test prior to biopsy:

– If you have tumor, test the tumor

– If you don’t have tumor, plasma is a convenient first pass test

– If plasma doesn’t reveal an actionable finding, tumor genotypin

g is needed

– Tumor result trumps plasma result

Oxnard et al, JCO, 2016



• Droplet digital PCR is a highly sensitive, quantitati
ve assay for detection of hotspot mutations (e.g. EG
FR, KRAS, BRAF, etc)

Plasma ddPCR



Plasma ddPCR

• Completed a prospective validation across 18
0 patients with NSCLC and known tumor gen
otype
– Tested for key mutations in 

EGFR and KRAS

– Median TAT ~3 days

– Sensitivity of 64-82% for 
detection of known tumor
genotype

– Rate of detection increases
with increased tumor burden
(increased DNA shed)

Sacher et al, JAMA Onc, 2016



Are there disease characteristics that may 
improve performance of plasma-based testing?

Tumor size Tumor featuresMetastatic burden

Abbosh et al. Nature 2017; Sacher et al. JAMA Oncology 2016; Chen et al. Scientific Report 2016

GGO 10x lower DNA concentration

97%

19%



Correlation of EGFR mutation status between ma
tched tissue and ctDNA

Study Method Matched Samples Results

Assess Study
(Reck et al 
JTO 2016)

Variable 1162 Concordance = 89%
Sensitivity = 46%
Specificity = 97%
PPV = 78%
NPV = 90%

IFUM
(Douillard et al
JTO 2014)

Therascreen 652 Concordance = 94.3%
Sensitivity = 65.7% 
Specificity = 99.8% 
PPV = 99% 
NPV = 94%

FASTACT-2
(Mok et al
Clin Cancer Res 2015)

Cobas 238 Concordance = 88% 
Sensitivity = 75%
Specificity = 96%
PPV = 94%
NPV = 85%
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Detection of DNA Methylation









Limitation as Screening Test



Limitation as Screening Test



Limitation as Screening Test



Circulating tumor RNA (miRNA)

Nat. Rev. Cancer 11 (2013) 426

Biomed. Res. Int. 2014;591703:17



miRNAs in Lung Cancer

Inamura, J Clin Med 2016



Comparison of Different Cancer Detection Methods



High PPV for NGS panels 

• Method comparison
• Real-world database
• 7,000 consecutive NSCLC
• Actionable driver mutations

Zill et al. ASCO 2016





Ideal profiling for n=1

Tan WL et al. TLO 2016



Liquid Biopsy Test to Potential 
Cancer Screening Test



Ongoing Studies of Circulating Biomarkers





Conclusion

• None of the previously described Circulating 
Biomarkers to detect lung cancer at an early 
stage is being used routinely now.

• Before developing such a test for early 
detection of lung cancer, it is essential to 
perform multicenter studies on a large cohort 
of  patients and on a control population(high 
risk pt) in order to validate the test.




