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Regardless of therapy, median survival remains <15 months 

after the initial diagnosis (Stupp et al., Lancet Oncol, 2009;10:459-66)
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GBM – Imaging Invasion

Fast Bound-Pool Fraction Imaging (FBFI) vs. Histology

Underhill et al., NeuroImage, 2011;54:2052-65



Cell-Free DNA

1. Schwarzenbach et al., Nature Rev Clinical Oncol, 2014;11:145-56

2. http://www.ultrasoundcare.com.au/services/nipt.html

Maternal 
cfDNA

Red blood cell

Fetal 
cfDNA

100-200 bp >1,500 bp

Cell Death

Apoptotic Cell Necrotic Cell

Cell-free DNA trivia:
1. Half-life is ~10-15 minutes
2. Primary source (~80%) is 

circulating cells
3. 2-20 ng/mL plasma in healthy 

adults



Circulating Tumor DNA – Accident #1

Human Stem Cell-Like Lines: GBM4 and GBM8

No Serum Yes Serum

Wakimoto et al., Cancer Research, 2009;69:3472-81



Circulating Tumor DNA

Xenograft Model: Rat Brain – Human GBM81
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Xenograft Model: Rat Brain – Human GBM83
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Circulating Tumor DNA

Xenograft Model: Rat Brain – Human GBM83
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Circulating Tumor DNA

Xenograft Model: Rat Brain – Human GBM
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Circulating Tumor DNA

Xenograft Model: Rat Flank – Human HCC
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Circulating Tumor DNA

Bettegowda et al., Sci Transl Med 2014;6:224ra24Lo et al., Sci Transl Med 2010;61ra91



Circulating Tumor DNA – Accident #2

Human Melanoma
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Circulating Tumor DNA

Human Lung Cancer – Cell-Free DNA



Circulating Tumor DNA

Human Lung Cancer – Sequencing Data



Circulating Tumor DNA

Human Lung Cancer – ddPCR



Circulating Tumor DNA

Human Lung Cancer – Fraction Selection



Circulating Tumor DNA

PLOS Genetics, 2016; 18:e1006162

Key points:

1. Cell-free DNA derived from tumor cells has a shorter fragment 

length distribution in plasma compared to healthy cell-free DNA

2. Sub-fraction selection of smaller cell-free DNA fragments appears 

to enrich for circulating tumor DNA



Size Selection

PAGE - gBlocks

V600E gBlocks (165 bp)T790M gBlocks (130 bp)
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Size Selection

Nimbus Ranger – Lung Cancer T790M (N=5)
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Size Selection

Nimbus Ranger – Lung Cancer Exon19Del (N=3)
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Size Selection

Summary

• PAGE affords selection of multiple adjacent fractions with high 

resolution, but is SLOW!

• Nimbus Ranger provides rapid (<6 hours) collection of 2 non-adjacent 

fractions with good recovery in up to 96 samples

• Selection of shorter cell-free DNA fragments may enrich for circulating 

tumor DNA in some samples, while not negatively impacting MAF in 

other samples



GBM
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GBM-associated cell-free DNA is 
present in plasma from a xenograft 
brain model of GBM

GBM-associated cell-free DNA has 
not been previously detected in 
humans

Reminders



GBM

Cell-Free DNA Characteristics
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GBM – Accident #3

Tumor/Normal Whole Exome Sequencing (WES)

Variants (novel/existing): 1470 (70.5%/29.5%)

Tumor1/Normal1 Tumor2/Normal2

Variants (novel/existing): 1108 (61.1%/38.9%)

• PTEN p.Met198del custom-designed Taqman assay for ddPCR



GBM – Accident #3
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GBM – Accident #3

PTEN p.Met198del ddPCR
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GBM

Intratumor Genetic Heterogeneity

Sottoriva et al., Proc Natl Acad Sci, 2013;110:4009-14



GBM

Custom Panel (128 genes; 128 kb)
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GBM

Sequencing Metrics (N=6)

84±11 175±8
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GBM

Potential GBM Variants in Cell-Free DNA



GBM

Summary

• Inter-tumor genetic heterogeneity requires a personalized approach for 

detecting circulating tumor DNA

• Intra-tumor genetic heterogeneity coupled with the non-metastatic 

nature of GBM requires an approach with high-sensitivity for detection 

of variants in cell-free DNA with a frequency <1%
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Slide courtesy of Sabine Hellwig, PhD
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Conclusions

• Fragment size is important in cell-free DNA

• Overcoming challenges associated with detection of cell-free DNA 

derived from GBM has profound implications for the “liquid biopsy”
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