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Outline

q General concepts  of liquid biopsy

q Detection of germline/somatic variants on cfDNA

-How to discriminate both

-Their clinical value

q Detection of BRCA1/2 germline/somatic variants on cfDNA

q Take-home message
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General concepts of liquid biopsy

More than blood……..
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What are we looking for?

Siravenga et al., Nature Rev 2017

General concepts of liquid biopsy
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MA IN C H A R A C T ER IST IC S O F C FDNA??? 

§ Is normally released into the circulation during cell death (necrosis and apoptosis)

§ cfDNA in the circulation is typically fragmented to 160 to 180 bp in length

§ The fraction of ctDNA represents normally less than 1% of the total cfDNA

§ ctDNA may come from primary tumors, metastatic lesions or CTCs

General concepts  of liquid biopsy
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MAIN CHARACTERISTICS OF CTDNA??? 

General concepts of liquid biopsy

CTDNA ANALYSIS STRATEGIES/ CLINICAL APPLICATION

Point mutations, 
CNV, gene 

fusions, short 
Indels, etc
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•The limit of detection (LoD): The limit of detection (LoD) is the minimum concentration of the mutant (rare) sequence
that can be reliably differentiated from a negative control (100% wild type). 

•LoD is typically quoted as a ratio or a percentage: for example, 1 mutant copies in 1000 wt = 0.1%. 

•Consider a sample at a mutant or rare sequence concentration of 1 mutant or sequence in 1000 wild type. To 
guarantee with 95% confidence that at least 1 mutant molecule will be screened in this sample, statistics dictates that
at least 3,000 wild-type molecules must be screened. 

4 ml of plasma ~30 ng of cfDNA

= 9000 gene copies

0.1% ctDNA

= 9 molecules

The limit of detection matters

General concepts of liquid biopsy
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FDA approved technologies for ctDNA analyses

General concepts of liquid biopsy

Mesquita et al., Cancers, 2020



10#JornadaCMH21

Identification of Incidental Germline Mutations in Patients With Advanced Solid Tumors Who
Underwent Cell-Free Circulating Tumor DNA Sequencing

Slavin et al. JCO, 2018

Detection of germline/somatic mutations on cfDNA

10,888 patients with
> 50 types of advanced cancer

Guardant360
(70 genes)

average reads depth
15000X 

The main outcome was
prevalence of putative germline
mutations identified among 16 
actionable hereditary cancer

predisposition genes
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Identification of Incidental Germline Mutations in Patients With Advanced Solid Tumors Who
Underwent Cell-Free Circulating Tumor DNA Sequencing

Slavin et al. JCO, 2018

Detection of germline/somatic mutations on cfDNA

Guardant360
(single nucleotide variants, 
small indels, copy number

amplifications, 
and fusion events ) 

average reads depth
15000X 

16 clinically actionable
hereditary cancer genes, 

(APC, ATM, BRCA1, BRCA2, 
CDKN2A, KIT, MLH1, NF1, 
PTEN, RB1, RET, SMAD4, 
STK11, TP53, TSC1, and 

VHL) 

• All variants with VAFs from 40% to 
60% were included in the screen for
pathogenic germline alterations.

• Variants with VAFs <40% are more 
likely to represent somatic alterations
related to ctDNA or clonal
hematopoiesis

• Variants with VAFs >60% were
included if a concomitant copy
number change was identified. 
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Identification of Incidental Germline Mutations in Patients With Advanced Solid Tumors Who
Underwent Cell-Free Circulating Tumor DNA Sequencing

Slavin et al. JCO, 2018

Detection of germline/somatic mutations on cfDNA

• All variants with VAFs from 40% to 
60% were included in the screen for
pathogenic germline alterations.

• Variants with VAFs <40% are more 
likely to represent somatic alterations
related to ctDNA or clonal
hematopoiesis

• Variants with VAFs >60% were
included if a concomitant copy
number change was identified, 

Using Ingenuity Variant Analysis, 
variants observed with an allele

frequency of 2.0% or greater were
excluded. 

Remaining SNVs and indels were classified
by Ingenuity Variant Analysis as pathogenic, 

likely pathogenic, unknown significance, 
likely benign, or benign according to 

American College of Medical GeneUcs and 
Genomics guidelines. 
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Identification of Incidental Germline Mutations in Patients With Advanced Solid Tumors Who
Underwent Cell-Free Circulating Tumor DNA Sequencing

Slavin et al 
JCO, 2018

Detection of germline/somatic mutations on cfDNA
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Slavin et al JCO, 2018

Identification of Incidental Germline Mutations in Patients With Advanced Solid Tumors Who
Underwent Cell-Free Circulating Tumor DNA Sequencing

Detection of germline/somatic mutations on cfDNA

Germline variants MAFs ranged from 40% to 95.6% 

Rates of putative germline mutations were elevated in individuals younger than 50 years
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Slavin et al JCO, 2018

Identification of Incidental Germline Mutations in Patients With Advanced Solid Tumors Who
Underwent Cell-Free Circulating Tumor DNA Sequencing

Detection of germline mutations/somatic on cfDNA

Patient with an ovarian cancer
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Routine Plasma-Based Genotyping to Comprehensively Detect Germline, Somatic, and 
Reversion BRCA Mutations among Patients with Advanced Solid Tumors

Vidula et al., Clin Cancer Res. 2020

Detection of germline/somatic mutations on cfDNA

828 patients with
advanced breast, ovarian, prostate

and pancreatic cancer

Guardant360
(73 genes)

intron/exon of BRCA1/2
fully sequenced

• The bioinformatics algorithm
considers the VAF of the mutation of
interest relative to that of other
somatic mutations in the sample and
nearby germline single- nucleotide
polymorphisms (SNP)

• Germline variants VAFs were close to
50%

• The median VAF of somatic
mutations was 0.46%
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Routine Plasma-Based Genotyping to Comprehensively Detect Germline, Somatic, and 
Reversion BRCA Mutations among Patients with Advanced Solid Tumors

Detection of BRCA germline/somatic mutations on cfDNA

828 patients with
advanced breast, ovarian, prostate

nd pancreatic cancer
Vidula et al., Clin Cancer Res. 2020



18#JornadaCMH21

Vidula et al., Clin Cancer Res. 2020

Routine Plasma-Based Genotyping to Comprehensively Detect Germline, Somatic, and 
Reversion BRCA Mutations among Patients with Advanced Solid Tumors

1%
2,5%

1,5%
1,5%

Detection of BRCA germline/somatic mutations on cfDNA
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Vidula et al., Clin Cancer Res. 2020

Routine Plasma-Based Genotyping to Comprehensively Detect Germline, Somatic, and 
Reversion BRCA Mutations among Patients with Advanced Solid Tumors

high prevalence (9 of 42, 21.4%) of 
reversions among patients with a 

germline BRCA1/2 mutation. 

Detection of BRCA germline/somatic mutations on cfDNA
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Vidula et al., Clin Cancer Res. 2020

Routine Plasma-Based Genotyping to Comprehensively Detect Germline, Somatic, and 
Reversion BRCA Mutations among Patients with Advanced Solid Tumors

Detection of BRCA germline/somatic mutations on cfDNA
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Vidula et al., Clin Cancer Res. 2020

Routine Plasma-Based Genotyping to Comprehensively Detect Germline, Somatic, and 
Reversion BRCA Mutations among Patients with Advanced Solid Tumors

Detection of BRCA germline/somatic mutations on cfDNA
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19 ovarian and 5 breast cancers
(III/IV) with germline BRCA1/2 

mutations and resistant or refractory
to platinum-based chemotherapy, 

(availability of tissue)

Targeted
massively

parallel
sequencing

1) somatic small insertions and deletions
(indels) that would restore the reading
frame of BRCA1/2 in patients with germline
indels

2) somatic single nucleotide variants
(SNVs) that restore the BRCA1/2 reference
allele in patients with germline point
mutationsSA
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Diverse BRCA1 and BRCA2 Reversion Mutations in Circulating Cell-Free DNA of Therapy-
Resistant Breast or Ovarian Cancer

Weigelt et al. Clin Cancer Res. 2018 

Detection of BRCA germline/somatic mutations on cfDNA
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Diverse BRCA1 and BRCA2 Reversion Mutations in Circulating Cell-Free DNA of Therapy-
Resistant Breast or Ovarian Cancer

Weigelt et al. Clin Cancer Res. 2018 

2/5 BC patients
showed polyclonal

reversion variants in 
cfDNA

All variants were
found at low VAFs

Detection of BRCA germline/somatic mutations on cfDNA
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Diverse BRCA1 and BRCA2 Reversion Mutations in Circulating Cell-Free DNA of Therapy-
Resistant Breast or Ovarian Cancer

Weigelt et al. Clin Cancer Res. 2018 

Detection of BRCA germline/somatic mutations on cfDNA
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cfDNA from blood collected
before and after rucaparib
treatment in 112 patients

with BRCA-mutant ovarian
carcinomas. ARIEL2 

(NCT01891344). 

BRCA Reversion Mutations in Circulating Tumor DNA Predict Primary and Acquired Resistance to 
the PARP Inhibitor Rucaparib in High-Grade Ovarian Carcinoma 

NGS using the
Guardant360  and 

FoundationACT

(i) a base substitution that changed
a nonsense mutation to a 
missense mutation

(ii) an insertion/deletion that
restored the ORF. Large
intragenic deletions that can 
restore the ORF were visually
con rmed using the Integrated
Genomics Viewer. 

Lin et al., Cancer Discov, 2019

Detection of BRCA germline/somatic mutations on cfDNA
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Lin et al., Cancer
Discov, 2019

Patients without BRCA reversion mutations detected in pretreatment cfDNA have
significantly longer rucaparib PFS 

Detection of BRCA germline/somatic mutations on cfDNA

All BRCA-mutant cases Platinum-resistant BRCA-mutant cases 
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• Hereditary cancer predisposition germline mutations can be identified accurately
analyzing cfDNA. We can suspect the presence of a germline variant because their VAFs
will be normally between 40-60%.

• Suspicious germline actionable variants detected after cfDNA studies should be 
validated based on database information, bibliography and, validation in lymphocytes
fraction.

• cfDNA germline evaluation represents an important clinical tool to increase the reach of 
genetic cancer risk assessment, particularly in cancers without clear hereditary
predisposition.

• Somatic BRCA1/2 mutations can be identified after NGS studies on cfDNA. These
variants are normally found at VAFs lower than 5%.

Take-home message
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Take-home message

• Detection of BRCA1/2 reversion variants in cfDNA have a great potential for guiding the
use of PARPi or chemotherapy since they may not be evident in tissue from the primary
tumor and may not be present in tissue from all sites of disease. 

• However some limitation of cfDNA analyses should be taken into account; a) detection of 
large indels is challenging in plasma and b) some tumors are poor cfDNA shedders.

• Practically, ordering ctDNA testing providers will need to inform patients that ctDNA
testing may identify incidental germline information. 

• Laboratories that report incidental findings will need to distinguish somatic from probable 
germline findings clearly and suggest confirmatory testing. 
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General concepts of liquid biopsy
Advantages of NGS studies on cfDNA

De Ma]os-Arruda et al. Mol Oncol. 2016


