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Cancer DNA in the Circulation:
The Liquid Biopsy
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Targeted therapies for cancer have changed treatment approaches for several solid tumor
malignancies. Analyses of cell-free circulating tumor DNA (ctDNA) enable noninvasive
cancer detection and characterization, prediction of treatment response, monitoring of
disease relapse, and identification of mechanisms of resistance to targeted therapies. With
newer technologies, the sensitivity and specificity of ctDNA detection assays have improved
and facilitate a greater role for ctDNA diagnostics in clinical practice (Figure).

How Liquid Biopsies Work

Circulating cell-free DNA (cfDNA) was discovered in plasma more than 60 years ago.!
Several decades later, abnormalities in cfDNA obtained from cancer patients were described
and are now known as ctDNA.2 Most cfDNA in the circulation is derived from ruptured
nonmalignant cells and is of germline origin. ctDNA is thought to be a result of tumor cell
apoptosis and necrosis. Analysis of ctDNA can identify tumor-specific DNA abnormalities
that can be used as a basis for highly specific disease testing strategies. Detecting the small
amount of tumor-derived mutations in cFDNA has been a major limitation in the clinical
application of ctDNA testing. Recently developed novel genomic and bioinformatic
approaches have facilitated highly sensitive molecular assays that can detect tumor-specific
aberrations from ctDNA.3-5
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Large-Scale Sequencing Approaches

Next-generation sequencing (NGS) provides high-throughput analysis of a large number of
DNA molecules in a single reaction.8 NGS can typically detect tumor-specific mutations in
the whole genome, exome, or a panel of genes in tissue specimens where mutations are
present in at least 5% of the cells analyzed. Because mutations in ctDNA are difficult to
detect and may occur in less than 1% of the cfDNA molecules analyzed, new approaches
have been developed that use much deeper sequencing (each base is analyzed redundantly
>20 000 times) to detect alterations present at frequencies aslowas0.05%.3-> These methods
have the advantage of being able to test for a variety of aberrations in key genes through
sequencing of DNA that has been amplified or captured through hybridization from regions
of the genome. Targeted deep sequencing combined with analyses that remove sequencing
errors allow for accurate detection of a broad range of sequence alterations. New NGS
methods may also be used for detection of DNA rearrangements or copy humber changes in
ctDNA,7 because these alterations represent important therapeutic targets in many cancers.
Extension of these targeted approaches to whole-exome or genome strategies in plasma have
identified novel genomic aberrations in tumor DNA that may have been selected for cell
survival during cancer therapy—similar to the selection of resistant microorganisms
resulting from antibiotic use.

Digital Polymerase Chain Reaction

Digital polymerase chain reaction (PCR) is an approach to quantify specific alterations in
ctDNA by separating one PCR reaction into multiple reactions, each with a single or small
number of DNA molecules.® In this process, PCR amplifies cfDNA fragments, and
fluorescent probes are used to differentially bind to mutant and wild-type sequences. Each
reaction is scored based on the presence or absence of mutant or wild-type signal, and the
proportion of different signals represents the prevalence of the mutant and wild-type alleles.
Recent refinements of digital PCR technology have allowed higher accuracy and throughput.
These methods provide high sensitivity but are limited by the requirement of prior
knowledge of specific point mutations or copy number variants to be analyzed. In a study of
patients with advanced lung cancer, the detection limit by digital PCR of EGFR, KRAS, or
BRAF mutations was approximately 0.01% of mutant to wild-type DNA molecules.® The
relatively low cost and rapid turnaround time of a few days make digital PCR a useful
platform for clinical applications in lung and other cancers.

Important Care Considerations

ctDNA analyses have been approved by the US Food and Drug Administration (FDA) for
use in lung cancer patients for the initial genotyping of tumors when not enough tissue is
available to characterize the molecular composition of the tumor. These analyses may be
more cost-effective than multiple tissue biopsies and may greatly reduce risks associated
with biopsies. The Cobas EGFR test (Roche)was approved by the FDA in 2016 as the first
diagnostic plasma test for detecting multiple EGFR mutations for identifying patients with
non-small-cell lung cancer eligible for treatment with EFGR inhibitors.10 In 2015, the
Therascreen EGFR kit (Qiagen) received Conformité Européene in vitro diagnostic approval
for an in vitro diagnostic medical device to include the liquid biopsy companion diagnostic

JAMA. Author manuscript; available in PMC 2018 February 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Husain and Velculescu Page 3

Value and

for detecting EGFR mutations in patients from whom tumor tissue cannot be obtained to
facilitate targeted treatments. While these tests are limited to a specific gene, expanded
CtDNA analyses using NGS gene panels for broader mutation profiling and therapeutic
target selection are now available for clinical use as laboratory-developed tests, and some are
likely to become FDA approved.

The emergence of genomic alterations that confer resistance to targeted cancer therapies
often results in treatment failure for late-stage cancers. In a prospective trial of patients with
treated £EGFR-mutant non—-small-cell lung cancer, the serial assessment of ctDNA levels
correlated with treatment response and detected early emergence of the resistance
EGFRTT790M mutation.? Strategies are being evaluated to consider plasma testing as an
initial strategy for detecting resistance mutations in clinically resistant lung cancer patients,
followed by tissue-based testing for when assessment of ctDNA is unrevealing.

Evidence Base

National Comprehensive Cancer Network guidelines currently recommend plasma testing
for non—small-cell lung cancer patients in certain circumstances, and other cancers may soon
follow. Initial applications include cancer genotyping and early resistance monitoring for
patients who cannot have biopsies performed because of safety concerns or who have
insufficient tissue for genomic characterization. Detection of ctDNA in patients with
recurrence may precede radiographic detection of cancers by more than 6 months,
facilitating earlier treatment. Research is under way to identify early indicators of treatment
response, evaluate economic cost-benefit analyses of these approaches, and uncover methods
for early detection of cancer in high-risk populations.®

Bottom Line

ctDNA analyses offer a promising approach for noninvasive detection of tumor DNA
variants in human plasma. It is likely that ctDNA analyses will see increasing use in
diagnosis, treatment selection, and treatment resistance monitoring for a variety of cancers.
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Figure. Analysis of ctDNA and Clinical Applications

A variety of tumor-derived genomic alterations may be detected in cfDNA (see text for
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description of methods for cfDNA analysis). Current clinical applications include treatment
selection and identification of resistance mutations; future applications include monitoring
of treatment response, detection of recurrence, and screening.
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