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Introduction
“Liquid biopsies” have emerged as a tool to monitor genomic

alterations in the peripheral blood [1]. Cell-free DNA consists of non-
cancerous nucleic acids and circulating tumor DNA (ctDNA). The
proportion of ctDNA depends on the tumor cell of origin and stage of
malignancy [2-5]. Peripheral blood biopsies can detect single
nucleotide variants, indels, copy number variants, rearrangements and
fusions, non-invasively, avoiding risk associated with repeat tissue
biopsies. However, concerns remain with respect to ctDNA adequately
reflecting tumor heterogeneity, thresholds for detection, and lack of
randomized control trials to validate improved survival outcomes. As a
result, further data are necessary to compare sequencing data between
tissue and blood biopsies to validate clinical utility.

Our recently published paper entitled “Concordance between
genomic alterations assessed by next-generation sequencing (NGS) in
tumor tissue or circulating cell-free DNA” compared mutational
profiles across two commercial NGS platforms [6]. NGS is high-
throughput sequencing that involves processing millions of DNA
fragments. The ctDNA platform in our study utilized massively parallel
and deep digital sequencing from a blood sample [7]. In contrast,
tissue NGS involved parallel DNA sequencing from formalin-fixed or
paraffin-embedded specimens. We utilized clinical reports from paired
tissue processed via FoundationOne and blood samples processed
Guardant 360. FoundationOne was a 315 gene panel, while the blood
biopsy examined 68 genes. We compared the 65 genes that overlapped
between both assays. Our study was a retrospective analysis of 28
patients with a variety of advanced solid tumors. We compared
concordance at the gene variant level, meaning that only genomic
alterations with the exact same nucleotide sequence were considered
concordant. We also performed sensitivity, specificity, and diagnostic
accuracy analyses. The goal of our study was to systematically examine
variant-level concordance across a diverse group of advanced solid
tumors.

Contrary to prior reports in the literature that have reported high
concordance for particular driver mutations, our study found that
concordance when genomic alterations were detected using either
biopsy ranged from 11.8-17.1% [8,9]. There are several reasons to
explain the differences in reported concordance values. First, our lower
concordance analyses excluded wild type/wild type variants (e.g., when
no mutation was detected in the same gene in both studies). Second,
we examined a larger sequencing region and restricted our definition
of concordance to only include the exact same genomic alteration
down to the nucleic acid level. This was critical in order to determine
whether these NGS platforms could reliably detect specific resistance
mutations, such as EGFR T790M in lung cancer. Recently, Kuderer and
colleagues compared two commercially available NGS platforms

validated our work in a sample of nine patients with heterogeneous
histologies [10]. In this study, the authors reported a concordance rate
of 22% for detected genomic alterations when comparing the same two
commercial assays. The study further reported that only 25% of drugs
were recommended for the same patient by both platforms. Clearly,
our study and the report by Kuderer and colleagues demonstrate a
high level of discordance that warrants further investigation.

Another important finding of our study was that while more
mutations were detected in tissue biopsies as compared to ctDNA, both
tissue and ctDNA contributed unique information about the genomic
profile of a patient’s tumor. Specifically, our study found that over half
of mutations detected using one NGS technique were not detected
using the other method. A primary reason for this discordance is likely
the inherent differences in the biopsy techniques. While ctDNA
biopsies rely on detecting tumor DNA that is released into the blood
via apoptosis or necrosis, tissue biopsies only target a single primary or
metastatic lesion [11]. Technical differences are also important with
respect to possible false positives in ctDNA at low variant allele
frequency. In fact, a recent study reported that approximately 11% of
healthy controls were found to have a genomic alteration in TP53 in
the peripheral blood [12]. There are several additional challenges with
respect to detecting ctDNA in the blood. First, it is critical to carefully
evaluate ctDNA assays in order to distinguish cfDNA from true
ctDNA. Second, the half-life of ctDNA is short (<1.5 hours), which
suggests that ctDNA is a highly dynamic marker influenced by tumor
shedding [13]. Finally, ctDNA is being explored for early detection of
cancer, but additional studies are necessary to determine the sensitivity
of these assays in control populations [14].

A clear advantage of liquid biopsies is the accessibility of obtaining
samples from patients, enabling serial biopsies to reflect the evolving
genomic profile of an individual’s tumor. A recent study demonstrated
that serial testing for TP53 mutations in patients with ovarian cancer
using ctDNA may be more specific for disease monitoring as compared
to serum CA-125 [15]. This potential exists because TP53 genomic
alterations are present in approximately 99% of patients with high-
grade serous ovarian carcinoma. Interestingly, the mutant allele
frequency of ctDNA was more prognostic than CT imaging, a finding
that was previously validated in breast cancer that ctDNA was an
earlier marker for disease relapse than CT imaging [16]. In addition,
ctDNA has been shown to reflect minimal residual disease and
recurrence in stage II colorectal cancer and to have prognostic value in
non-small cell lung cancer (NSCLC) [17,18].

We are currently pursuing additional studies to compare these two
platforms further. While our initial study compared sequencing data
across a heterogeneous group of solid tumors, we are currently
exploring how concordance may vary by tumor histology, as previous
data have demonstrated that certain tumors are more (lung or breast
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cancer) or less (glioblastoma multiforme) likely to be captured in
peripheral blood [2]. Second, we are comparing summative measures
of genomic instability (e.g., tumor mutational burden (TMB)) across
tissue and liquid biopsies. Previous research has indicated potential for
TMB to predict response to immunotherapy using NGS tissue biopsies
[19,20]. It remains to be seen whether shorter regions of the genome in
the peripheral blood may predict similar response to immune
checkpoint blockade.

We envision that ctDNA may have clinical utility for serial
assessments to identify particular resistance mutations given the high
specificity of the assay (e.g., EGFR T790M in NSCLC and ESR1 in
breast cancer) and to identify disease relapse or progression prior to
radiologic evidence of disease. Certainly, cost of repeat peripheral
blood biopsies remains an issue. However, cost effectiveness would be
promoted by matching patients with an ideal treatment and then
switching therapy as the tumor evolves to save costs associated with
unnecessary treatment, side effects, and imaging.

Collectively, these studies highlight the complex biology of
advanced solid tumors. There are many challenges that exist with
regard to spatial and temporal tumor heterogeneity, accessibility of
repeat tissue sampling, ability to detect ctDNA at very low detection
thresholds, and inherent differences in sequencing and sampling
techniques between the biopsies. For these reasons, we envision a
complementary approach using both tissue and ctDNA in the near
future to optimally capture and monitor an evolving mutational profile
when cost becomes less prohibitive.
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