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Introduction

Molecular mechanisms of oncogenesis in lung cancer have
been largely deciphered over the past 20 years. Cell-free
DNA (cfDNA) is an emerging but immature clinical tool
used to guide genotype-directed cancer care. Currently,
FDA-approved clinical use of ¢cfDNA is limited to the cobas
EGFR Mutation Test v2 CE-IVD for non-small cell lung
cancer (NSCLC) patients unable to undergo a tissue biopsy
or with acquired resistance to EGFR-TKIs (1). However,
many researchers and clinicians seek to expand the use
of ¢fDNA to a wider range of clinical situations. Plasma
genotyping assays are being explored in early detection,
identifying minimal residual disease (MRD), monitoring
treatment response, tracking resistance, and understanding
tumor heterogeneity (2-7). Swanton ez /., within the
TRACERx [Tracking Non-Small-Cell Lung Cancer
(NSCLC) Evolution Through Therapy (Rx)] Consortium,
have initiated an extensive trial to assess cfDNA as
a biomarker in each of these situations (8). Recently
published preliminary TRACERx results provide deep
insight into the biology of ¢fDNA shed and its potential
clinical utility (9). Furthermore, the TRACERx team made
significant advances in assay development which encourage
a reformulation of variant calling in next-generating
sequencing (NGS) assays that may improve the sensitivity
and specificity of plasma genotyping assays.
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Key findings of the study

The TRACERx team analyzed ¢fDNA data from the
first 100 patients enrolled in the study from the point of
diagnosis through treatment (including curative surgery)
and beyond. Importantly, personalized sequencing assays
were built and used for each patient. Multiregion exome
sequencing of the tumor provided information on clonal
and sub-clonal tumor variants. Using this information,
personalized, patient-specific multiplex PCR assays were
built for deep sequencing of these variants within the
plasma. Although potentially costly and time-consuming,
these assays had remarkable sensitivity (as many tumor
variants were assayed by deep sequencing) and specificity
(as the team set a threshold of 2 or more variants for
determining the presence of tumor). Before further
expounding on assay development, we will discuss the key
findings of the preliminary results regarding early detection/
shed and MRD/recurrence post-curative surgery.

Predictors of early detection of ctDNA

Interest in the use of ¢cfDNA to detect early-stage cancers has
attracted funding and resources to several biotech companies,
some of which have initiated large-scale trials to attempt to
detect early cancer in high-risk populations using plasma
genotyping (NCT02612350 and NCT03085888) (10).
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Detection of early-stage cancer via plasma genotyping
requires tumor DNA shed and sufficiently sensitive assays
to capture and characterize this circulating tumor DNA
(ctDNA) amongst a sea of wild type DNA. Bettegowda et al.
performed an extensive study on early-stage malignancies
and determined that 47% of stage one cancers have
detectable plasma ctDNA (11). Additionally, several studies
have determined certain predictors of ctDNA shed, which
include tumor size, number of metastatic sites, stage, and
organ of origin (3,4,12). This study aimed to further inform
the incomplete understanding of ctDNA shed at diagnosis.
Among the findings, the TRACERx team discovered
necrosis, lymphovascular invasion, Ki67 labelling index,
tumor size, and non-adenocarcinoma status all predict
ctDNA shed. With their assay, they identified tumor ¢fDNA
in 48% of early-stage NSCLC patients. Finally of note, the
team discusses a theoretical limit of DNA shed for tumors
of a given size, estimating that tumors under 10 cm’ will
not have detectable circulating tumor DNA. This may limit
the clinical utility of plasma genotyping in early detection.
Overall, the TRACERx findings for early detection
significantly improve our understanding of ctDNA shed
biology and plasma genotyping as a diagnostic tool.

Potential application to detect MRD and assess sub-clonal
origin of recurrence

In addition to ctDNA shed, important advances were made
relating to ctDNA as a biomarker of MRD/recurrence
in post-curative surgery patients. The utility of plasma
genotyping in this context has been studied extensively in
various malignancies (13,14). These studies indicate that
plasma genotyping of tumor variants in the plasma has high
positive and negative predictive values and a lead time of
weeks to months over the detection of MRD/recurrence
via clinical assessment or imaging. This study builds on this
work, showing that their assay has 93% sensitivity and 90%
specificity for identifying recurrence with a lead time of
70 days over clinical/imaging follow-up. Interestingly, in
many patients this assay identified the phylogenetic sub-
clone that was responsible for recurrence. These data
should motivate large-scale interventional studies that use
¢fDNA to inform clinical decision-making in this context.

Comments

Plasma genotyping assays have traditionally had difficulty
at ascertaining the presence of tumor plasma cfDNA at low
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levels [<0.5% allele frequency (AF)]. At these low levels,
discordance between plasma and tumor genotyping, as well
as discordance between orthogonal plasma genotyping
assays, has been seen (15-18). This is particularly
disadvantageous in the context of early detection and MRD/
recurrence, as false positives must particularly be avoided,
and low AFs are typically seen in these contexts. Thus, assay
performance at/near the limit of detection is important.
The assay used in TRACERx is uniquely capable of
reliability at very low AFs, with a sensitivity of above 99%
and a specificity of 99.6% (for single variant calls) down to
0.1% AF. To our knowledge, this is the first study that sets
a threshold of at least two tumor variants to determine that
tumor plasma cfDNA is present. Other plasma genotyping
assays often assess just the driver mutation, if known. With
the TRACERx assay, it is possible that a highly confident
call (e.g., a KRAS mutation at 2% AF) would be disregarded
if in the absence of any other tumor variant assessed by the
assay. Therefore, although individual variant calls are made
independently of each other, dependent variant calling
is necessary for the binary cancer/no cancer call. This is
a fundamental advancement in variant calling in plasma
NGS assays, and it supports further investigation into other
dependent variant calling algorithms.

The TRACERXx assay design and performance motivates
variant calling that uses known clinical situations and patient
characteristics to set AF thresholds for calls. Typically,
we use highly confident NGS variant calls (>~0.5-1%
AF) to inform clinical decision-making. For example, the
finding of EGFR T790M (a common resistance mechanism
to EGFR-TKI) in the plasma of a NSCLC patient on
erlotinib would drastically increase the likelihood that such
a patient would progress in a given time frame. However,
the TRACERXx study suggests the use of clinical knowledge
to inform variant calling of lowly confident calls (<0.5%
AF). For example, the finding of EGFR T790M at 0.1% AF
in a patient with EGFR-mutant NSCLC on erlotinib for
some time has a higher likelihood of being a true positive
than the same call in a patient with newly diagnosed KRAS-
mutant NSCLC. Traditionally, variant calling thresholds
are made by looking at a large population of admixtures/
patient plasma that you know do not have the mutation,
and then setting AF thresholds so as to maximize sensitivity
and specificity (often favoring specificity). However, this is
imperfect as the presence of a mutation within the plasma
is unknown in clinical situations, but the likelihood of
certain mutations being present depends on the situation
and patient characteristics. Therefore, it is possible to use
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clinical information to aid in variant calling. Formalizing
such an idea is challenging, as it requires longitudinal
monitoring of a specific large cohort of patients from
diagnosis through treatment and beyond. All variant calls,
no matter how low of AF, would have to be recorded and
later correlated with outcome, thereby generating a dataset
that can be used to generate AF thresholds for every clinical
situation/patient characteristic.

In conclusion, the preliminary results of the plasma
genotyping component of TRACERx make crucial insights
into plasma genotyping assay development, the biology of
cfDNA shed, heterogeneity in NSCLC, and the clinical
utility of ¢cfDNA to assess early detection and MRD/
recurrence. These data suggest that cfDNA is a biomarker
with great clinical utility in diverse situations. In addition,
they promote further investigation into different manners
of variant calling in NGS assays. Clinical situation-
specific variant calling is an intriguing potential solution
to continued issues with sensitivity and specificity at low
AFs. In this sense, the TRACERx study and other such
longitudinal studies are especially qualified to formulate a
comprehensive framework for cfDNA analysis.
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