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Circulating DNA in EGFR-mutated lung cancer
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Abstract: Circulating tumor DNA (ctDNA) consists of short double stranded DNA fragments that
are released by tumors including non-small cell lung cancer (NSCLC). With the identification of driver
mutations in the epidermal growth factor receptor (EGFR) gene and development of targeted tyrosine kinase
inhibitors (TKIs), the clinical outcome of NSCLC patients in this subgroup has improved tremendously.
The gold standard to assess EGFR mutation is through tissue biopsy, which can be limited by difficulty in
accessing the tumor, inability of patients to tolerate invasive procedures, insufficient sample for molecular
testing and inability to capture intratumoral heterogeneity. The great need for rapid and accurate
identification of activating EGFR mutations in NSCLC patients paves the road for ctDNA technology.
Studies have demonstrated ctDNA to be a reliable complement to tumor genotyping. Platforms like digital
polymerase chain reaction (PCR) and next-generation sequencing based analyses have made it possible to
identify EGFR mutations in plasma with high sensitivity and specificity. This article will provide an overview
on ctDNA in the context of EGFR mutated NSCLC, especially its emerging applications in diagnosis,

disease surveillance, treatment monitoring and detection of resistance mechanisms.
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Introduction

Lung cancer is the leading cause of cancer related deaths
worldwide with an estimated 155,870 deaths in 2017 in
the United States alone (1). Non-small cell lung cancer
(NSCLC) accounts for 85% of all lung cancers and the
cornerstone of management for advanced stage disease
has traditionally been cytotoxic chemotherapy, albeit with
low response rates (20% to 25%) and overall survival (OS)
of 10-12 months (2,3). The discovery of driver mutations
in the epidermal growth factor receptor (EGFR) gene in
a subset of patients with NSCLC and the development
of oral tyrosine kinase inhibitors (TKIs) targeting these
mutant receptors has remarkably changed the therapeutic
landscape in advanced NSCLC. It has led to improved
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progression free survival as well as quality of life in this
patient population (4). The prevalence of sensitizing EGFR
mutation ranges from 14% to 38% in patients with NSCLC
depending on geographic location and ethnicity (3). These
mutations are more commonly present in women, non-
smokers and Asian populations. There are several EGFR
TKIs now approved including the first-generation gefitinib
and erlotinib, second-generation afatinib, and third-
generation osimertinib. Therefore, tumor genotyping is of
utmost importance and traditionally performed via invasive
fine needle aspiration or core biopsies. Liquid biopsy
including analysis with circulating tumor DNA (ctDNA)
is an emerging platform to complement tissue biopsies,
offering a rapid and minimally invasive method for tumor
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genotyping.

ctDNA

ctDNA consists of short fragments of double stranded DNA
shed from tumors and is characterized by unique somatic
mutations that are not present in normal cells. It is shed
following necrosis or apoptosis during cell turnover and
released into circulation either passively or by active egress
via exosomes (5). ctDNA is found in patients with all stages
of NSCLC, ranging from 50% of stage I cancers to >90% of
advanced staged cancers with the prevalence increasing with
the stage and number of metastatic sites (6-8). The fraction
of ctDNA found in the blood can vary from less than 0.01%
to >90% of total circulating cell free DNA depending on
the type, tumor burden or stage of the tumor (9).

We now have extremely sensitive and specific platforms
to detect ctDNA in the blood that can be polymerase
chain reaction (PCR) based or next generation sequencing
(NGS) based. PCR based assays for example, droplet digital
PCR (ddPCR), ARMS and BEAMing are relatively cheap,
and highly sensitive and specific but interrogate a limited
number of known mutations. NGS-based assays like TAM-
Seq and CAPP-Seq, although costly, retain high sensitivity
and specificity and are capable of detecting multiple
mutations of interest from a single sample (7able I). PCR
based assays cannot easily detect copy number alterations
and rearrangements (like ALK or ROSI fusions), which
are more easily detected via NGS (11). These platforms
are increasingly being utilized to detect activating EGFR
mutations as well as resistance mutations in patients
who progress on EGFR TKIs. The U.S. Food and Drug
Administration (FDA) approved the real-time PCR based
cobas® EGFR Mutation Test v2 to detect the presence of
sensitizing EGFR mutations (exon 19 deletion or L858R
substitution in exon 21) in peripheral blood to determine
which patients are candidates for treatment with erlotinib.
It also detects the most common resistance EGFR mutation,
T790M to determine which patients will benefit from the
third generation TKI, osimertinib.

The ctDNA test is non-invasive, allowing repeated
measurements if needed without subjecting patients to the
risk of invasive tissue biopsies. Another issue with tissue
genotyping is potential poor yield of specimen for extensive
molecular testing which may be circumvented by using
ctDNA analysis (7,12,13). The ctDNA is also thought to
better reflect intra-tumoral heterogeneity since it is released
from all parts of the tumor and better replicates the global
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genomic context of the tumor, compared to tissue biopsies
that may miss certain genomic alterations in different
tumor sub-clones. The turnaround time of ctDNA is also
much faster, yielding results weeks before tissue analysis,
providing a more real time assessment of the constantly
evolving tumor mutational landscape (Figure 1).

Utilizing ctDNA in initial diagnosis

Clinical benefits from using targeted TKIs in EGFR-
mutated lung cancer patients have led the National
Comprehensive Care Network (NCCN) to recommend
testing patients with advanced non-squamous NSCLC
and selected squamous cell carcinoma (never smokers,
small biopsy specimens or mixed histology) for EGFR
mutations and ALK/ROS]I rearrangements, preferably as
part of broader molecular profiling for treatment planning
(14,15). Numerous studies have demonstrated that ctDINA
is a reliable surrogate for tumor tissue to detect sensitizing
EGFR mutations (Table 2).

A preplanned, exploratory analysis of the phase IV single
arm study of gefitinib in EGFR positive NSCLC patients,
determined a mutation status concordance rate between
652 matched tumor and plasma samples to be 94.3%
with a test sensitivity of 65.7% and specificity of 99.8%
using a Scorpion ARMS-based EGFR mutation detection
kit (25). A prospective study of 102 patients with advanced
NSCLC revealed a concordance between matched plasma
and tissue samples for EGFR mutations to be 79% using
an NGS based assay (7). The concordance rate improved
to 100% as the time between the collections of the two
samples was closer to each other. A meta-analysis of 20
studies assessing the performance of ctDNA compared to
tissue to detect EGFR mutations in NSCLC, demonstrated
a pooled sensitivity of 67% and a pooled specificity of
93% (29). Another meta-analysis of 25 studies demonstrated
the pooled overall sensitivity, specificity, and concordance
rate of ctDNA compared to tissue as 61%, 90% and 79%,
respectively (30). Qiu ez /. showed a pooled sensitivity
and specificity of 62% and 95.9% for ctDNA to detect
EGFR mutations in their meta-analysis of 27 studies
involving 3,110 participants (31). The large multicenter
non-interventional ASSESS study investigated the utility
of ctDNA EGFR testing in the real world setting in
patients with metastatic NSCLC in Europe and Japan. The
concordance of mutation status in 1,162 matched blood and
tissue samples was 89% with a sensitivity of 46%, specificity
of 97% and positive predictive value of 78% (19). This data
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Table 1 Comparison between main types of ctDNA analyses (10)
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Testing platform

Advantages

Disadvantages

PCR based platforms (for example: ARMS;
BEAMing, ddPCR)

NGS based platforms (for example: Tam-
Seq, Ampli-Seq, CAPP-Seq, WES, WGS)

(I) Quick turnaround time; (Il) high sensitivity
and specificity; (Ill) relatively cheaper

(I) Can detect a large number of mutations
without limiting sequencing space; (ll) easier
to detect copy number variations and gene
fusions

() Can only detect a small number of known
relevant mutations; (Il) harder to detect copy
number variations and gene fusions

(l) Longer turnaround time; (Il) expensive;
(Il bioinformatics required to analyze results

PCR, polymerase chain reaction; NGS, next-generation sequencing; ARMS, amplification refractory mutation system; BEAMing, beads,
emulsion, amplification, magnetics; CAPP-Seq, cancer personalized profiling by deep sequencing; ddPCR, droplet digital PCR; Tam-Seq,
tagged-amplicon deep sequencing; WES, whole-exome sequencing; WGS, whole-genome sequencing; ctDNA, circulating tumor DNA.

Figure 1 Comparison between tissue biopsy and liquid biopsy.

should be interpreted with caution since various different
testing platforms were used, as this was not a strictly
controlled study but rather a reflection of practice in the
real world.

In addition to high concordant rates as mentioned above,
several studies have shown ctDNA to be a reliable predictive
and prognostic marker in EGFR mutant NSCLC. Kimura
et al. in their study of 42 Japanese patients with NSCLC
showed that EGFR mutations detected using ctDNA via
Scorpion ARMS technology predicted for an objective
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Tissue biopsy Liquid biopsy
cobas® EGFR Mutation Test v2:
Yes, FDA approved

Gold standard Yes

Other platforms: No, emerging

use

Invasiveness High Low
Chances of reﬂectlng tumor oW High
heterogeneity
Turnaround time Long (2-6 weeks) Short (3days-2 weeks)
Cor?venlence for NO -
Serial measurements

response to gefitinib as well as improved progression free
survival (PFS) (174 vs. 58 days in serum samples), similar to
mutations detected in tumor samples (32). Bai et 4/. showed
similar results with improved PFS in advanced NSCLC
patients with EGFR mutations detected in plasma, treated
with gefitinib compared to those without these mutations
(median PFS, 11.1 vs. 5.9 months) (28). In another study,
ctDNA in both plasma and pleural effusions was shown to
predict PES and OS in patients treated with gefitinib (33).
In the aforementioned gefitinib study by Douillard ez /.,
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Table 2 Selected studies (n>100) evaluating ctDNA to detect EGFR mutations in NSCLC
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) EGFR allel -
Study Sample, n Testing platform teste da eles Study objective Concordance Qutcome
Jenkins Plasma, 551 cobas® EGFR T790M Percent agreement Positive percent  ORR: 64% in T790M positive
etal., 2017 (16) Mutation Test between plasma agreement: 61%; patients by both cobas tissue
v2.0, NGS and tissue cobas negative percent  and plasma tests
test; ORR agreement: 79%
Chenetal., Urine/ ddPCR L858R, Comparison of 88% between T790M+ group had worse OS
2017 (17) plasma, 150 L861Q, tissue, plasma and urine and tissue;  compared to T790M-(median
T790M urine to monitor 98% between OS 30 vs. 34 months)
NSCLC patients; urine and plasma
(O]
Wu et al., Plasma/ Therascreen 29 EGFR PFS; OS EGFR mutation Afatinib improved PFS vs.
2017 (18) serum, 287 EGFR 29 Qiagen mutations detection rates chemotherapy in cfDNA+
(serum), 334 in cfDNA: 28.6%  (HR: 0.25 to 0.35) and cfDNA-
(plasma) (serum); 60.5% patients (HR, 0.12 to 0.46)
(plasma)
Reck et al., Plasma, Several different Dependent on Concordance 89% Sensitivity: 46%; specificity:
2016 (19) 1,162 platforms used  platform used between plasma 97%
and tissue
Zheng Plasma, 117 ddPCR T790M oS - T790M ctDNA positive group
etal., 2016 (20) had significantly shorter
OS than the negative group
(median OS: 26.9 months vs.
not achieved)
Thompson Plasma, 102 NGS 70 gene Feasibility of ctDNA  79% Higher cfDNA concentrations
etal., 2016 (7) platform to detect targetable (>3 ng/uL) was associated
mutations; OS with a median OS of 24 vs. 46
months
Sequist Plasma, 227 BEAMing T790M ORR 73% Sensitivity: 80.7%; specificity:
etal., 2015 (21) 34.3%; ORR was 48% in
T790M+ patients, regardless
of genotyping method
Weber Plasma, 196 cobas® EGFR Exon 19 Concordance 91.3% Sensitivity: 91.3%; specificity:
etal., 2014 (22) Mutation Test deletion, between plasma 60.7%
L858R and tissue
Jing et al., Plasma, 120 High resolution  Exon 19 Concordance 85% Sensitivity: 66.4%; specificity:
2014 (23) melting analysis deletion, between plasma 97.3%
L858R and tissue
Wang Plasma, 134 ARMS Exon 19 Clinical significance 59% Sensitivity: 22.1%; specificity:
etal., 2014 (24) deletion, of plasma EGFR 97%; no difference in PFS
L858R mutations or OS between patients with
high and low levels of cfDNA
Douiillard Plasma, 652 ARMS Exon 19 Concordance 94.3% Sensitivity: 65.7%; specificity:
etal., 2014 (25) deletion, between plasma 99.8%; no difference in ORR
L858R and tissue; ORR,; and PFR between mutation
PFS positive tumor or plasma
Zhao et al., Plasma, 111 Mutant enriched Exon 19 Concordance 71.2% Sensitivity: 35.6%; specificity:
2013 (26) PCR deletion, between plasma 95.5%
L858R and tissue

Table 2 (continued)
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EGFR allel
Study Sample, n Testing platform teste da eles Study objective Concordance Outcome
Huang Plasma, 822 DHPLC Exon 19 Concordance 77% Sensitivity: 63.5%; specificity:
etal., 2012 (27) deletion, between plasma 84.6%
L858R and tissue
Bai et al.,, 2009 Plasma, 230 DHPLC Exon 19 Concordance 74% Sensitivity: 81.8%; specificity:
(28) deletion, between plasma 89.5%; patients with plasma
L858R and tissue; PFS EGFR mutations had a longer

PFS than those without

ORR, objective response rate; PFS, progression free survival; OS, overall survival; DHPLC, denaturing high-performance liquid
chromatography; NSCLC, non-small cell lung cancer; EGFR, epidermal growth

the overall response rates and progression free survival in
NSCLC patients receiving the drug were similar, regardless
the EGFR mutation was detected in the tumor or plasma
(70% wvs. 76.9% and 9.7 vs. 10.2 months, respectively) (25).
Several other studies have corroborated these findings
establishing a clear predictive role of ctDNA EGFR
mutations in the response to TKIs in NSCLC (34-36).
A pre-specified analysis of the EURTAC trial comparing
first line erlotinib and chemotherapy in advanced NSCLC,
assessed ctDNA as a surrogate for EGFR mutation
testing (37). Median OS was found to be shorter in patients
with the L858R mutation in ctDNA than in those with the
exon 19 deletion (13.7 vs. 30.0 months) and patients with
L858R mutations detected in both ctDNA as well as tumor
had shorter survival compared to patients with the mutation
detected only in tumor tissue (13.7 vs. 27.7 months). The
mean level of circulating free DNA (cfDNA) has also been
shown to predict OS in NSCLC patients, with higher levels
correlating with worse survival (38). Levels >3 ng/pL. were
associated with a median OS of 24 vs. 46 months in one
prospective study (7).

The promise of ctDNA is not to entirely replace tissue-
base testing, since histology remains as a key determinant to
make treatment decisions. However, it does offer a reliable
complement to tissue testing particularly in the clinical
scenario of suboptimal tissue obtained by biopsies or in
patients where repeat biopsies are too risky to perform.

Role of ctDNA in the resistance setting

Despite the excellent response to first generation EGFR
TKIs, most patients eventually develop resistance usually
within one year of therapy, with the most common
resistance mutation being T790M (5). Identifying the
resistance mutations is extremely clinically pertinent since
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the third generation EGFR TKIs like osimertinib have
been shown to have high response rates (71% vs. 31%)
and prolong PFS compared to chemotherapy (median PFS
10.1 vs. 4.4 months) in EGFR mutated patients who have
progressed on prior EGFR TKIs with the development of
T790M (39). Numerous studies have yielded evidence that
ctDNA can be used to complement tumor DNA testing to
detect these genetic alterations. Thress ez a/. demonstrated
the efficacy of two different platforms to detect T790M in
blood, with a sensitivity of 73% and 81% and specificity of
67% and 58% (40). In one study, similar objective response
rates (ORR) were seen in patients treated with rociletinib,
regardless of whether T790M was detected in tumor or
plasma (21). Plasma EGFR T790M status was shown to
be associated with worse OS in another study (20). A
retrospective analysis of patients with acquired resistance to
EGFR TKIs revealed that the clinical outcomes in terms of
PFS and ORR were similar in patients with T790M positive
plasma (ORR 63%; PES 9.7 months) or tumor (ORR 62%;
PFS 9.7 months) (41). The study also concluded that given
the 30% false negative rate of plasma T790M testing, those
with negative plasma T790M still needed a tissue biopsy
to accurately determine the T790M status. Another study
assessed the efficacy of osimertinib when T790M status was
determined in ctDNA in 48 EGFR-mutant NSCLC patients
with disease progression (42). The T790M mutation was
detected in 50% of patients, with osimertinib achieving
a partial response rate of 62.5% and a stable disease rate
of 37.5%. Median PFS was not achieved at the 8-month
follow-up. The study concluded that ctDNA is a reliable
surrogate for T790M mutation status.

Third generation EGFR TKIs act by covalently binding
to the cysteine residue at position 797 in the ATP binding
cleft of the EGFR receptor. Despite impressive initial
responses, patients eventually develop resistance to these
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drugs as well, with the acquisition of novel mutations, one
of the most common ones being the base substitution,
C797S which prevents their binding to the EGFR
receptor (43). The context of developing the C797S
mutations in relation to other EGFR alleles determines
the response to subsequent therapies (44). If the mutation
develops in trans-, cells will be sensitive to a combination of
first- and third-generation TKIs, whereas mutations in cis-
will not respond to EGFR TKIs, alone or in combination.
C797S acquired in cells with de novo T790M (when third-
generation TKIs are administered in the first-line setting),
are resistant to third-generation TKIs but susceptible to
first-generation TKIs. Chabon et 4/. demonstrated that
this allelic assessment is possible with the short fragments
of ctDNA (~180 bp) likely due to the proximity of the two
mutations (45), however the same may be difficult to assess
if the mutations of interest are far apart.

Therefore, the clinical utility of ctDNA in the resistance
setting is to avoid invasive repeat biopsies in patients with
progression of disease. Plasma T790M detection can be
relied upon as a true positive and these patients may be able
to avoid biopsies. However, if the patient is plasma T790M
negative, they still require a tissue biopsy to confirm the
results since this may be a false negative and the patient may
still benefit from osimertinib. The false negatives of ctDNA
testing are believed to be due to non-shedding tumors
rather than a fallibility of the testing platforms themselves.
In the event that plasma EGFR mutation is positive however
tissue mutation is negative, it is often considered that this
“false positive” is actually a false negative of tissue testing
given the high positive predictive value of ctDNA and may
be due to the inability of tissue testing to capture tumoral
heterogeneity.

ctDNA in other body fluids

Urine and CSF have also been utilized to assess both
sensitizing and resistance EGFR mutations. Reckamp
et al. used NGS based assays to interrogate EGFR activating
mutations and T790M resistance mutation in urine or
plasma of patients enrolled in the TIGER-X trial, a phase
1/2 study of rociletinib in previously treated patients with
EGFR positive advanced NSCLC (46). The sensitivity of
detecting EGFR mutations in urine was 80% for L858R,
83% for exon 19 deletions and 93% for T790M with a
comparable sensitivity observed in plasma. Twelve additional
T790M positive patients were identified with both urine
and plasma, which were undetectable or inadequate by
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tissue genotyping. A rapid decrease in T790M levels was
noted by day 21 on serial monitoring nine patients while
receiving rociletinib. A prospective study evaluated 150
treatment naive patients with advanced NSCLC positive
for EGFR mutations L858R or L861Q and being treated
with first generation TKIs (17). Patients were monitored
with urine and plasma samples collected every month for
9 months. The overall concordance was 88% between
urinary and matched tumor samples and 98% between
urinary and plasma cells. Immediately after beginning
treatment with TKI, a decline in urinary cfDNA level was
observed. However, later during the monitoring period, an
increase in ¢cfDNA level and greater variation in cfDNA was
noted. 53% of patient developed T790M mutations and
these patients had higher urinary levels of ¢fDNA as well as
a worse OS compared to T790M negative patients. Husain
et al. demonstrated 100% concordance of urine T790M
positivity compared to tissue (47). A biomarker study of
EGFR mutant NSCLC patients on EGFR TKIs monitored
urine cfDNA prior to and after progression on TKIs (47).
An interim analysis showed that urine T790M was detected
in 68% of patients (n=15/22 patients) on EGFR TKIs with
high concordance. Urine EGFR T790M was detected up
to 3 months prior to radiographic progression and urine
ctDNA peaked one day after therapy, which predicted
radiographic response.

EGFR mutations have been detected in the CSF of
patients with leptomeningeal disease (48). A retrospective
study used ARMS-PCR assays to interrogate EGFR
mutations in 30 lung adenocarcinoma patients with brain
metastases (49). Sixteen patients were positive for activating
EGFR mutations and the sensitivity of CSF for EGFR
mutations was 67 % with a specificity of 82%. Another study
retrospectively analyzed the CSF of seven EGFR mutant
NSCLC patients who had developed leptomeningeal
disease during or after therapy with gefitinib (50). The
EGFR mutation detected in all cases was the same as
that detected in the primary tumor whereas cytology was
positive in only two patients. Erlotinib was efficacious in
all cases however, eventually all patients progressed. Zhao
et al. collected paired CSF and plasma samples from seven
NSCLC patients with CNS metastases after EGFR TKI
failure (51). EGFR mutations were detected in all seven
CSF samples, while 5 of the 7 matched plasma samples were
negative for EGFR mutations. After TKI failure, majority
of the patients with CNS metastases remained positive for
EGFR sensitive mutations in CSF, but much less in the
matched plasma. Another study concluded that CSF ctDNA
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better captures genetic alterations in patients with brain
metastases compared to plasma ctDNA (52).

EGFR mutations in NSCLC patients have also been
detected in saliva using electric field-induced release
and measurement (EFIRM) with receiver operating
characteristic analysis indicating that EFIRM detected exon
19 deletion with an area under the curve (AUC) of 0.94 and
the L858R mutation with an AUC of 0.96 (53). However,
this platform is not in widespread use clinically for the time
being.

Park et al. isolated cfDNA from bronchoalveolar lavage
(BAL) fluid and bronchial washing samples from 20 lung
adenocarcinoma patients and interrogated them for EGFR
mutations using peptide nucleic acid (PNA)-mediated
PCR clamping method (54). In cases where tumor biopsy
and cfDNA test were not concordant, PANAMutyper™ R
EGFR kit was utilized in addition. The results from PNA-
mediated PCR clamping were 75% (n=9/12) concordant
with tumor EGFR mutation status. PANAMutyper with
fluorescence melting curve analysis was performed in three
cases, which detected EGFR mutations in two more patients
(n=11/12, 91.7%).

Role in longitudinal clinical monitoring

The non-invasive nature of ctDNA as well as quick
turnaround time for results lends it to being a promising
test for serial monitoring of patients on treatment.
Marchetti et al. performed serial EGFR testing at baseline
and then 4 to 60 days during TKI therapy in EGFR mutant
NSCLC patients (55). They noted that the level of ctDNA
correlated with tumor shrinkage. There was a more than
50% reduction of EGFR copy number at 14 days in rapid
responders compared to patients that were slow responders.
A prospective analysis of advanced NSCLC patients
demonstrated that patients with complete resolution of
ctDNA at either 2 or 6 weeks after treatment, exhibited
a lower treatment discontinuation rate (0% at initial and
4% at second reimaging) compared to patients without
complete resolution (33% at initial and 56% at second
reimaging), presumably correlating with radiographic
response and emergence of acquired resistance (11).
Another prospective study followed 62 EGFR mutant
NSCLC patients receiving TKI therapy with serial
plasma ctDNA testing (56). Failure to clear plasma EGFR
mutations after TKI therapy predicted for worse PFS and
OS. An exploratory analysis comparing matched tumor

and blood samples from the FASTACT-2 study assessed
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the clinical outcome of NSCLC patients treated with first
line chemotherapy with erlotinib (36). For plasma EGFR
mutant patients, median PFS (7.2 vs. 12.0 months) and
OS (18.2 vs. 31.9 months) were shorter for patients who
remained plasma EGFR positive by cycle 3 compared to
those who became negative. Lee et al. analyzed EGFR exon
19 deletion, L858R and T790M using ddPCR in 367 serial
plasma samples from 81 NSCLC patients treated with
EGFR TKIs (57). All 40 patients with EGFR mutations at
baseline showed a significant reduction of mutant copies
(>50%) in plasma during the first 2 months after treatment.
Median PFS was demonstrated to be longer in patients
with undetectable EGFR after 2 months compared to those
with detectable EGFR mutations (10.1 vs. 6.3 months). A
pre-planned exploratory analysis of a randomized phase
IIT trial comparing erlotinib with gefitinib in advanced
EGFR mutated NSCLC patients aimed to measure
changes in plasma EGFR L858R mutation during EGFR-
TKI treatment (58). Serial plasma L858R were detected
using quantitative PCR in 80 patients, with a decrease in
quantity of L858R to its lowest level noted at the time of
best response to EGFR-TKI. Two dynamic types of L858R
were found—ascend type and stable type, depending on the
level found in patients at disease progression. Median PFS
and OS were longer in the ascend types compared to stable
types (median PFS, 11.1 vs. 7.5 months; median OS, 19.7
vs. 16.0 months.

Conclusions

We propose the following model to utilize ¢tDNA in
the context of EGFR mutant NSCLC (Figure 2). For
initial diagnosis, tissue biopsy remains the gold standard
since identifying histology (e.g., small cell vs. non-small
cell) remains extremely relevant. If adequate tissue is not
available, we recommend obtaining c¢tDNA to look for
driver EGFR mutations, which have important predictive
and prognostic properties. At the time of progression
of disease while on first generation EGFR TKIs, we
recommend sending ctDNA testing to interrogate for
resistance mutations like T790M. If positive, one can
proceed with using a third generation TKI given the
extremely high positive predictive value using newer testing
platforms. If ctDNA is negative for T790M, repeat tissue
biopsy is still recommended due to the 30% false negative
rate of ctDNA.

In conclusion, ctDNA is an exciting and promising
technology, which is fast becoming an attractive

atm.amegroups.com Ann Transl Med 2017;5(18):379



Page 8 of 11

Singh et al. ctDNA in EGFR-mutated lung cancer

W —— (+)
If insufficient
sample

Primary Molecular Acquired
diagnosis testing for resistance
of NSCLC EGFR to EGFR
mutations If EGFR (+) * TKI
EGFR TKI 3rd generation
- [ EGFR TKI Chelatierspy
I Lung cancer clinical course >
After curative Assess Serial
treatment: treatment monitorin
detect residual resistance and of ?reatomegt
disease and tumor response
relapse heterogeneit: P

Figure 2 Proposed use of liquid biopsy in EGFR-mutated lung cancer. EGFR (+), positive for activating EGFR mutations; TKI, tyrosine
kinase inhibitor; T790M (+), positive for EGFR T790M. EGFR, epidermal growth factor receptor.

complement to tissue-based genotyping for initial diagnosis,
and detection of resistance at disease progression in EGFR
mutated NSCLC. With future research, emerging uses
in disease surveillance and detection of minimal residual
disease will continue to harness the role of ctDNA in the
era of precision medicine.
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