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Summary

Purpose: The EGFR (Epidermal Growth Factor Receptor)
mutations may predict sensitivity and resistance to EGFR-
TKIs (Tyrosine Kinases Inhibitors) in metastatic lung ad-
enocarcinoma. The detection of these mutations is usually
performed on tumor tissue samples. However, when a biopsy
is not feasible or the amount of tissue is limited, circulating
tumor DNA (ctDNA) may represent an alternative source for
genotyping the tumor.

Methods: In the first phase of the study, the liquid biopsy
was performed in newly diagnosed metastatic lung adeno-
carcinoma patients with and without EGFR mutations to
evaluate the concordance between EGFR mutational analy-
sis on ctDNA by real time PCR and on tissue. In the second
phase it was performed in EGFR positive patients progress-
ing after first or second generation TKIs in order to detect
the T790M mutation.

Results: In the first phase, a 100% concordance between

Introduction

Lung cancer is the second most commonly
diagnosed tumor worldwide [1,2]. About 85% of
the cases are represented by non-small cell lung
cancer (NSCLC), of which adenocarcinoma is the
more frequent histological subtype. Activating
EGFR mutations occur in 10-15% of Caucasian pa-
tients and in 40-60% of South-East Asian patients
with lung adenocarcinoma [3]: up to 90% of them

EGFR on ctDNA and tissue was revealed, leading to valida-
tion of the test. In the second phase, 44.8% of patients showed
T790M positive result at liquid biopsy. Considering the re-
biopsies performed in 31% of the cases, the overall positivity
rate of T790M was 58.6%. Sensitivity and specificity were
76% and 75%, respectively. The median time to development
of T790M mutation from the start of first line EGFR TKI
was 244 days.

Conclusions: : Our experience confirms that liquid biopsy
is a valid method to detect sensitizing and resistant EGFR
mutations in patients with metastatic lung adenocarcinoma.
Nevertheless, in the presence of negative ctDNA analysis, a
rebiopsy should be performed whenever possible to confirm
this result.

Key words: circulating tumor DNA, tissue biopsy, lung
adenocarcinoma, sensitizing mutations, T790M mutation,
real time PCR

have exon 19 deletions and L858 point mutations
in exon 21 that show sensitivity to EGFR tyrosine
kinase inhibitors (TKIs), while the remaining 10%
are uncommon mutations (G19X, L861Q, S768I,
EGEFR fusions, exon 20 insertions) with limited or
poor sensitivity to TKIs [4].

From 2009 todate, eight phase III studies dem-
onstrated that first (gefitinib, erlotinib) and second
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(afatinib) generation EGFR TKIs were superior to
chemotherapy in terms of response rate (RR) and
progression-free survival (PFS) in mutated EGFR
patients, while they did not show an overall sur-
vival (OS) advantage because of high cross-over
rate from chemotherapy to EGFR TKI arms [5-16].
Unfortunately, after 6-13 months all patients treat-
ed with EGFR TKIs show progressive disease. In
these cases the most common mechanism of ac-
quired resistance is represented by the develop-
ment of EGFR T790M mutation. It may occur in 50-
60% of patients and consists of the substitution of
threonine to methionine at amino acid position 790
in exon 20. Moreover, it enhances the ATP bind-
ing affinity of EGFR protein, reducing the efficacy
of first and second generation EGFR TKIs [4,17].
Osimertinib is a third generation EGFR TKI able to
overcome this mechanism of resistance. Two ran-
domized phase 3 studies reported its efficacy both
in second-line setting in comparison with chemo-
therapy (AURA 3 study) [18] and in first-line setting
compared to gefitinib or erlotinib (FLAURA trial)
[19]. Moreover, osimertinib showed a good safety
profile and high efficacy in nervous central system
metastases [19].

Therefore, the evaluation of T790M mutation
is essential to identify the innate or acquired resist-
ance and to select patients for the optimal sequence
of therapies. The best source of material to assess
T790M status is represented by tumor tissue, that

derives from the biopsy performed at diagnosis or
the re-biopsy at disease progression. However, bi-
opsy procedures in NSCLC are often associated with
a number of limitations, such as the insufficient tu-
mor tissue, the location and size of tumor, the risk
of complications, and the heterogeneity of the tu-
mor [20,21]. Alternative sources of tumor DNA may
be blood samples and also urine and cerebral spinal
fluid, as recent data suggest [21]. In the blood, the
tumor DNA may derive from cell tumor DNA (ctD-
NA), circulating tumor cells (CTCs) and exosomes
[22,23]. In particular, ctDNA consists of small frag-
ments of DNA at very low concentration (<10 ng/
ml) and primarily derives from apoptosis and ne-
crosis of cancer cells, although it may increase as
a consequence of tissue trauma or inflammation
[24]. The plasma concentration of ctDNA strictly
depends on tumor type and burden [24]. Besides,
its detection requires extremely sensitive analysis
methods, such as real-time PCR, digital PCR, BEAM-
ing (Beads, Emulsion, Amplification, Magnetics),
and Whole Genome Sequencing (WGS) [24,25].

The procedure of using cell tumor DNA to
detect genetic alterations is termed liquid biop-
sy [21,23,25,20]. It offers several advantages over
tissue biopsy: it is safer for the patient, requires
quicker turnaround time, provides information on
the effect of the treatment and identify the devel-
opment of resistance mechanisms, overcoming the
bias of tumor heterogeneity [20,21, 24,27].

Table 1. Concordance between EGFR mutational analysis on tissue and ctDNA in the first phase of the study in order

to validate the test

Pyrosequencing Sequenom Mass Array RT PCR
EGFR K-ras EGFR K-ras N-ras B-raf PI3KA DDR2 EGFR

1 ex 19 del ex 19 del
2 L858R L858R
3 wt G12D wt
4 wt wt wt
5 ex 19 del ex 19 del
6 ex 19 del ex 19 del
7 wt wt wt
8 L858R L858R
9 ex 19 del ex 19 del
10 wt G12D wt wt wt wt wt
11 wt G12C wt
12 wt G12C wt wt wt wt wt
13 ex 19 del wt wt wt wt wt ex 19 del
14 wt G13D wt wt wt wt wt
15 wt wt wt wt wt wt wt
16 L858R wt wt wt wt wt L858R
17 ex 19 del wt wt wt wt wt ex 19 del
18 wt wt wt wt wt wt wt
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The present study aimed to evaluate the reli-
ability of liquid biopsy in the detection of EGFR
mutations in NSCLC patients treated with EGFR
TKIs in first- and second-line settings according to
clinical practice.

Methods

The study included two different phases. In the first,
a consecutive series of patients with newly diagnosed
metastatic adenocarcinoma of the lung and known EGFR
status underwent a liquid biopsy before starting the
first line treatment with EGFR-TKIs or chemotherapy
according to the EGFR mutational status. In this phase
we evaluated the concordance between EGFR mutational
analysis in blood and on tissue and we validated the
method. The tissue analysis was performed on tumor
samples obtained by small biopsies or fine needle as-
pirations: EGFR and K-ras mutations were detected by
Pyrosequencing (Pyr) or Sequenom MassArray (SMA).
Specifically, the multiplex, PCR, Myriapod Lung Status
kit, based on MALDI-TOF SMA, allowed the identifica-
tion of main mutations of EGFR (exons 18-21), KRAS
(12, 13 and 61 codons), BRAF (466, 469, 594, 597 ad 600
codons), NRAS (12 and 61 codons), PI3KA and DDR2
genes. Only EGFR mutations were assessed on ctDNA
by a RT PCR: the Easy EGFR, Diatech Pharmacogenetics,
was the kit used to detect the main mutations of exons
18-21 of EGFR gene.

In the second phase, we performed a liquid biopsy
only in patients with EGFR mutation detected on tissue
analysis. Until April 2018, the blood analysis continued
to be done at baseline in order to further confirm the
validation of the test, and it was performed in all EGFR
positive patients progressing after first or second gen-
eration TKIs to detect T790M resistance mutation in
ctDNA. A tissue re-biopsy was performed when plasma
T790M was negative. In addition, a tissue re-biopsy was
also proposed to those T790M+ patients who had a site
of disease easily accessible. As in the first phase, the de-
gree of concordance between EGFR mutational analysis
in blood and on tissue was evaluated. The T790M detec-
tion rate and the percentage of rebiopsy performed at
disease progression following first-line treatment were
also reported.

Written informed consent was obtained from all
patients. The liquid biopsy consisted in 4 tubes of blood
(7 mL each) containing EDTA as anticoagulant. Consid-
ering the short half-life of ctDNA, the plasma was sepa-
rated from the blood cells by low-speed centrifugation
(1200 x g for 15 min) at 4°C within 1 h after specimen
collection. The liquid samples were stored at -80°C un-
til ctDNA extraction or immediately analyzed, with the
result available within 72 h.

Statistics

Descriptive statistics were used to report patient
characteristics and results. The concordance between
EGFR mutational analysis in blood and on tissue both
before first-line treatment and after disease progres-
sion were reported as percentage. The detection rate
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of T790M and the number of rebiopsies performed at
disease progression following first-line treatment were
reported as percentage too. Sensitivity and specificity of
T790M detection were calculated.

Results

Between April 2015 and April 2016, analysis
of tumor tissue and on blood was performed in 18
patients (M/F=9/9) with a median age of 65 years
(range 42-78). EGFR mutations were detected in
9/18 patients: 6 cases of exon 19 deletions (5 E746-
A750 del, one E747-T751 del) and 3 cases of exon
21 substitution (L858R) (Table 1). Analysis of EGFR
mutations on ctDNA showed a 100% concordance
with tissue detection. Based on these data, the test
was considered as internally validated, and became
a standard method to detect EGFR mutations.

In the second phase of the study, data from
a consecutive series of 36 patients was analyzed.
These patients underwent liquid biopsies before
and/or after treatment with EGFR TKIs, between
April 2015 and December 2018 (Table 2). Among
19 patients (51.4%) evaluable for baseline EGFR
expression on liquid biopsy, no patient showed
T790M mutation. The EGFR mutation concord-
ance between ctDNA and tissue was 79% (15/19),

Table 2. Patient and disease characteristics

Characteristics All patients (n=36)

n (%)

Age, years

Median 69

Range 41-82
Sex

Male 12 (33.4)

Female 24 (66.7)
Smoking history

Never 24 (66.7)

Former 8 (22.2)

Current 4(11.1)
Histology

Adenocarcinoma 36 (100)
EGFR mutation

Ex 19 deletion 25 (69.4)

L858R 10 (27.8)

L861Q 1(2.8)
Stage

v 36 (100)
First line EGFR TKI

Gefitinib 9 (25)

Erlotinib 18 (50)

Afatinib 9 (25)
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Table 3. Concordance between tissue and liquid biopsy
T790M detection

T790M+ T790M-
Before first line treatment
Tissue 0 19
Liquid biopsy 0 19
Concordance 100% 100%
After disease progression
Tissue 5 3
Liquid biopsy 1 8
Concordance 20% 37.5%

One patient underwent rebiopsy at progression, but material showed
poor cellularity for EGFR analysis

while in the remaining 4 patients it was not found
(3 patients) or it was not evaluable (1 patient), due
to inadequate tissue availability. At TKIs progres-
sion, liquid biopsy was performed in 29 patients
with T790M detection in 44.8% of the cases (13
patients). Among these 29 patients a tissue rebi-
opsy was performed in 31% of the cases (9 patients)
with 5 patients showing T790M mutation: the
liquid biopsy was concordant only in one patient
(Table 3). Therefore, the overall positivity rate (on
tissue plus on plasma) of T790M was 58.6% (17/29
patients). Sensitivity and specificity were 76 and
75%, respectively.

Discussion

Our study confirmed the reliability of liquid
biopsy in the detection of EGFR mutations in
NSCLC patients treated with EGFR TKIs in first-
and second-line setting according to clinical prac-
tice. Liquid biopsy represents one of the greatest
achievements in thoracic oncology in recent years.
In EGFR mutant lung cancers, ctDNA may be used
to detect sensitizing mutations, to monitor the
response to treatment and to identify resistance
mechanisms as T790M [28-30]. The detection of
EGFR mutations in ctDNA also depends on the bur-
den of disease: a study including several cancer
types reported a ctDNA detection rate of 82% in
patients with stage IV disease in comparison with
47% in patients with stage I disease [31].

Moreover, other biological fluids such as sa-
liva, urine and cerebrospinal fluid were also used
to detect EGFR mutations [32].

The ctDNA may be detected by various as-
says that have different sensitivity, specificity ad
concordance profiles. Traditional assays such as
Sanger sequencing or Pyrosequencing are not sen-
sitive enough to detect EGFR mutations in ctD-

NA, with a detection limit ranging from 1 to 10%.
Therefore, alternative assays have been developed
[33-35]. Cobas, Therascreen and amplification re-
fractory mutation system (ARMS)/Scorpion assays
have a detection limit of 1-3% [35,36], that may be
lower to 2% with Peptide Nucleid Acid (PNA) medi-
ated PCR and PNA-locked nucleid acid (PNA-LNA)
[37]. Digital PCR and Beads Emultions Amplifica-
tion and Magnetics (BEAM) can detect mutations
in ctDNA at frequencies as low as 0.01%. [35,38,39].

In our study, we used a RT PCR to assess EGFR
mutations in ctDNA, with results available within
72 h. A multicentric study demonstrated a robust
interlaboratory performance and reproducibility of
a RT PCR EGFR mutation test (cobas EGFR Muta-
tion Test v2) to detect EGFR variants in plasma [40].
Besides, a prospective study used a RT PCR assay
to screen EGFR mutations in ctDNA of advanced
NSCLC patients, whose tissue was not available or
insufficient for biomolecular characterization: 113
(11%) of 1033 of patients showed EGFR mutated
at baseline; 105 were screened after progression to
EGFR TKIs, maintaining sensitizing mutation in
56.2% of the cases and developing T790M in 35.2%
[41]. In the first phase of our study we reported a
100% concordance between EGFR detection in
blood and on tissue, therefore the test was validat-
ed, becoming a reliable method mainly when avail-
able tissue is insufficient for biomolecular analysis.

In the second phase, baseline liquid biopsy
continued to be proposed before starting first-line
treatment, reporting a concordance of 79% between
ctDNA and tissue, while 29 patients underwent
liquid biopsy after disease progression and 13 of
them became T790M positive, with a detection rate
of 44.8%. Considering the T790M positivity after
rebiopsy, the overall positivity rate of T790M was
58,6% (17/29 patients), with high sensitivity and
specificity (76 and 75%, respectively).

Our data are in line with both retrospective
and prospective analyses of concordance between
790M detection in ctDNA and on tissue [42-44].
Therefore, the National Cancer Comprehensive
Network (NCCN) and ESMO (European Society
of Medical Oncology) guidelines recommend per-
forming a rebiopsy if the plasma test is negative,
while liquid biopsy represents an option when the
disease progresses and tumor tissue is not avail-
able or the tissue biopsy is not feasible. [45,46].
The present paper confirms that only the plasma
negativity for the T790M is insufficient to identify
patients who could potentially benefit from osimer-
tinib treatment.

Liquid biopsy has expected to have a role also
in the identification of resistance mechanisms to
third-generation EGFR TKIs [47].
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Recent data suggests an important role of
liquid biopsy also in the evaluation of ALK (Ana-
plastic Lymphoma Kinase) mutations and PDL1
(Programmed Death Ligand 1) expression in lung
cancers. Specifically, ALK resistance mutations
may be detected in ctDNA of patients treated with
ALK inhibitors [48], while PDL1 status may be eval-
uated by using CTCs and circulating white blood
cells considering the correlation with PDL1 status
in tumor tissue [49]. Besides, ctDNA may be used to
measure the tumor mutation burden, whose levels
correlate with clinical benefit from immunotherapy
[50].

A literature review of American Society of
Clinical Oncology (ASCO) and the College of Amer-
ican Pathologists confirmed the clinical utility of
ctDNA assay in lung cancer, while no evidence of
clinical utility and validity of ctDNA was reported
in most of cancers, particularly for screening, treat-
ment monitoring, and detection of residual disease
[51]. Therefore, the liquid biopsy has expected to
give great impulse to translational research in lung
tumors, providing a new source for cancer bio-
markers and adding new dimensions in advanced
clinical trials [52]. In particular, the identification
of prognostic factors by liquid biopsy represents
one of the most intriguing research areas: a recent
study reported the association between CTCs and
PFS in patients with EGFR T790M-positive NSCLC
following disease progression on EGFR, TKI [53].

Our study presents a lot of limitations. First of
all, the study was a monocentric experience, with
high risk of selection bias. Second, the number of
patients included in the analysis was low. In this
view it is worth to note that the grade of concord-
ance between blood and tissue analysis decreased
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lecular biology.
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detect sensitizing and resistance EGFR mutations
in the blood of patients with advanced lung adeno-
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first- and second-generation EGFR TKIs. In partic-
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molecular analysis and a re-biopsy is difficult to
perform.
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