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Abstract

Purpose Monitoring mutation status in circulating free DNA (cfDNA) during target therapy could hold significant clinical
importance in non-small cell lung cancer (NSCLC). Our aim is to establish if EGFR mutational status change on cfDNA
has predictive value that can impact clinical management of NSCLC patients care.

Methods This study included 30 patients with EGFR-mutated NSCLC. Blood samples were collected at diagnosis (T0) and
in 19 patients during therapy (T1).

Results Concordance between TO and T1 EGFR mutation status for patients evaluable for both samples (n=19) was 79%,
with a sensitivity of 100% (95% CI: 55.5-100.0) and specificity of 60.0% (95% CI: 26.2-86.8). For the patients in oncological
therapy with targeted drug and with T1 sample available (n = 18), survival outcomes were evaluated. For both mutation-
negative TO and T1 patients, 12-month progression-free survival (PFS) was 66.7% (95% CI: 27.2-100.0) and 12-month
overall survival (OS) was 100% (95% CI: 1.00-1.00); for patients mutated both at TO and T1, PFS was 22.2% (95% CI:
6.5-75.4%) and OS was 55.6% (95% CI: 20.4-96.1%).

Conclusion EGFR mutation status can be assessed using cfDNA for routine purposes and longitudinal assessment of plasma
mutation is an easy approach to monitor the therapeutic response or resistance onset.
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Introduction

Most lung cancers (85%) are classified as Non-Small Cell
Lung Cancer (NSCLC) and most NSCLC patients are at
an advanced stage when diagnosed (Testa et al. 2018). The
study of the molecular characteristics of lung tumors has
highlighted a specific role of some genes that represent
important therapeutic targets, including EGFR (Epidermal
Growth Factor Receptor) (Rodgers 2014). In NSCLC (in
particular in 10-15% of adenocarcinomas of Caucasian
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patients and in 40% of Asian patients), activating EGFR
mutations have been identified for exons 18, 19, 20 and 21,
the presence of which represents the most important pre-
dictive factor for the adoption of molecular target therapies
with specific EGFR tyrosine kinase inhibitors (EGFR-TKI)
(Marchetti et al. 2015). On the other hand, the point muta-
tion in exon 20 (T790M) indicates resistance to EGFR-TKIs
and poor prognosis (Wang et al. 2016).

Surgery is the elective treatment in the early stages of
disease; resections are indicated only with curative intent,
where tumor removal can be achieved with a surrounding
healthy margin of tissue, histologically confirmed. Since
most NSCLC patients are diagnosed at an advanced stage,
surgery is no longer possible and it is hard to get sufficient
tissues for molecular testing (Luo et al. 2014). At least 8 ran-
domized phase III studies have shown, in patients suffering
from advanced NSCLC with EGFR mutation, superiority
in patients on oral treatment with an EGFR tyrosine kinase
inhibitor such as gefitinib (250 mg/day), erlotinib (150 mg/
day) or afatinib (40 mg/day) in the first line of treatment
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compared to standard platinum-based chemotherapy, in
terms of both response rate (RR) and progression-free
survival (PFS) (Han et al. 2012; Mitsudomi et al. 2010;
Maemondo et al. 2010; Zhou et al. 2011; Goto et al. 2012).
Osimertinib is a third-generation EGFR-TKI that targets spe-
cifically the T790M-mutated cells; T790M is a resistance
mutation that is found in nearly 50% of patients under first-
line TKI treatment after a year. Its superiority over platinum-
based treatment in terms of PFS, overall response rate (OR)
and duration of response (DOR) has been demonstrated in
the AURA 3 trial (Mok et al. 2016). Several studies have
been carried out to assess the cases in which the EGFR
gene mutation was present both in the blood sample and in
the tissue finding, but the diagnostic accuracy has always
revealed very wide range variation. The sensitivity for the
analysis of circulating free DNA (cfDNA) ranges from 17
(Kim et al. 2013) to 100% (Punnoose et al. 2012; He et al.
2009), while the specificity fluctuates between 71.4 (Kimura
et al. 2006) and 100% (Goto et al. 2012). The great variabil-
ity that characterizes the different studies can be explained
using different cfDNA laboratory extraction and sequencing
procedures. Also, the dimensions of the tissue sample influ-
ence the sensitivity and specificity data (Sun et al. 2015).
Two large meta-analysis studies (Qiu et al. 2015; Luo et al.
2015) were conducted to compare cfDNA with tumor tissue
in terms of diagnostic accuracy for EGFR mutations. Both of
these studies found that cfDNA has a high diagnostic accu-
racy to identify EGFR mutations in NSCLC patients. Both
in these studies, the sensitivity of cfDNA has been shown
to be 67.4% and 62%, respectively, and the specificity of
93.5% and 95.9%, respectively (Sun et al. 2015). Consider-
ing these data, the cfDNA is an attractive approach with a
high specificity/sensibility to investigate mutations of the
EGEFR for treatment purposes. As the clinical need to quickly
identify the proper patients for the proper treatment espe-
cially in NSCLC is crucial, the aim of the present study was
to provide the importance of clinical use in a daily practice
of liquid biopsy (LB) in NSCLC treatment.

Materials and methods
Patients

This is a retrospective, monocentric study, conducted on
30 patients with NSCLC treated at the Oncology Unit of
Azienda Sanitaria Universitaria Integrata (ASUI) of Tri-
este (Italy), in the period between December 2016 and May
2019. Last follow-up update was on 21 May 2019. Patients
with NSCLC, all of whom tested positive for mutational
analysis of the EGFR gene at histological/cytological first
evaluation (baseline), with signed informed consent, were
included in the analysis.
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Diagnosis and molecular test of EGFR status

To perform the mutational comparison between the basal
cell/tissue and the cfDNA analysis performed on liquid
biopsy, the blood sampling (approximately 10 ml in EDTA
tubes) has been taken at the same time of diagnosis or
before starting the target treatment (TO). Patients who
underwent surgical removal of tumor (Mitsudomi et al.
2010) performed LB at time of progression as no adjuvant
treatment nor more mutational analyses were needed after
surgery.

A second blood sample (T1) was proposed for patients
who had been on therapy for at least 4 months and/or,
according to clinician opinion and/or unclear CT results,
had shown early signs of clinical disease progression
(n=19) to evaluate potential changes of the mutational
status of EGFR during treatment. The LB has been per-
formed at the same time of the CT scan to correlate the
EGFR status with the disease with response/resistance to
treatment.

Extraction, purification and concentration of circulat-
ing free DNA (cfDNA) were performed from 1 to 5 ml of
plasma with “Helix Circulating Nucleic Acid kit” (Diat-
ech Pharmacogenetics) within 60 min from blood with-
drawal. The detection analysis has been performed with
100 pl by real-time PCR using the “Easy EGFR kit” or the
“EasyPGX® ready EGFR” kit (Diatech Pharmacogenet-
ics). The kit allows the detection of the principal muta-
tions, deletions or insertion on exons 18, 19, 20 and 21 of
EGFR gene with a sensitivity of up to 0.5%.

Statistical analysis

The clinical-pathological characteristics of the study
population were described by means of + standard devia-
tion (SD) or median and range (minimum-maximum) for
continuous variables, while with absolute and percent-
age frequencies for categorical variables. The association
between presence or absence of mutation and the categori-
cal variables of interest (type of mutation, type of with-
drawal and clinical response of the patient) was evalu-
ated by Fisher’s exact test. The proportions test was used
to compare the difference in the percentage of mutated
patients at baseline and the first plasma sample. The com-
parison of the mutational status between TO and T1 was
performed with the Mc-Nemar test for paired data and
the degree of agreement was evaluated by Kappa index of
Cohen (Landis and Koch 1977). For the patients in onco-
logical therapy with targeted drug and with T1 sample
available (n=18), progression-free survival (PFS) and
overall survival (OS) were evaluated: PFS was defined
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as the time from the beginning of the therapy to the
date of the first progression and OS was defined as time
between end of therapy and time of death or date of last
visit for living patients. PFS and OS were estimated using
the Kaplan—Meier method and the differences between
the groups were tested using the Log-rank test. OS in
% and PFS in % express, respectively, the percentage of
patients alive and the percentage of patients free of dis-
ease at a specific time point. All statistical analyses were
performed using the statistical software R (the R Foun-
dation for Statistical Computing; Version 3.5.0) and the
software STATA 14.2 (StataCorp, College Station, TX).
P value values less than 0.05 were considered statistically
significant.

Results

All 30 patients included in the study had been diagnosed
with NSCLC, stages I-IV, the vast majority of them being
diagnosed already as metastatic. EGFR target therapy pre-
scription is limited to advanced stages of NSCLC; therefore,
all the patients included in the liquid biopsy analyses had

Table 1 Baseline characteristics of NSCLC patients

N %

Gender

Female 23 76.6

Male 7 23.3
Age

> 60 years 25 83.3

<60 years 5 16.7
Age, years (mean +SD) 69.58 +10.63
Smoke

Smoker 3 10.0

Non-smoker 19 63.3

Ex-smoker 4 13.3

NA 4 13.3
Stage of disease at diagnosis

1A2 1 33

1B 1 33

1B 1 33

1A 1 33

1B 2 6.6

1c 1 33

v 20 66.6

NA 3 10.0
Histopathology

Adenocarcinoma 30 100

SD standard deviation, NA not available

either progressed or already had a stage IIIA-IV disease;
clinical characteristics are reported in Table 1.

Baseline EGFR mutational analyses were performed
using cytological samples in 7 patients (23.3%), on tissue
biopsy in 16 patients (53.3%) and on sample after surgery
on 7 patients (23.3%).

In 18 out of 30 patients (60%), the mutation detected
at baseline was also confirmed on the cfDNA; while in 12
patients (40%), the mutation at baseline was not detected
on the corresponding cfDNA (Table 2). The sensitivity of
mutation status detection between baseline tumor and TO
samples for patients evaluable for both samples was 60.0%
(95% CI: 41.0-77.0%).

Comparing the analysis performed on cell/tissue ver-
sus cfDNA, we noted the absence of mutation is associ-
ated with the type of mutation itself (see Fig. 1). Discord-
ance between the absence of detection of the mutation was
greater in patients carrying the exon 21 mutation (9 out of 14
patients, 64.3%) than with the deletion of exon 19 (2 out of
14 patients, 14.3%) or mutation in exon 20 (1 of 2 patients,
50.0%) (p=0.02, Fisher Exact test).

Of the 7 patients with baseline mutational analysis on the
surgical sample, 3 had stage IV disease, and one each had
stage IB, IA2, IIIA, one patient had no available information
on stage. Stage at diagnosis for the 23 patients with baseline
mutational analyses on biopsy (histological or cytological)
was not available for 2 patients, one patient had IIB and one
IIIC stage, 2 patients had IIIB and 17 patients had stage IV
disease.

Patients with a mutation detected at baseline with FNA
or biopsy showed the same mutation detected on cfDNA
(n=5,71.4% and n=11, 68.8%, respectively); On the other
hand only 2 out of 7 patients with a surgical mutated tissue
confirmed the mutation on cfDNA (28,6%). Thus, overall,
a trend association is observed between samples (FNA and
biopsy versus surgery) on which the mutation at baseline
was performed and the mutational state at TO (p =0.08,
Fisher Exact test).

Moreover, a mutational analysis on cfDNA was per-
formed on 19 patients (63.3%) during treatment with anti-
EGFR-TKI. In 9 out 19 patients, the same mutation was
detected in TO and in T1; while in 4 patients, we found a

Table 2 EGFR mutations status for tissue samples and TO

EGFR mutation status Tissue samples TO

N (%) N (%)
Deletion 19 14 (46.7%) 12 (40.0%)
Exon 21 (L858R) 14 (46.7%) 5(16.7%)
Addition Exon 20 2(6.7%) 1(3.3%)
Mutation Negative 0 (0.0%) 12 (40.0%)
Total 30 30
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Fig. 1 EGFR mutation status
summary for tissue sample
versus TO circulating free DNA
(patients evaluable for both
samples, n=30)

COHORT:
30 EGFR MUTATION DETECTED

Deletion 19
n=14

=1
=

| |

n=12 n=2
CONFIRMED MUTATION
Deletion 19 NEGATIVE

change from mutation to no mutation detected during the
therapy. No change from no mutation to mutation has been
detected during the two time points and in 6 out 19 patients,
no mutation has been detected, neither in TO nor in T1.

All of the patients that had a confirmed mutation on
T1 (9, 100%) are in a progression state (p =0.003, Fisher
Exact Test). The percentage decreases both for patients not
mutated on both samples (2, 33.3%) and for mutation-nega-
tive patients (1, 25%) (Table 3).

In the survival analysis were only included patients
who received EGFR-TKI therapy (22, 73.3%): 10 patients
received gefitinib, 8 afatinib and 4 erlotinib. Moreover, two
of the 22 patients had progressive disease prior to EGFR-
TKI treatment and received first-line therapy; other two
patients did not have second blood withdrawal available,
and were, therefore, excluded from survival analysis. We
compared the Progression-Free Survival (PFS) curves
between three groups: no mutation detected at both TO and
T1 (n=5, median PFS has not yet been reached—more than
half of patients were still living), mutation on both plasma
samples (n=9, median PFS =7.97 months), mutated on
TO but with no mutation detected on T1 (n =4, median
PFS =7.27 months) (Fig. 2). Patients without mutation
detection at both time points showed the longest PFS at

Exon 21 Addition Exon 20
n=14 n=2
—
NE: —
| \ \
nWeS n=9 n=1 n=1
CONFIRMED ~ MUTATION CONFIRMED MUIALION
Exon 21 NEGATIVE Addition Exon 20 NEGATIVE

12 months (66.7%, 95% CI: 27.2-100%); whereas, patients
who maintained a mutation during treatment showed the
shorter PFS (22.2%, 95% CI: 6.5-75.4%). Patients with a
discordance in the mutational status detected on cfDNA
on the two time points showed an intermediate situation in
terms of PFS at 12 months (50.0%; 18.8-100%).

The median OS at 12 months was 18.21 months (95% C.1.:
7.97-NA) with 12 events occurring as reported in other stud-
ies on EGFR-mutated NSCLC patients treated with target
therapy (Douillard et al. 2014). Patients whose basal muta-
tion was confirmed by liquid biopsy at TO (n=13), had a
12 months OS of 53.8% (95% CI: 26.7-74.7%) with a median
OS of 13.2 months. On the other hand, all of the patients with
a discordance between cyto/histological and plasma muta-
tion (EGFR mutation not detected on TO) were alive at the
12th month of follow-up (n=5; OS 100%; 95% CI: 100-100)
(p=0.02, Log-Rank test). The overall survival at 12 months
was then evaluated between basal and T1 mutation. The OS
was 88.9% (95% CI: 43.3-98.4%) for patients (n=9) who did
not reveal the mutation at T1 and decrease significantly to
55.6% (95% CI: 20.4-80.5%) in patients (n=9) mutated both
at basal and T1 (p=0.004). Lastly, the OS was evaluated in
relation to mutation status between TO and T1 (Fig. 3). The 5
patients who resulted negative both at TO and T1 were all alive

Table 3 Distribution of patients respect to concordance/discordance between mutational status detection at TO and T1 and between therapy

response evaluation

Mutational status on TO and T1 n PD SD 12-month PES (95% CI) 12-month OS (95% CI)
Mutation at TO—mutation at T1 9 9 0 22.2% (6.5-75.4%) 55.6 (20.4-96.1%)
Mutation at TO—no mutation at T1 4 50.0% (18.8-100%) 75.0% (12.8-96.1%)
No mutation at TO-no mutation at T1 6% 2 4 66.7% (27.2-100%) 100% (1.00-1.00)

PD progressive disease, SD stable disease, PFS progression-free survival, OS Overall survival

*5 are included in the survival analysis: one patient excluded because of progressive disease prior to EGFR-TKI treatment and received first-line

therapy
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Fig.2 Kaplan—Meier progres-
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Fig.3 Kaplan—Meier overall
survival (OS) curves for patients
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at 12 months (OS =100%, 95% CI: 100~100); 4 patients who
had a positive TO but negative T1 registered an intermediate
OS (75.0%, 95% CI: 12.8-96.1%) and 9 patients who tested
positive both at TO and T1 had a 12-month OS of 55.6% (95%
CIL: 20.4-96.1%). Differences between groups were statisti-
cally significant (p=0.01). Table 3 clarifies the distribution
of patients based on concordance/discordance between muta-
tional status detection at TO and T1, therapy response evalua-
tion and 12-month PFS and OS.

«w  No mutationbothatTOandT1
Mutation both at TO and T1
Mutation at TO and no mutationat T1

I ] I | 1

0 5 10 15 20
Months
Number at risk
5 5 5 4 1
9 9 6 4 1
4 4 3 2 1
Discussion

Onset of drug resistance in NSCLC EGFR-mutated
patients undergoing first-line tyrosine kinase inhibi-
tors treatment usually occurs between 9 and 12 months
of therapy (Chen et al. 2019), which leads to the need
to follow as closely as possible the evolving of the dis-
ease. The distribution of the mutations’ frequency and the
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sensitivity, understood as the detection rate of the liquid
biopsy for the mutational structure, were comparable to
literature data (0.61; 0.50-0.71, 95% CI) (Qiu et al. 2015;
Luo et al. 2015). Real-time PCR, despite being often seen
as an outdated technique, guarantees reproducibility and
applicable and expendable standards in clinical practice.
On the other hand, it limits the analysis to the region of
interest of the EGFR gene and does not allow detection of
rare mutations. There was a reduced relationship between
the mutation present at baseline on the surgically excised
tissue and that identified in the plasma. A hypothesis that
could possibly explain this difference lies in the therapeu-
tic choice, as the surgery itself. The absence of mutation
at the cfDNA plasma indicates that the surgery has effec-
tively eradicated the tumor or that the number of tumor
cells, responsible for releasing the tumor DNA into the cir-
culation, has decreased to the point that they are undetect-
able. Furthermore, patients not eligible for surgery have
generally higher stage disease (metastatic stage in 18 out
of 23 patients); this is an indication of a more aggressive
disease and higher tumor burden that can justify the higher
concordance between basal and liquid mutation detection
in respect to analysis performed on surgical samples.

All patients for whom EGFR mutation was identified in
plasma assessment both at TO and T1 are in a state of dis-
ease progression (PD) (9, 100%), while the percentage of
progressive disease falls both for patients who preserved
a no-mutation-detected profile (2, 33.3% of PD) and for
those who had a first mutated profile but changed to no
mutation detected in the second sample (1, 25%).

The evaluation of the second plasma sample allows the
evaluation of the response to treatment and the possible
insurgence of any mutations responsible for resistance to
therapy. In 2 patients, it was identified the positivity to
the T790M mutation of exon 20, a factor involved in the
mechanisms of resistance to anti-EGFR generation I and
IT drugs and that makes the patient eligible for treatment
with an anti-EGFR-TKI of third generation, osimertinib.

In terms of PFS, patients who changed their mutational
profile (on LB) from mutated to no mutation detected had
a worse prognosis than the patients whose mutation is
not detected in TO and 2 but a better prognosis in respect
to those who maintained the mutation over time. Due to
the small samples size of the analyzed cohort, the results
were not statistically significant; however, patients with
both TO and T1 EGFR mutations showed a trend for worse
progression-free survival compared to patients without
EGFR mutations detected on ctDNA (p =0.14, Log-Rank
Test). Similarly, the detection of a plasma mutation held a
negative prognostic value in terms of OS. Indeed patients
whose mutation is detected at both plasma timepoints reg-
istered the lowest OS (55.6%, 95% CI: 20.4-96.1%). All
of the patients who maintained a status of no mutation
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detection on liquid biopsy were alive at time of analysis.
This preliminary study showed that the “non-detection”
of EGFR mutation by LB during target treatment fosters a
longer survival, and that the earlier the negativization of
the mutation detection, the better the prognosis.

Therefore, even with the limitation due to the small num-
ber of patients included in this preliminary analysis, the
negativization of the EGFR mutation evaluated by liquid
biopsy at a second plasma sampling seems to coincide with
a prognostic improvement.

Conclusion

The results obtained and the high concordance between
cyto/histological and liquid evaluation (60%, 95% CI:
41.0-77.0%) described in this study allow us to state that lig-
uid biopsy (LB) today is a valid technique to use in clinical
routine. At the present time, international guidelines allow
prescription of first-line EGFR-TKI therapy based only
on LB in those patients for whom a surgical procedure or
biopsy is infeasible, or the amount of tumor tissue is scarce
(Rolfo et al. 2018).

The status and modification of EGFR mutations and
the occurrence of new mutations related to drug resistance
during therapy with anti-EGFR-TKI drugs determined on
cfDNA showed a correlation with PFS and OS. Indeed, the
negativization of the plasma mutation detection was consist-
ent with a longer PFS and so with a better prognosis. The
main limitation of this study is the low number of patients.
If these data would be confirmed on a larger scale, monitor-
ing EGFR mutation via liquid biopsy in NSCLC patients,
particularly in advanced stages, could give the clinician a
prediction on treatment response, disease progression and
survival itself, fostering a modified scheduled monitoring
based on plasma mutational status. Therefore, we endorse
the use of cfDNA EGFR liquid biopsy as a validated instru-
ment of clinical significance.
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