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Background: Analysis of circulating free DNA (cfDNA) by the real-time PCR cobas® EGFR Mutation
Test v2 (cobas® EGFR Test) is a diagnostic approach used in clinical practice for the characterization of
advanced non-small cell lung cancer (NSCLC) patients. The test additionally outputs a semiquantitative
index (SQI) which reflects the proportion of mutated versus wild-type copies of the EGFR gene in cfDNA
with potential use as a biomarker. CIDNA concentration and cfDNA fragmentation pattern have also shown
potential utility as biomarkers for cancer patients. We evaluated the implementation of EGFR testing and
cfDNA related parameters in NSCLC patients in routine clinical setting as biomarkers for disease stage and
diagnosis.

Methods: A prospective cohort of 173 locally advanced or metastatic NSCLC TKI-naive patients analyzed
by the cobas® EGFR Test were included in the study. Reproducibility of the test was assessed in 56 patients.
The concentration of ¢fDNA and fragment size pattern was measured using fluorometry and microchip
electrophoresis respectively.

Results: The test showed high diagnostic accuracy when compared to the gold standard of biopsy tumor
tissue testing. The SQI value showed a moderate reproducibility (1°=0.70) and did not correlate with cfDNA
concentration (r’=0.17, P=0.28) or disease stage (stage III patients SQI =9.1+3.1 and stage IV patients SQI
=11.5+4.8, P=0.41). We found differences in SQI values according to the type of EGFR mutation (Ex19Del
mutations, SQI =13.6; p.L858R, SQI =8.88; P=0.001). Stage IV patients had higher concentrations of cfDNA
(P<0.0001) and higher fractions of ¢fDNA 100-250 base pairs (bp) fragments (P=0.01) compared to stage
III patients. From the ROC curve analysis, cfDNA concentration showed higher AUC compared to ¢fDNA
100-250 bp fragments (0.86 vs. 0.71). We obtained a cut-off value for cfDNA concentration of 20.3 ng/mL
with 72.3% sensitivity and 95% specificity for predicting disease stage in TKI-naive advanced NSCLC
patients.

Conclusions: The study indicates that ¢fDNA analysis in plasma for EGFR testing by RT-PCR is an

accurate and fast method to initially stratify NSCLC patients in a real-world clinical setting. However, the
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SQI has limited clinical value. The ¢fDNA concentration and fragmentation pattern have clear potential

clinical utility for tumor staging in NSCLC patients.
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Introduction

Lung cancer, which is one of the most frequent and lethal
cancers worldwide (1), has traditionally been classified,
based on clinical-histopathological characteristics, into
the non-small cell lung carcinoma (NSCLC) subgroup,
including adenocarcinoma, squamous cell carcinoma, and
large cell carcinoma; and the small cell lung cancer (SCLC)
subgroup. The NSCLC and SCLC subgroups correspond
to 85% and 15% of all lung cancers respectively (2).

Recently, advances in the understanding of the molecular
bases of lung cancer have promoted a new classification
based on molecular profiling (2). Mutations in the epidermal
growth factor receptor (EGFR) gene are common driver
events in lung adenocarcinomas (3) with the prevalence of
EGFR mutations ranging from 14.1% in European patients
to 38.4% in Asian patients. Treatment with EGFR tyrosine
kinase inhibitors (TKIs) is the standard-of-care in first-line
therapy for NSCLC patients with EGFR mutant tumors.
While several generations of TKIs have considerably
improved the prognosis of the disease (4), patients
ultimately develop resistance to TKI treatment. The
acquisition of the p. T790M EGFR mutation is a common
mechanism of resistance observed in 50% of patients treated
with first and second-generation TKIs (5). Osimertinib, a
third-generation TKI, is the standard of care in patients
with an acquired p. T790M EGFR mutation. To date, several
clinical guidelines recommend testing for EGFR mutations
in all advanced NSCLC patients, independently of the
clinical characteristics, to identify those patients most likely
to benefit from targeted EGFR inhibition (6). In addition, a
new biopsy is strongly advised at the time of progression to
first-line EGFR TKIs to rule out the targetable p. T790M
mutation (7).

Tumor tissue is the gold standard for the molecular
characterization of NSCLC tumors. However, up to
60% of patients do not have a biopsy sample suitable for
molecular analysis (8). Furthermore, tissue biopsies are
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obtained by invasive procedures that increase the risk of
adverse events, and genotyping possibilities are limited due
to inter- and intra-tumor heterogeneity (9). To overcome
these limitations, circulating free DNA (¢fDNA) in serum
or plasma has emerged as an alternative and easily accessible
sample source. Clinical guidelines recommend EGFR
molecular testing of ¢fDNA from plasma in mutant EGFR
lung cancer patients when resistance develops or at diagnosis
when tissue availability is limited or difficult to obtain (7).
EGFR mutation analysis in ¢fDNA can be carried out by
distinct polymerase chain reaction (PCR) or next-generation
sequencing (NGS) methods, and its clinical utility has
mainly been evaluated in patients in clinical trials (10,11)
or by analyzing synthetic DNA (12-14). Although different
methods have shown differing sensitivity/specificity
and diagnostic accuracy, EGFR testing in plasma has proven
to be a reliable substitute for tissue testing (10,15-20).
The cobas® EGFR Mutation Test v2 (cobas® EGFR Test)
(Hoffman-La Roche Ltd, Basel, Switzerland) is an FDA
and CE approved real-time PCR test currently used in the
clinical setting to analyze specific target EGFR mutations
in metastatic NSCLC patients (12,21). The test provides a
semiquantitative index (SQI), which reflects a trend for the
proportion of mutated versus wild-type copies of the EGFR
gene in the cfDNA (8).

cfDNA is comprised of short nuclear DNA fragments
of variable length that are released into plasma and other
biological fluids by stromal and tumor cells (circulating
tumor DNA; ctDNA). Although the biology of ¢fDNA
is poorly understood, apoptosis and necrosis have been
established as the major mechanisms of release. Higher
concentrations of cfDNA have been found in lung cancer
patients compared to healthy individuals (22,23). In
addition, levels of both ¢fDNA and ctDNA have been
associated with disease prognosis and relapse, highlighting
their potential clinical utility (24,25).

The length of cfDNA fragments has been associated with
the mechanism of their release. While apoptosis promotes
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the release of DNA fragments of approximately 180 base
pairs (bp) or multiples thereof, necrosis produces larger
fragments. Moreover, fragments between 1,000-3,000 bp
are associated with active release processes (26). In
contrast to total cfDNA levels, the significance of cfDNA
fragmentation pattern has been less explored in the clinical
context. Recent studies in advanced pancreatic cancer
patients (27) and breast or prostate cancer patients (28),
however, suggest that the cfDNA fragmentation pattern
may provide diagnostic and prognostic value in cancer
patients.

In this report, we evaluate the utility of molecular
cfDNA characterization of advanced or metastatic NSCLC
TKI-naive patients in a routine clinical setting, using EGFR
mutation testing and analysis of the concentration and
fragmentation pattern of cfDNA.

We present the following article in accordance with
the STARD reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-3142).

Methods
Patient enrollment

The study includes a prospectively recruited cohort of 173
NSCLC patients referred for plasma EGFR molecular
testing at Hospital Clinic, Barcelona, between 2017 and
2020. At the time of inclusion, all patients were diagnosed
with locally advanced or metastatic NSCLC and were TKI-
naive. Clinical data such as gender, age, tumor histology,
disease stage, smoking status and molecular status of EGFR
in tissue biopsy were obtained from their medical records.

The protocol was approved by the Hospital Clinic Ethics
Committee (approval registration HCB/2016/0889) and
was conducted in accordance with Declaration of Helsinki
(as revised in 2013). Written informed consent was obtained
from all patients.

Isolation of (fDNA from plasma

For ¢fDNA analysis, peripheral whole blood was collected
from each subject in a 5 ml EDTA-K2 tube. When possible,
two blood extractions were taken from each patient in order to
evaluate the reproducibility of the test. After 15 to 20 minutes
at rest in an upright position at room temperature, samples
were centrifuged at 1,600 g for 10 minutes to collect 2 mL
of plasma, which was transferred to a clean sterile tube.
After a second centrifugation at 16,000 g for 10 minutes,
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plasmas were stored at =20 °C. The entire procedure is
completed within three hours of blood extraction. The
cfDNA was isolated using the cobas® ¢cfDNA Sample

Preparation Kit as per the manufacturer’s instructions.

Determination of fDNA concentration and fragment size

The concentration of eluted cfDNA was measured using
a Qubit 4 Fluorometer. The ¢fDNA fragment size for
each sample was determined by microchip electrophoresis
using an Agilent 2100 Bioanalyzer and the Agilent High
Sensitivity DNA. The Agilent 2100 Bioanalyzer software
was used to obtain the fraction of cfDNA and average size
corresponding to apoptotic DNA fragments (100-250 and
250-700 bp). The fraction of cfDNA fragment size and
cfDNA levels were obtained by individuals blinded to the

clinical data to reduce potential bias.

EGFR mutation analysis

Analysis of EGFR mutations in ¢cfDNA was performed by
the cobas® EGFR Test. The test allows the detection of 42
recurrent point mutations, deletions, and insertions located
in exons 18 to 21. The cobas® EGFR Test is a RT-PCR
assay designed to detect G719X substitution mutations in
exon 18, deletion mutations in exon 19, T790M and S7681
substitution mutations in exon 20, insertion mutations in
exon 20, and L858R and L861Q substitution mutations
in exon 21. However, the specific mutation found in each
sample is not displayed in the final test report. The cobas®
2480 software reports a SQI value. Mutation status from
tumor biopsy and the method used for the molecular
characterization was obtained from medical records. Both
plasma and tissue analysis were performed by individuals
blinded to the clinical data.

Statistical analysis

Analysis of ¢cfDNA concentration between groups was
carried out by non-parametric rank tests; Kruskal-Wallis
and Mann-Whitney U. Comparisons of the SQI of the two
most prevalent mutations were made using the Student’s
t-test. Correlation between SQI and ¢fDNA concentration
was carried out using the Spearman rank correlation test.
The chi square test was used to compare the prevalence of
EGFR mutations between groups. A simple linear regression
was made to determine the correlation coefficient between
the two vials of the same patient.
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Table 1 Demographic and clinical characteristics of the advanced
or metastatic NSCLC TKI-naive patient cohort

Characteristic N (%)
Age, years, median [range] 69 [24-91]
Gender
Male 89 (51.4)
Female 84 (48.6)
Smoking history
Current smokers 34 (19.7)
Former smokers 80 (46.2)
Never smokers 59 (34.1)
Histology and stage
ADK 140 (80.9)
Other lung cancer 33 (19.1)
ADK IlI 11(7.9)
ADK IV 129 (92.1)
Other lung cancers stage IlI 6 (18.1)
Other lung cancers stage IV 27 (81.8)

ADK, adenocarcinoma; n, sample size.

To evaluate concordance in molecular status between
tissue and plasma, only patients with both tissue and plasma
samples analyzed with less than two months difference
were selected. Sensitivity, specificity, positive predictive
value, negative predictive value, global accuracy, and 95%
confidence intervals were calculated as standard measures of
diagnostic test validity. Results were considered statistically
significant when the P value was <0.05. We calculate the
predictive capability for distinguishing stage III and stage IV
for the cfDNA concentration and integrity using receiver
operating characteristic (ROC) curve analysis, by identifying
the cut-off for both parameters for the detection of patients
with stage IV lung cancer with 95% specificity and maximal
sensitivity. All statistical analysis was performed using IBM
SPSS software (version 23).

Results

Association of clinicopathological characteristics to ¢fDNA
concentration and fragmentation pattern

We prospectively analyzed ¢fDNA from 173 advanced
or metastatic NSCLC TKI-naive patients. Among them,
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80.9% (140/173) were diagnosed with lung adenocarcinoma
(ADK) and 19.1% (33/173) with other histologies such
as adenoid cystic carcinoma, pulmonary pleomorphic
carcinoma, cancer of unknown primary, squamous cell
carcinoma or NSCLC-non-otherwise specified (NSCLC-
NOS). Stage III and IV represented 9.8% (17/173) and
90.2% (156/173) of cancer patients respectively. The
demographic and clinical characteristics of the patients are
shown in Table 1.

We assessed whether ¢fDNA concentration and
fragmentation pattern were associated with the clinical
characteristics of the patients (7uable 2). The ¢fDNA
concentration and fragmentation pattern were determined
in 99.4% (172/173) and 79.8% (138/173) of patients
respectively (Figure I).

The median ¢fDNA concentration detected among
patients was 28.3 ng/mL (range, 6.1-529). We did not
find any difference in cfDNA concentration among EGFR
mutant patients based on the type of EGFR mutation. We
found significant differences in the ¢fDNA concentration
among patients based on disease stage. Stage IV cancer
patients showed higher concentrations of ¢fDNA compared
to stage III patients (31 vs. 13.9 ng/mL; P<0.0001).
Such differences were observed among patients with
adenocarcinoma tumors as well as patients with other
histological subtypes.

The analysis of the fragmentation pattern was split
between the fraction of fragment sizes between 100-250 bp,
corresponding to nucleosome fragments; and the fraction
of fragment sizes between 250-700 bp, corresponding to
polynucleosome fragments. All patients showed cfDNA
in both size ranges with a median size of 175 and 438 bp
in each range respectively. Overall, the stage IV cancer
patients presented a higher fraction of 100-250 bp fragment
size compared to stage III cancer patients (43.0% wvs. 33.0%;
P=0.01, Figure 24). Among adenocarcinoma patients,
stage IV patients showed a higher fraction of 100-250 bp
fragment size but also 250-700 bp fragment size
(Figure 2B). These differences were not observed among
patients with other NSCLC tumors probably due to the
reduced sample size.

We evaluated the diagnostic utility of both ¢cfDNA
concentration and fraction of 100-250 bp fragment size
as biomarkers for the disease stage in NSCLC patients.
We performed ROC curve analysis to identify the cut-off
value for both parameters with 95% specificity and maximal
sensitivity. In our cohort of patients, 20.3 ng/mL of cfDNA
concentration and 50.5% of 100-250 bp fragment size were
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Table 2 Association of concentration of cfDNA and fragmentation pattern with clinicopathological characteristics in advanced or metastatic

NSCLC TKI-naive patients

Median cfDNA

Median cfDNA, 100-250 bp

Median cfDNA, 250-700 bp

Characteristics concentration (ng/mL) P value (%) (mean size + SD) P value (%) (mean size + SD) P value
Gender
Male 28.8 NS 39.0 (175.3+5.6) NS 17.0 (436.7+34.8) NS
Female 27.8 45.0 (174.1£4.9) 15.0 (423.9+58.3)
Smoking history
Current smokers 36.6 NS 43.0 (174.9+4.9) NS 15.0 (438.0+44.5) NS
Former smokers 26.0 38.0 (175.2+6.1) 17.0 (435.2+30.4)
Never smokers 33.1 44.0 (174.0+4.1) 16.0 (419.1+65.6)
Histology and stage of the
disease
ADK patients 27.1 NS 41.0 (175.0+4.8) NS 16.0 (429.0+50.0) NS
Other NSCLC patients 35.8 44.0 (173.8+7.1) 17.0 (437.7£34.7)
ADK IIl patients 13.1 <0.0001 245 (178.0+4.1) 0.008 10.5 (434.1+39.0) 0.02
ADK IV patients 29.0 41.0 (174.7+4.8) 16.0 (428.6+50.9)
Other NSCLC Ill patients 12.8 <0.0001 41.0 (179.824.2) NS 18.0 (448.6+8.10) NS
Other NSCLC IV patients 411 45.0 (172.3+6.9) 17.0 (435.0+38.3)
Al stage Ill patients 13.1 <0.0001 33.0 (178.7+4.1) 0.013 14.0 (439.7+31.0) NS
All stage IV patients 31.9 43.0 (174.3+5.2) 16.0 (429.6+49.0)

ADK, (adenocarcinoma); NSCLC, non-small cell lung cancer (includes non-adenoid cystic carcinoma, pulmonary pleomorphic carcinoma,

unknown primary side cancer, squamous cell carcinoma and NSCLC-non-otherwise specified); NS, no significant, P value.

the optimal cut-offs to detect stage IV cancer patients with
a sensitivity of 72.3% for cfDNA concentration and 36.8%
for fragmentation pattern. Although both parameters
reached statistical significance, the cfDNA concentration
showed higher AUC compared to the 100-250 bp fraction
(0.86% vs. 0.71%) (Tuble 3).

Characterization of EGFR mutations in ¢fDNA from
plasma

We analyzed the presence of EGFR mutations in cfDNA
in all patients. The median turnaround time for delivering
the EGFR mutation status to the clinicians was 7 days.
We detected EGFR mutations in 24.3% (42/173) of cases,
corresponding to deletions in exon 19 (14.5% of cases),
p-L858R mutation (7.5% of cases), mutations at codon
p-G719X (1.2% of cases), mutations at codon p.LL861Q
(0.6% of cases) and Ex20Ins (0.6% of cases). All mutant
EGFR tumors belonged to patients with adenocarcinoma,
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except for two patients in which the histological information
of the tumor was not available.

We detected a higher prevalence of EGFR mutations in
plasma from women vs. men (34.5% vs. 14.6%, P=0.002)
and non-smokers vs. past or current smokers (49.2% uvs.
11.4%, P<0.0001). In contrast, we found similar frequencies
between different disease stages. EGFR mutations were
found in 17.6% of stage III cancer patients and 25.0% of
stage IV cancer patients.

We evaluated the reproducibility of the cobas® EGFR
Test in 56 patients by analyzing two distinct vials obtained
during the same blood draw. The ¢fDNA concentration
showed a correlation coefficient of r’=0.99 between both
vials (Figure 34). Among EGFR mutant patients, the
SQI value for the EGFR mutation showed a correlation
coefficient of 1°=0.70 between the vials (Figure 3B). We
obtained the same molecular status of EGFR in both vials
in 96.5% (54/56) of patients. The two remaining cases with
discrepant results between the vials harbored the p.L858R
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available. NSCLC, non-small cell lung cancer; cfDNA, circulating-free DNA; EGFR, epidermal growth factor receptor; N, sample size.
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Table 3 Area under the receiver operating characteristic (ROC) curve and corresponding cut-off values for ¢fDNA concentration and cfDNA

100-250 bp fragment fraction for assessing tumor stage in advanced or metastatic NSCLC TKI-naive patients

Parameter AUC AUC 95% ClI P value Cut-off Sensitivity (%)  Specificity (%)
cfDNA concentration (ng/mL) 0.86 0.79-0.93 <0.0001 20.3 72.3 95
100-250 bp cfDNA fraction (%) 0.71 0.59-0.83 0.013 50.5 36.8 95

The table shows the cut-off value and the corresponding sensitivity of each parameter maintaining a specificity of 95% for the test. cfDNA,
circulating-free DNA; bp, base pairs, AUC, area under the receiver operating characteristic curve; Cl, confidence interval.
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Figure 3 Correlation of parameters between vials within the same
blood extraction. (A) cfDNA concentration (ng/mL). (B) SQI index
of EGFR mutated patients. r’ = correlation coefficient; cfDNA,
circulating-free DNA; SQI, semiquantitative index.

EGFR mutation. The mutation was only detected in one
of the vials, and the test reported a SQI value of 5.4 in one
patient and an SQI value of 6.1 in the other patient. In both
patients, the cfDNA concentration was higher in the vial
in which the mutation was detected (12.9 vs. 11.6 and 30.4
vs. 23.6 ng/mL) but these differences were not statistically
significant.

Among EGFR mutant cancer patients, the SQI values
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varied from 2.1 up to 25.0, indicating a large variability
among patients. To further explore the SQI variability, we
analyzed the SQI values based on the ¢fDNA concentration
and the disease stage. The SQI value did not correlate with
the ¢fDNA concentration (’=0.17, P=0.28) or disease stage
(stage III patients =9.1+3.1 and stage IV patients =11.5+4.8,
P=0.41). We analyzed the SQI values based on the type of
mutations, and found statistically significant differences
between the SQI values for Ex19Del mutations (n=25
patients) and p.L858R (n=13 patients). The Ex19Del EGFR
patients had higher SQI values compared to p.L858R EGFR
patients (mean Ex19Del EGFR SQI =13.6 vs. mean p.L858R
EGFR SQI =8.9; P=0.001) indicating that technical factors
related to the detection of each mutation target impact the
obtained SQI values.

Correlation between molecular status of cfDNA from
plasma and tissue tumour

We evaluated the concordance between the molecular status
in ¢fDNA and tissue biopsy in 60.1% (104/173) of patients
(1able 4). The molecular analysis of the tumor was carried
out by NGS in 93.3% (97/104) of patients, by the cobas®
EGFR Test in tissue in 4.8% (5/104), by SCORPIONS and
ARMS in 0.95% (1/104) and by 5> NUCLEASE ASSAY in
0.95% (1/104). Activating EGFR mutations were detected
in tissue tumor in 24% (25/104) of patients.

The overall accuracy of plasma cfDNA testing was
95.2%. Global sensitivity of EGFR testing in plasma was
78.3% and specificity 100%. The positive predictive value
of the test was 100%, while the negative predictive value of
the test was 94.2%.

Among patients with no EGFR mutations detected
in ¢cfDNA (n=86), seven of them harbored an EGFR
mutation in the tumor tissue (8.2% of patients). Five
discrepant cases were stage IV adenocarcinoma patients,
one was a stage III adenocarcinoma patient and one was
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Table 4 Concordance between the EGFR mutation status in tissue
and plasma samples in advanced or metastatic NSCLC TKI-naive
patients

TISSUE SAMPLE
EGFR mutation EGFR wild-type
(n=23) (n=81)
cfDNA
EGFR mutation (n=18) 18 0
EGFR wild-type (n=86) 5 81

Sensitivity (95%, Cl), % 78.3 (89.2-97.9)

Specificity (95%, Cl), % 100 (95.5-100)
PPV (95%, CI), % 100 (82.4-100)
NPV (95%, CI), % 94.2 (87.1-97.5)

Overall concordance
(95%, Cl), %

95.2 (89.2-97.9)

n, sample size; cfDNA, circulating-free DNA; EGFR, epdermal
growth factor receptor; NPV, negative predictive value; PPV,
positive predictive value.

a stage IV NSCLC patient. Tissue testing identified an
Ex19Del EGFR mutation in four tumors, a p.L858R in
one tumor and an EGFR mutation not included in the
cobas® EGFR Test in two tumors. In these two tumors, the
alterations were a point mutation in exon 18 (c.211T>C;
p-(Ile706Thr) plus a deletion in exon 19 in one case
(c.2260_2277del18 (Lys754_Ile759del)) and an insertion
in exon 20 (¢.2317_2318insGT'T) and an insertion in exon
20 (c.2317_2318insGTT) in the other case. Patients with
concordant EGFR results in tissue and plasma and those with
discordant results showed similar ¢cfDNA concentration (28.8
vs. 30.3; P=0.73) suggesting that discordant results were
not related to the initial amount of ¢fDNA. In addition, an
oncogenic driver mutation in other genes was detected in
81.0% (64/79) of patients by tissue testing.

There was no available tumor tissue for molecular
characterization in 39.9% (69/173) of NSCLC patients.
Molecular characterization and posterior clinical
management of these patients was carried out exclusively
by testing the EGFR gene in plasma. We detected EGFR
mutations in plasma in 34.8% of these cases (24/69), all
of them diagnosed with adenocarcinoma, except for one
patient diagnosed with NSCLC. Deletions of exon 19 and
p-L858R point mutations accounted for 62.5% (15/24)
and 33.3% (8/24) of cases respectively, while the G719X
mutation was found in one case (4.2%).
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Discussion

In the present study, we report the impact of introducing
the analysis of ¢fDNA from plasma in a cohort of advanced
or metastatic NSCLC TKI-naive patients in a real-world
clinical setting. The introduction of ¢fDNA testing in
clinical diagnostics laboratories is a challenge for laboratory
professionals (29) since both pre-analytical factors and the
methodological approach used for cfDNA testing impact the
robustness of the assay (30-32). The cobas® EGFR Test was
introduced into the clinical practice of our hospital in 2017
to prospectively identify EGFR mutant NSCLC patients
at baseline for treatment selection. In our study, the test
showed a high diagnostic accuracy as previously reported in
other studies (18,21). The clinical performance of the test
reached similar values to other current approaches such as
BEAMing dPCR (10) or NGS (20) which are more complex
tests with longer turnaround times (8,33). In our cohort, we
found EGFR mutations in 24.3% of patients and a mutation
distribution similar to a recent study in NSCLC patients of
European origin (21), but higher when compared to other
cohorts (34,35). Such differences might be related to clinical
and demographic characteristics, as well as patient selection
biases. We found a distinct prevalence and distribution of
EGFR mutations which depends on the histopathological
tumor subtype and the clinical characteristics of the patients
such as gender and smoking habit, as observed in NSCLC
patient cohorts molecularly characterized by tumor tissue
testing (33-35). This highlights the fact that ¢fDNA from
plasma accurately reflects the molecular status of the
tumor. A potential limitation of our study is that different
approaches were used for tissue EGFR testing. However,
NGS was used in the vast majority of patients, with various
other methodologies used in the rest of the patients. All
methods are adequate in terms of sensitivity and specificity
(36,37) with the main difference being that NGS covers
all possible mutations in the EGFR gene while the other
methods are limited to specific EGFR mutations.

Although cfDNA is an optimal source for EGFR testing
in NSCLC patients, undetectable EGFR mutations in
plasma still are present in up to 20% of patients (18,35,38).
In our cohort, a negative result by ¢fDNA testing was
obtained in 8.2% of mutant EGFR NSCLC patients.
Moreover, in two p.L858R EGFR NSCLC patients the
test reported the mutation in one of the two distinct vials
from the same blood extraction. The lack of detection of
the EGFR mutation in ¢fDNA might be due to biological
factors, such as a low concentration of cfDNA or low
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allelic fraction of ctDNA (18,39), or related to intrinsic
technical factors of the assay. The analytical sensitivity of
the Cobas EGFR Mutation Test v2 RT-PCR is limited
to specific target EGFR mutations which have distinct
sensitivity (14). Despite these limitations, implementing
an initial EGFR testing in plasma prior to a tissue analysis
in the clinical routine would accurately identify most of
EGFR mutated locally in advanced or metastatic NSCLC
patients with fast laboratory turnaround times. In addition,
the straightforward analysis of cfDNA for EGFR testing
would reduce the intrinsic issues related to the lack of
tumor tissue for molecular characterization which occurs in
a substantial subset of patients (8). This was supported by
our cohort, where no tissue sample was available in 39.9%
of patients. Among them, 34.8% of patients presented an
EGFR mutation in ¢fDNA and received a targeted therapy
immediately, underlining the important clinical impact
of this strategy. Thus, the inclusion of EGFR analysis
by non-invasive methods in the clinical setting is crucial
to apply personalized medicine strategies especially in
those NSCLC patients with no tissue tumor available.
Although EGFR testing in plasma can reduce the time
before starting treatment, a tissue biopsy is desirable when
possible to properly classify patients histologically to avoid
inappropriate treatment in patients with metastasis from
an unknown primary, or primary lung cancer other than
NSCLC, as TKIs are currently only approved for NSCLC.

In addition to an initial molecular stratification, cfDNA
testing in NSCLC patients is mostly used for the evaluation
of disease progression, prognosis, and treatment response.
The mutant allele fraction (MAF) has been proposed as a
potential marker for disease outcome in treated NSCLC
patients since the MAF increases with the disease stage and
tumor burden (40,41). Furthermore, a semi-quantitative
index (SQI) of mutated allele fractional abundance (MAFA)
has been correlated to a shorter progression-free survival
and overall survival in KRAS mutated NSCLC patients (42).
The cobas® EGFR Test provides a SQI value similar to the
MAF value (8). We obtained significantly higher SQI values
for the Ex19Del mutant tumors than for the L858R mutant
tumors, and we did not observe any difference regarding
disease stage or cfDNA concentration. In addition, we
found no differences in ¢cfDNA concentration among the
EGFR mutations, as previously reported (43).

A pilot external quality assurance (EQA) study has
previously demonstrated the imprecision of SQI for
various EGFR mutations. The EQA study showed that
distinct mutations with the same allele frequency resulted
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in different SQI values which were higher for the Ex19Del
mutations (14). Moreover, the SQI value in our study
showed only moderate reproducibility. A study conducted
in samples from NSCLC patients observed that the SQI
value does not accurately correlate with the number of
mutant copies/mL (44). Thus, the lack of correlation
between SQI and ¢fDNA concentration observed in our
cohort suggest that technical factors impact the SQI value
reported by the assay. This data indicates that the SQI value
has only a moderate clinical utility as a follow-up biomarker
in NSCLC patients since SQI variation during longitudinal
monitoring of patients might not reflect changes in tumor
development. Additional longitudinal studies in NSCLC
patients are required to fully elucidate the relevance of the
SQI value for each target mutation included in the assay
prior to its implementation in the clinical routine.

The concentration of cfDNA has also been suggested as a
plausible biomarker for tumor burden and prognosis in lung
cancer patients (45-47). As observed in our cohort, higher
levels of ¢fDNA are found in stage IV patients compared to
stage III patients (48). We found a high diagnostic value of
cfDNA concentration with a threshold value of 20 ng/mL
to identify stage IV NSCLC patients with 72.3% sensitivity
and 95% specificity. The obtained AUC value of 0.86 is
excellent (49), indicating that ¢fDNA concentration is an
optimal biomarker for diagnostic purposes. CIDNA levels are
routinely measured, after cfDNA extraction, by accurate and
standardized techniques (50). Thus, to include the cfDNA
concentration result in the laboratory report would represent
a fast and optimal strategy for NSCLC patient stratification.

The fragment pattern in NSCLC patients provides
further information. Soliman et 4/. evaluated the diagnosis
and prognosis value of ¢fDNA integrity by analyzing serum
from NSCLC patients (46). They found that ¢fDNA
integrity, calculated as the ratio between longer and shorter
DNA fragments, is higher in NSCLC patients than in
chronic obstructive pulmonary disease (COPD) patients and
control subjects, and that lower cfDNA integrity is related
with better survival. In our cohort, stage IV patients showed
a higher fraction of 100-250 bp fragments. Apoptosis
processes, which are associated with malignant progression
and metastasis of cancer (51), promote the release of short
cfDNA fragments. Thus, we hypothesized that the fraction
of 100-250 bp fragments might be a biomarker for apoptosis
in NSCLC patients. In fact, we found that the fraction of
100-250 bp showed a limited predictive value to identify
stage IV NSCLC patients when compared to ¢fDNA
concentration. To date, there is no consensus about the
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method used to measure cfDNA fragmentation. Current
methods in use show variability in terms of the quality of the
results (52). While capillary electrophoresis has shown good
accuracy and reproducibility of the size distribution, it is
sensitive to the presence of impurities in the samples, which
could affect the results. However, it is simpler and faster
than more accurate techniques such as quantitative real-
time PCR (q-PCR), whose main disadvantage is the impact
of gDNA contamination and requires the parallel analysis
of reference samples; droplet digital PCR (ddPCR), which
is sensitive to enzymatic inhibitors and might need a re-
extraction process to ensure the quality of the sample; and
NGS methods, which, while being the most accurate, are
costly and time consuming. Additional studies are necessary
to compare these more sensitive methods to capillary
electrophoresis to assess the clinical significance of cfDNA
fragmentation pattern as a biomarker in lung cancer patients
and its potential introduction to clinical routine practice.

In summary, the introduction of plasma EGFR mutation
analysis has proven useful as an initial approach for
molecular characterization of locally advanced or metastatic
NSCLC patients at diagnosis using a commercially available
RT-PCR method. However, the low reproducibility and
lack of correlation of the manufacturer’s SQI value with
biological parameters limit its utility in the clinical practice.
In addition, the study suggests that ¢cfDNA concentration
and cfDNA fragmentation pattern are interesting
biomarkers for tumor stage in lung cancer patients.
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