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were identified and assessed by logistic regression.
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Objective: This study aimed to identify the influential factors for the sensitivity of epidermal growth factor receptor
(EGFR) plasma test in non-small cell lung cancer (NSCLC). The mutations were detected in tumor tissue and matched
plasma samples from 125 newly diagnosed adenocarcinoma, clinical-stage IlIB-IV patients, and compared the diag-
nostic values of EGFR plasma test between groups of clinical characteristics. The influential factors for the sensitivity

Results: £GFR mutations were detected in 65 (52.0%) tumor tissue and 50 (40.0%) matched plasma samples
(P=0.028). Compared to the tissue method, the concordance rate, sensitivity, and specificity of the EGFR plasma test
were 86.4%, 75.4%, and 98.3%, respectively. Notably, we found that sensitivity of the test is higher in non-smokers
(84.19%) compared to smokers (57.1%, P=0.018), and in treatment naive subjects (85.7%) compared to whom under-
gone chemo-radiotherapy with/without surgery before testing (56.5%, P=0.009). Furthermore, the highest sensitivity
was attained in patients without these two factors (90.3%), whilst the lowest value was noted in those with both fac-
tors (40.0%, P=0.004). The multivariable analysis confirmed that smoking habit and treatment history have indepen-
dently negative impacts on sensitivity (OR=0.24, P=0.019, and OR=0.36, P=0.047, respectively).

Introduction

After the breakthrough of using EGFR tyrosine kinase
inhibitors in treatment for NSCLC, EGFR mutation test-
ing in the non-invasive samples as peripheral blood has
opened a new period of precision medicine. More than
thirty studies have been conducted in the past 15 years to
assess the diagnostic values and applicability of this test in
clinical practice [1-6]. Most of them have shown that the
specificity of the EGFR blood test is quite high (95-98%)
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[1]. However, the agreement of results in plasma with
the tumor tissue is widely-fluctuated (66—100%) [1-6].
Also, the sensitivity of the EGFR plasma test is very dif-
ferent between laboratories and areas (17-100%) [1-6].
Some factors have been shown to influence the sensitivity
and accuracy of the test like method of circulating free
DNA (cfDNA) extraction and mutation detecting, sam-
ple type, sample volume, and processing method [1, 7-9].
We assume that other clinical factors also affect the con-
cordance rate and sensitivity of the test. In the laboratory
setting, we use a high-throughput system together with
a recommended protocol to isolate cfDNA [7, 8], and
scorpion amplification-refractory mutation system (scor-
pion ARMS) to detect EGFR mutations, and compare the
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diagnostic values of the test between groups of clinical
characteristics.

Main text

Materials and methods

Patients and samples

A total of 125 newly diagnosed adenocarcinoma, clini-
cal-stage IIIB-IV NSCLC patients were selected for this
study at Cho Ray hospital from Jan-2016 to August-2019
(approval number 212-BVCR-HDDD). Patients were
asked for participation and signed consent forms before
collecting samples for EGFR mutation analysis (5 mL of
peripheral blood and matched tumor tissues after con-
firming histology assessments). Among them, blood
samples of 69 patients were collected on the same day
of performing tumor biopsy procedures. Whereas in 29
other cases, blood samples were obtained after 1-4 cycles
of chemo-radiotherapy (1-7 weeks after diagnosis). In 27
patients who had undergone tumor resection, blood sam-
ples were collected within 2 weeks after surgery. No one
has been treated with targeted therapies like EGER tyros-
ine kinase inhibitors before the mutation testing. The
clinical information such as Ecog PS (Cooperative oncol-
ogy group performance status), smoking habit, clinical-
stage, organ metastasis, and tumor size was selected from
the medical records.

Genomic DNA extraction from tumor tissue and EGFR
analysis

The genomic DNA (gDNA) was extracted from 3 sec-
tions of formalin-fixed paraffin-embedded (FFPE) tumor
tissue samples using QIAamp DNA FFPE Tissue kit (Cat
No./ID: 56404) according to the instruction of the manu-
facturer (Qiagen, Hilden, Germany). Concentration and
purity of gDNA were measured by NanoDrop 8000 Spec-
trophotometer (Thermo Scientific, USA) and adjusted
to 2 ng/ul before sequencing. EGFR mutations (exon 19
deletion—-EGFRE., a threonine-to-methionine point
mutation in exon 20-EGFR''M, a leucine-to-arginine
point mutation in exon 21-EGFR">®}) were detected by
pyrosequencing method using Therascreen EGFR Pyro
kit (Cat No./ID: 971480) according to the instructions of
the manufacturer (Qiagen, Hilden, Germany).

Circulating free DNA extraction from plasma and EGFR
analysis

The blood samples were prepared and used for cfDNA
extraction on the QIAsymphony machine, as described
in previous work [10]. EGFR mutations in cfDNA were
detected by the scorpion ARMS method, the Theras-
creen EGFR Plasma RGQ PCR kit (Cat No./ID: 870311),
performed on the RotorGene Q 5Plex HRM platform
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according to the manufacturer’s instructions (Qiagen,
Hilden, Germany).

Statistical analysis

Fisher’s exact test was used to compare the relative fre-
quencies between groups. The concordance rate between
the EGFR plasma and the EGFR tumor tests was deter-
mined by the Kappa statistic [11]. The mutation results in
the tumor tissue were used as the standard reference for
calculating sensitivity, specificity, positive and negative
predictive values of EGFR plasma test. Variables with P
value <0.25 in sensitivity comparing were selected to use
in the multivariable analysis by logistic regression. The
influential factors for the sensitivity were identified and
assessed by the odds ratio (OR) with a 95% confidence
interval (95%CI). All data analyses were done by R sta-
tistical software v.3.5.1 (R foundation, 1020 Vienna, Aus-
tria). P<0.05 was considered statistically significant.

Results

Baseline characteristics

All of 125 cases enrolled in this study were newly-diag-
nosed, clinical-stage IIIB-IV adenocarcinoma with a
median age of 59 (95%CI 57—-61) years. On general exam-
ination, 24 cases (19.2%) were scored >2 with the Ecog
PS criteria. All of the female patients (37 subjects) were
never smokers, while 71 of 88 (80.7%) male patients were
smokers or ever smokers.

The diagnostic imaging results just before plasma-
mutation testing indicated that 83 (66.4%) patients
have the lymph-node metastasis while 39 (31.2%) cases
have the pleural effusion. Lung metastasis and distant
metastasis were observed in 39 (31.2%) and 100 (80.0%)
cases, respectively. Of which, brain, bone, liver, and
other metastasis (including stomach, adrenal, spleen,
thyroid gland, and prostate metastases) were observed
in 36 (28.8%), 37 (29.6%), 27 (21.6%), and 49 (39.2%)
cases, respectively. Eighty-two (65.6%) cases have tumor
size>5 cm.

EGFR status in tumor tissue and plasma samples

EGFR mutations were detected in tumor tissue and
plasma of 65 (52.0%) and 50 (40.0%) cases, respectively
(P=0.028, Additional file 1: Table S1). Patients who have
undergone chemo-radiotherapy and/or tumor removal
have the lower frequency of EGFR mutations in tumor
tissue (41.0%) and plasma (25.0%) compared to oth-
ers (60.8%, P=0.028; and 52.2%, P=0.002, respectively,
Additional file 2: Table S2). Besides, in both tumor tis-
sue and plasma samples, EGFR mutations occurred with
a higher rate in non-smokers and female patients com-
pared to the remaining groups (P<0.001).
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The diagnostic values of EGFR plasma test and influential
factors for sensitivity

Among 125 patients, 108 cases have the same results
in plasma and matched tumor tissue samples resulting
in a pooled concordance rate of 86.4% between meth-
ods (Additional file 3: Table S3). The sensitivity and
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specificity of the plasma test reached 75.4% and 98.3%,
respectively. Among the clinical sub-groups, the con-
cordance rate and the sensitivity of EGFR plasma test
were higher in patients with Ecog PS> 2, pleural effu-
sion, and tumor size >5 cm compared to others but not
with statistical significance (P> 0.05, Table 1). Notably,

Table 1 The diagnostic values of EGFR plasma test between groups

Variable Concordance Sensitivity Specificity
Percentage (%) P-value Percentage (%) P-value Percentage (%) P-value

Mutation type
EGFRE19%! (n=125) 9238 0212 775 0472 100.0 0360
EGFR™%8R (0 =125) 95.2 782 99.0

Age
>59(n=57) 87.7 0.694 793 0.510 96.4 0.467
<59 (n=68) 853 722 100.0

Gender
Female (n=37) 838 0.290 80.0 0424 100.0 0.714
Male (n=88) 875 714 98.1

Ecog PS
0-1(n=101) 84.2 0.191 70.6 0.159 98.0 0.833
>2(n=24) 95.8 929 100.0

Smoking status
No (n=>54) 87.0 0428 84.1 0.018 100.0 0.652
Yes (n=71) 859 57.1 98.0

Clinical stage
B (n=6) 833 0.592 66.7 0.578 100.0 0.950
V(n=119) 86.6 758 983

Lung metastasis
No (n=86) 84.9 0.334 733 0.404 976 0.683
Yes (n=39) 89.7 80.0 100.0

Lymph-node
No (n=42) 85.7 0.874 75.0 0.956 100.0 0.700
Yes (n=283) 86.8 756 97.6

Pleural effusion
No (n=286) 837 0.155 705 0.152 97.6 0.700
Yes (n=39) 923 85.7 100.0

Distant metastasis
No (n=25) 88.0 0.545 80.0 0461 100.0 0.833
Yes (n=100) 86.0 74.0 98.0
Tumor size
<5cm (n=43) 84.2 0.233 70.0 0.164 97.0 0.700
>5cm (n=382) 90.7 84.0 100.0

Treatment: chemo-radiotherapy and/or surgery
No (n=69) 913 0.076 85.7 0.009 100.0 0.362
Yes (n=56) 804 56.5 97.0

Treatment/Smoking status
No/No (n=34) 91.2 0418 90.3 0.004 100.0 0483
No/Yes or Yes/No (n=55) 873 70.8 100.0
Yes/Yes (n=36) 80.6 40.0 96.2

Significant values are shown in italic
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we found that sensitivity of EGFR plasma test is higher
in non-smokers (84.1%) compared to smokers (57.1%,
P=0.018), and higher in untreated patients (85.7%)
compared to others (56.5%, P=0.009, Table 1). Fur-
thermore, the highest sensitivity was archived in non-
smoking untreated patients (90.3%) while the lowest
value was observed in smoking treated subjects (40.0%,
P=0.004). In the multivariable analysis, smoking habit
(OR=0.24, P=0.019) and treatment history as chemo-
radiotherapy and/or surgery (OR=0.36, P=0.047)
were identified as independent factors for the lower
sensitivity of EGFR plasma test (Table 2).

Discussion

Previous studies have shown that the concordance
rate and sensitivity of EGFR plasma test are different
between centers depend on the technique used and
pre-analytic factors [1, 7, 9]. The deep-sequencing,
digital polymerase chain reaction (dPCR), and scorpion
ARMS are the best methods in detecting mutations in
cfDNA. Of these technologies, digital PCR and scor-
pion ARMS are widely-used up to date because of the
low limit of detection (0.05-0.1%), convenience, rapid-
ity, and low cost [12].

In this study, we used the scorpion ARMS method to
detect EGFR mutations in plasma samples and showed
a high agreement with the tumor tissues together with
a moderate sensitivity and excellent specificity (Addi-
tional file 3: Table S3). The limited sensitivity (75%)
is due to nearly 25% of the cases with false-negative
results in the plasma. It is worth noting that EGFR
mutations in plasma are detected by the scorpion
ARMS method that has a lower limit of detection than
the pyrosequencing method (= 5%) [13]. We performed
a literature review and noted that the false-negative
phenomenon also is observed in other studies used
scorpion ARMS method [14-28], dPCR [5, 6, 29], and

Table 2 Influential factors for the sensitivity
in multivariable analysis

Variable OR (95%Cl) P-value
Ecog PS:> 2 versus 01 481 (0.59-46.80) 0.176
Smoking habit: Yes versus No 0.24 (0.07-0.79) 0.019
Pleural effusion: Yes versus No 1.09 (0.26-4.56) 0911
Tumor size:>5 cm versus <5cm 79(051-6.32) 0.366
Treatment history: Yes versus No 0.36 (0.10-0.91) 0.047

In the logistic regression analysis, patients with EGFR mutations in both
tumor tissue and plasma were coded 1, while the positive cases only in

the tumor tissue were coded 0; other factors were coded 1: Ecog PS> 2,
smoking habit=yes, pleural effusion =yes, tumor size >5 cm, and treatment
history = yes; the remaining groups of factors were coded 0

Significant values are shown in italic
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even ultra-deep sequencing methods [2—4, 30]. There-
fore, the EGFR plasma sensitivity might be affected by
the other factors besides the technique influences.

Our data indicated that the concordance rate and sen-
sitivity of EGFR plasma test are improved in untreated
patients (Table 1), and higher than values in previous
studies used the same method (Fig. 1). It is easy to see
that these studies used the column-based method in
cfDNA extraction [14—28] that lead to the low-yield of
cfDNA and low sensitivity [9]. In the study, we also found
that smoking habits influence the presence of EGFR
mutations in plasma (Additional file 2: Table S2) and thus
affect the sensitivity of the test (Table 1). The combina-
tion of this factor with induction therapy as chemo-radi-
otherapy and/or tumor removal before mutation testing
resulted in very low sensitivity, whereas the highest value
was archived in those without these two factors (Table 1).
Finally, the independent negative impact of these factors
on sensitivity was confirmed by the multivariable analysis
(Table 2).

The negative impact of treatment history on EGFR
plasma sensitivity can be explained by the reduction of
mutant-cell derived cfDNA fraction. Guo N reported
that 92% of mutation frequencies decrease within two
days after surgery [31]. Likewise, a deep clearance of
EGFR mutant alleles after chemotherapy was showed in
the study of Mok T [32]. Taniguchi K and Bai H dem-
onstrated that both EGFR-mutated and non-mutated
cell clones coexist in the same tumor [33, 34]. Because
of more sensitivity to chemotherapy, the EGFR-mutated
cancer cells are eliminated faster than non-mutated cells
leading to the shift of EGFR status from positive to nega-
tive after chemotherapy [33, 34]. Zhang S noted that
chemotherapy is an independent factor for the presence
of EGFR mutations in the plasma of NSCLC patients
[35].

The association of smoking with the low EGFR fre-
quency in tumor tissue and plasma samples of NSCLC
has been shown in many studies [16, 18, 20, 36]. Never-
theless, the underlying mechanism of this phenomenon is
unclear to date. Previous studies have shown that smok-
ing is related to an elevated tumor mutational burden
(TMB) in NSCLC [37-41]. Moreover, the higher TMB
is associated with tumor protein p53 (7P53) alterations,
and negatively associated with EGFR mutations [41].
Other studies emphasized the association of smoking
habit with the presence of TP53 and Kirsten rat sarcoma
viral oncogene (KRAS) mutations rather than EGFR
mutations [42—44]. We assume that in smoking NSCLC
patients, EGFR mutation is not the key driver, and the
EGFR mutant subclone might present at a low fraction in
the tumor content. Therefore, the amount of tumor DNA
released by these cells into the blood is limited (it might
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Fig. 1 The concordance rate and sensitivity of EGFR plasma test in the studies used scorpion ARMS method

be below 0.05% of the total cfDNA amount). That is the
cause of the low sensitivity of plasma testing.

In clinical practice, these results help the clinicians to
define subgroups of patients with different sensitivity of
EGFR plasma test. In those confirmed with lung cancer
by the diagnostic imaging and protein tumor markers but
failure with the biopsy procedure, or inadequate tumor
tissue for EGER mutation analysis, clinical doctors should
require the mutation testing in plasma before starting
chemo-radiotherapy. In other cases, mutation analysis in
the resected tumors should be done first for the patients
who have undergone surgery.

Conclusion

The results of this study showed that the sensitivity of the
EGFR plasma test is lower in smoking treated patients
compared to others. Besides, smoking habit and induc-
tion therapy as chemo-radiotherapy and/or surgery
might be the independently influential factors for the
sensitivity.

Limitations

This study highlights the negative impact of smok-
ing habit and chemo-radiotherapy and/or surgery on
the sensitivity of the EGFR plasma test in NSCLC.

However, this is just an observation from a single-
center study. Besides, the sample size in the study is
still limited. Further research on a large cohort should
be done to confirm this finding. In those studies, one
same technique should be used for both tumor and
plasma testing to clarify the association of clinical fac-
tors with sensitivity.
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