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Abstract: To determine epidermal growth factor receptor (EGFR) mutation in advanced non-small cell lung cancer 
(NSCLC) patients and compare the detection efficiency between different sample resources, both high resolution 
melting (HRM) analysis and direct sequencing method were used to analyze 36 pleural effusion samples and 22 
matched biopsy tumor tissues collected from NSCLC patients. For each pleural effusion sample, the supernatant 
and the cell pellets were examined separately. Among all the 36 cases of pleural effusion samples, 18 mutations 
of EGFR were found in cell-free supernatant while 13 mutations were found in the cell pellets as detected by HRM 
analysis. In the 22 matched samples, 13 cases of EGFR mutations were identified in paraffin-embedded biopsy 
tissue samples, 12 cases in the cell-free supernatant and 9 cases in the cell pellets of pleural effusion. EGFR muta-
tions in 15 cases out of the total 36 pleural effusion samples detected by direct sequencing were also identified 
by HRM analysis, giving 100% efficiency for HRM method. The results established the important role of HRM as a 
reliable and efficient method to determine EGFR mutation status and indicated the feasibility of using pleural effu-
sion in replacement of biopsy tissues in particular clinical cases. Furthermore, the cell-free supernatant of pleural 
effusion might be a better resource for mutation detection than cell pellets.
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Introduction

Lung cancer is the main cause of cancer-relat-
ed death all over the world. Non-small cell lung 
cancer (NSCLC) is the most common form of 
lung cancer and accounts for about 80% of 
lung cancer [1, 2]. The traditional first-line treat-
ment of advanced NSCLC often involves opera-
tive treatment and platinum-based combina-
tion chemotherapy [2]. However, due to the lack 
of overt symptoms, approximately 60-85% of 
patients are diagnosed in advanced lung can-
cer period when operative treatment is no more 
viable and only combination chemotherapy can 
be applied to inhibit tumor growth, under which 
circumstance, conventional chemotherapy nor-
mally fails to realize long-term therapeutic 
effect.

In recent years, the epidermal growth factor 
receptor tyrosine kinase inhibitors (EGFR-TKI) 
are widely used in the therapy of NSCLC patients 
[3-5]. Treatment with these TKIs seems to be 
especially effective in suspending the develop-
ment of NSCLC and prolonging life of advanced 
NSCLC patients [6, 7]. However, the curative 
effect of EGFR-TKI is largely associated with the 
mutation spectrum and status of epidermal 
growth factor receptor (EGFR) [6]. Point muta-
tion of exon 18 and exon 21 and deletions of 
exon 19 in EGFR gene are known to be sensitive 
for TKIs therapy. About 90% of these mutations 
are deletions of exon 19 and point mutations of 
exon 21. Thus, detection of EGFR mutation has 
become an important event in screening and 
predicting whether the patient will be benefit 
from EGFR-TKI targeted therapy or not.
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EGFR mutation spectrum of early NSCLC 
patients can normally be evaluated using sam-
ples of surgical removed cancer tissue. 
However, advanced NSCLC patients who have 
missed the appropriate time of operative treat-
ment may lose the opportunity to receive drug 
sensitivity test attributing to unobtainable 
tumor tissue. Thus the availability of noninva-
sive diagnostic specimens is of great impor-
tance. Pleural effusion is a convenient clinical 
sample with important clinical diagnostic sig-
nificance. It may be an alternative source sup-
plying useful information about the mutation 
status of the EGFR gene. If EGFR gene muta-
tion determination can be achieved with more 
attainable pleural effusion samples, then tar-
geted drug therapy will be possible for advanced 
NSCLC patients, which will contribute to vital 
clinical and practical value [8].

Up to now, different methods have been recruit-
ed to detect EGFR mutation and their suitability 
for EGFR mutation analysis has also been more 
and more valued [2]. Direct sequencing is a pre-
dominant criterion since it is an economical 
method and can successfully detect all muta-
tions [9, 10]. However, direct sequencing is 
time-consuming and low-sensitivity, limiting its 
widely application. Hence some faster and 
more sensitive testing methods are needed. 
The high resolution melting (HRM) technology 
has become a hot-spot in the field of life sci-
ence in recent years [11]. HRM analysis is an 
attractive screening method based on the 
physical property of nucleic acid, which adopts 
saturable dye to monitor the variation of nucle-
ic acid melting curve. New instruments com-
bined with DNA intercalating dyes that can be 
used at saturating concentrations allow the dis-
crimination of sequence changes in PCR ampli-
cons without manual handling of PCR products 
[12], making it an ideal candidate to detect 
DNA sequence changes with advantages of low 
cost, high throughput, high sensitivity, high 
specificity and convenience [13].

In this study, we investigate the concordance of 
EGFR mutations in pleural effusion including 
cell-free pleural fluid and cellular pellets, and 
tumor tissue samples from biopsy of the same 
patients in order to verify the application of 
pleural effusion in EGFR mutation detection. 
Both HRM analysis and direct sequencing 
method were applied and their efficiency is also 
compared.

Materials and methods

Patients and tumor samples

This study was approved by the Institutional 
Review Board of Nanfang Hospital, Southern 
Medical University, and written informed con-
sent was obtained. A total number of 36 cases 
of malignant pleural effusion and 22 cases of 
matched tumor tissue samples obtained by 
thoracoscopic lung biopsy were recruited. The 
diagnosis of NSCLC was based on cytological or 
histological findings. The pathological diagno-
sis was adenocarcinoma in 35 patients and 
large cell carcinoma in the other patients.  
There are 16 males and 20 females altogether. 
The age range was from 31 to 82 ages (median 
61.5 years). All individuals in this manuscript 
have been given written informed consent to 
publish these case details.

DNA extraction

The pleural effusion samples were centrifugat-
ed, then cell-free supernatant and cell pellets 
were collected respectively. Genomic DNA was 
extracted by the use of QIAamp DNA Midi Kit 
according to the manufacturer’s protocols. The 
tumor tissue samples were embedded by par-
affin, and then genomic DNA was extracted by 
the used of QIAamp DNA FFPE Tissue Kit 
according to the manufacturer’s protocols.

PCR amplification and HRM for EGFR mutation 
detection

HRM analysis was carried out by using Human 
EGFR Gene Mutation Test Kit (HNME-01, He- 
lixgen (Guangzhou) Co. Ltd.) on a LightCyclerTM 
480 PCR (Roche Diagnostics) according to the 
manufacturer’s protocol. The reaction mixture 
consists of 20 ng of genomic DNA, 300 nM of 
each primer, 0.5 mM MgCl2 and 1× Master Mix 
containing LC Green® Plus+ Melting Dye (Biofire 
Diagnostics) with PCR-grade water adjusted to 
a final volume of 10 µl. Sample loading was 
conducted strictly following the manufacturer’s 
instructions.

The same PCR cycling were applied to all tested 
exons with an initiate temperature of 95°C for 
10 min to activate enzyme and denature tem-
plate DNA, followed by 50 cycles of 95°C for 20 
s, 65°C for 20 s with an initial 10 cycles of 
touchdown (1°C/cycle) and 72°C for 20 s. The 
melting step started with a temperature of 
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95°C for 30 s, which declined to 40°C for 30 s, 
75°C for 1 s, and risen up to 95°C again for 
fluorescence signal captured 20 times per 1°C 
resulting on a ramp rate of 0.2°C/s. Nucleotide 
variation was detected based on HRM curve 
acquisition using the LightCyclerTM 480 Gene 
Scanning Software (version 1.5). All PCR sam-

ples were plotted according to their melting 
profiles. The normalized graph shows the 
degree of reduction in fluorescence over a tem-
perature range (75°C to 95°C). Under the dif-
ference graph, melting profiles of the samples 
were compared to that of significant deviations 
from the horizontal line; those with aberrant 

Table 1. Summary of EGFR mutations detected by HRM and sequencing from the 36 NSCLC samples

Sample Sex Age 
(years) Histology

EGFR mutation
HRM Sequencing

supernatant cell  
pellets

Biopsy  
tissue supernatant cell  

pellets Biopsy tissue

Case 1 F 31 ADC 19+ WT NA WT WT NA
Case 2 M 73 ADC 19+ 19+ NA 2235_2249del15 NA
Case 3 M 72 ADC 21+ WT NA L858R WT NA
Case 4 M 74 ADC 19+ 19+ NA 2240_2257del18 NA
Case 5 F 47 ADC 19+ 19+ NA 2239_2253del15 NA
Case 6 M 79 ADC WT WT NA WT WT NA
Case 7 F 52 ADC 19+ WT 19+ 2235_2249del15 WT 2235_2249del15
Case 8 M 59 ADC 20+ 20+ 20+ Ins 773 (DNP)
Case 9 F 48 ADC 21+ 21+ 21+ L858R
Case 10 F 36 LCC WT WT WT WT WT WT
Case 11 M 70 ADC 19+ 19+ 19+ WT 2239_2248 > C (complex)
Case 12 F 56 ADC 21+ WT 21+ WT WT L858R
Case 13 F 68 ADC 19+ WT 19+ WT WT 2235_2249del15
Case 14 F 56 ADC WT WT NA WT WT NA
Case 15 M 49 ADC WT WT NA WT WT NA
Case 16 F 80 ADC 21+ 21+ NA L858R NA
Case 17 F 61 ADC WT WT NA WT WT NA
Case 18 F 66 ADC WT WT 21+ WT WT L858R
Case 19 F 57 ADC WT WT NA WT WT NA
Case 20 F 77 ADC WT WT NA WT WT NA
Case 21 M 64 ADC WT WT WT WT WT WT
Case 22 F 81 ADC WT WT WT WT WT WT
Case 23 M 82 ADC WT WT WT WT WT WT
Case 24 F 58 ADC WT WT WT WT WT WT
Case 25 M 73 ADC WT WT NA WT WT NA
Case 26 M 73 ADC WT WT WT WT WT WT
Case 27 F 59 ADC 19+ 19+ 19+ 2235_2249del15
Case 28 M 42 ADC WT WT NA WT WT NA
Case 29 F 47 ADC WT WT WT WT WT WT
Case 30 F 49 ADC 19+ 19+ 19+ 2239_2256del18
Case 31 M 56 ADC 19+ 19+ 19+ 2236_2250del15
Case 32 F 49 ADC 19+ 19+ 19+ 2240_2257del18
Case 33 M 62 ADC WT WT WT WT WT WT
Case 34 M 81 ADC WT WT WT WT WT WT
Case 35 F 68 ADC 19+ 19+ 19+ 2235_2249del15
Case 36 M 58 ADC 19+ 19+ 19+ 2240_2254del15/2239_2253del15
F, female; M, male; ADC, adenocarcinoma; LCC, large cell carcinoma; WT, wild type; NA, data not available.
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melting curves implying the presence of muta-
tion were all recorded as HRM positive. All PCR 
reactions were performed in duplicate.

The obtained PCR products were purified using 
QIAquick PCR purification kit and directly 
sequenced by BGI-Shenzhen to further confirm 
the genetic variants as detected in HRM 
analysis.

Statistical analysis

Chi-square test (SPSS Statistics 20.0) was per-
formed to compare the detection efficiency of 

EGFR mutation between pleural effusion and 
tumor tissue samples. A P value < 0.05 was 
considered statistically different. In addition, 
an inter-rater reliability analysis using the 
Kappa statistic was performed to determine 
consistency between the pleural effusion and 
biopsy samples.

Results

Detection of EGFR mutations by HRM analysis

EGFR mutation status was determined in all 
the collected 36 pleural effusion samples by 

Figure 1. EGFR mutation status detected by HRM analysis and sequencing. The different plots of (A) exon 19 and 
(B) exon 21 show three different melting profiles corresponding to mutational samples in black, positive control in 
red and wild type control in green. The results were further confirmed by sequencing.
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HRM analysis. About 18 (18/36, 50%) muta-
tions were detected in the cell-free supernatant 
and 13 (13/36, 36.1%) mutations in cell pellets 
(Table 1). EGFR mutations in exon 19 were the 
most common (13/36, 36.1%), followed by 
those in exon 21 (5/36; 13.9 %) and exon 20 
(1/36; 2.8%). The different plots and sequenc-
ing traces of wild type for EGFR exon 19 and 
exon 21 are shown in Figure 1. No point muta-
tion of exon 18 was detected in this study. The 
total mutation rate of exon 19 and exon 21 was 
50% (18/36). There were discrepancies in the 
detected mutations between pleural effusion 

cell pellets and cell-free supernatant. 13 cases 
of mutation were detected in both cell-free 
supernatant and cell pellets, while 5 cases of 
mutation were detected only in cell-free super-
natant (Table 1; Figure 2A). Thus, cell-free 
supernatant is more suitable than cell pellets in 
EGFR mutation assessment.

In the 22 tumor tissue samples, 13 mutations 
was detected by HRM, including 9 cases of 
exon 19 deletion, 3 cases of exon 21 point 
mutation and 1 case of exon 20 mutation. 
Among these mutations, 9 mutations were 

Figure 2. Comparison of EGFR mutation status among different sample resources detected by HRM analysis and 
sequencing. A. HRM results from the supernatant and cell pellets of pleural effusion in 36 samples; B. HRM results 
from the supernatant, cell pellets of pleural effusion and tumor tissues in the paired 22 samples; C. Sequencing 
results from the supernatant and cell pellets of pleural effusions in 36 samples; D. Sequencing results from the 
supernatant, cell pellets and tumor tissues in the paired 22 samples. The vertical coordinate shows the number 
of positive mutation samples detected in different EGFR exons or mutation types listed on the horizontal coordi-
nate (exon 18 was not included since no mutation was detected). Overall, 12 cases were detected in both pleural 
effusion and tumor tissues using HRM method, 1 case of mutation was only detected in tumor tissue samples. 
Different efficiency degree was revealed in mutation type A, B and C for the three different sample sources. The 
pie chart displays the total ratio of positive mutation samples detected in all exons or mutation types using differ-
ent sample sources. Mutations types represented by each capital letter are: A. 2235_2249del15; B. L858R; C. 
2239_2248>C (complex); D. 2240_2257del18; E. 2239_2253del15; F. 2240_2254del15; G. 2239_2256del18; 
H. 2236_2250del15; I. Ins773 (DNP).
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Table 2. Comparison of detection efficiency of 
EGFR mutation between 22 pleural effusion 
samples and matched biopsy tumor tissues 
by Kappa statistic analysis

Pleural effusion
+ - Total

Tumor tissue + 12 1 13
- 0 9 9

Total 12 10 22
+: EGFR positive mutation; -: EGFR negative mutation.

detected in cell pellets and 3 more were detect-
ed in the supernatant of pleural effusion, added 
up to a total of 12 positive mutations detected 
with pleural effusion. An extra case of mutation 
was only detected in tumor tissue samples 
(Table 1; Figure 2B). The consistency of hydro-
thorax samples and biopsy specimens subjects 
to 95.5% (21/22) according to HRM results.

Detection of EGFR mutations by sequencing

The PCR products of HRM were all purified and 
sequenced (Figure 1). EGFR mutations were 
found in 15 of the 36 pleural effusions. 
Mutation types encompass deletion mutation 
in exon 19, L858R in exon 21 and Ins773 (DNP) 
in exon 20. No missense mutation in exon 18 
was found. There are two kinds of deletion 
mutation in case 36. In total, 15 kinds of muta-
tion were detected in the supernatant of pleu-
ral effusion, 14 of which were also detected in 
cell pellets (Figure 2C). No sample was found to 
have EGFR mutations by direct sequencing 
alone (Table 1). Among all these mutations, 
2235_2249del15 was observed in 4 cases of 
tumor tissues, 3 cases of the supernatant of 
pleural effusion, and only 2 cases of the cell 
pellets. Mutation L858R was observed in 3 
cases of tumor tissues and only 1 case of pleu-
ral effusion (Figure 2D). In the 22 cases of 

paired samples, 3 cases of mutation detected 
in tumor tissue samples were not successfully 
detected in pleural effusion, indicating a con-
sistency of 86.4% (19/22). The efficiency of 
hydrothorax sample resulted in 78.6% (11/14) 
for both the supernatant and cell pellets.

Comparison of detection efficiency of EGFR 
mutation status between biopsy and cytologi-
cal samples

Statistical analysis showed that the kappa val-
ues reflecting detection efficiency of EGFR 
mutation between tumor tissue samples and 
hydrothorax samples, supernatants of pleural 
effusion and cell pellets were 0.908 and 0.722 
(P < 0.05; Tables 2, 3), respectively. No signifi-
cant difference was detected between tumor 
tissue samples and pleural effusion (P > 0.05). 
The high consistency between these two differ-
ent sample sources indicates the effectiveness 
of using cytological samples as a potential sub-
stitute of biopsy specimen.

Discussion

Nowadays, lung cancer ranks the highest mor-
bidity and mortality among different malignant 
tumor types and is responsible for approxi-
mately 1.38 million deaths each year world-
wide [14]. EGFR mutation analysis in NSCLC is 
a pivotal process during clinic treatment, which 
can be utilized to predict the patient’s response 
to EGFR-TKIs [15-17]. Previous studies have 
proved the therapeutic effect of EGFR-TKI on 
patients carrying positive EGFR mutations [6, 
10, 18, 19]. Therefore, examination of the 
mutation status of EGFR can provide crucial 
suggestions on which treatment protocol might 
be chosen and which patient will be benefit 
from EGFR targeted therapy along with the 
prognostic evaluation afterwards [20, 21].

However, advanced NSCLC patients heretofore 
must take biopsy or needle core biopsy to get 
samples to obtain unequivocal classification 
diagnosis and genetic detection for targeted 
drug screening. Concurrently, although paraffin 
embedded tumor tissue is still the gold-stan-
dard sample for EGFR mutation detection and 
results from molecular analyses using the tradi-
tional tumor tissue samples were validated by 
clinical outcomes [22], it has some restrictions 
such as inadequate tissue acquisition and non-
ideal tissue positions [23]. To overcome the 

Table 3. Comparison of detection efficiency of 
EGFR mutation between the supernatant and 
cell pellets of pleural effusion samples by 
Kappa statistic analysis

Supernatant
+ - Total

Cell pellets + 13 0 13
- 5 18 23

Total 18 18 36
+: EGFR positive mutation; -: EGFR negative mutation.
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limitation of sample collection in EGFR targeted 
therapy, numerous studies have employed 
cytological samples to assess gene mutation, 
which is in the ascendant currently and has 
gained favorable clinical effects. In this study, 
we have selected an atraumatic tumor cell type 
for patients to whom only adjuvant chemother-
apy is available instead of conventional opera-
tive treatment, namely, deciduous hydrothorax 
tumor cell as DNA samples for clinical EGFR 
mutation detection to conduct targeted drug 
screening. These cytological samples were 
added on the basis of tumor tissues as supple-
ment for mutation assessment. Our results 
show a coherence of 95.5% (21/22) between 
mutation analyses of 22 paired biopsies and 
hydrothorax samples from 22 patients. The 
interrater reliability was found to be statistically 
significant with a value of Kappa =0.908 (P < 
0.05) which indicates fair agreement between 
these two materials [24]. It offers a kind of tan-
talizing possibility for advanced NSCLC patients 
to get the appropriate treatment inferred from 
EGFR mutation conditions. Now that fresh tis-
sue is not easily accessible for advanced 
NSCLC patients, cytological samples can serve 
as a supplement to biopsy specimen as have 
been suggested by other studies [25-31]. 
Furthermore, sensitivity methods were also 
applied in their studies [25-31].

In our study, there was one case of mutation 
that detected only in tumor tissues but not in 
cytological sample, showing an efficiency of 
92.3% (12/13) for hydrothorax samples. 
Several explanations might be responsible for 
this scenario. Firstly, even though HRM analysis 
was proved to be a suitable methodology to 
test samples with a low level of DNA content 
[12], the tumor cells collected in hydrothorax 
samples were normally far less than surgical 
samples. Secondly, since malignant mutations 
do not occur in every single tumor cell, we can-
not rule out the possibility of omitting some 
malignant tumor cells during the acquisition of 
pleural effusion. In addition, a relative small 
region or focal distribution of pathological 
change may lead to failed sampling in a non-
optimal puncture site as well. These factors can 
largely reduced the DNA quantity in pleural fluid 
to a degree even lower than the resolution 
capability of HRM analysis. Finally, even though 
hydrothorax exfoliative cytologic examination is 
an easily accessible source of specimen with 

convenient manipulation and comparatively 
high sensitivity, the veracity of hydrothorax 
samples has always been labile in different 
studies. The positive mutation rate detected in 
pleural fluid ranges from 23% to 70% as report-
ed before [32]. Based on our analyses, the pos-
itive mutation rate detected was 92.3% (12/13) 
by HRM analysis and 78.6% (11/14) by gene 
sequencing. From the above, we believe that 
the pleural effusion samples is an ideal substi-
tute of tumor tissues which can provide pivotal 
evidence for malignance diagnosis under spe-
cial circumstances, yet commonly, surgical 
tumor tissue should still be the main sample 
source. A combined test incorporating cytologi-
cal samples with biopsy tissue samples can be 
developed to guarantee the accuracy of EGFR 
mutation detection.

It is also noteworthy that the positive mutation 
rate detected from cell-free supernatant of 
pleural effusions was higher than that detected 
from cell pellets using either HRM analysis or 
direct sequencing method in our study. This is 
probably correlated with a higher content of 
dissolved tumor DNA in the supernatant. Under 
high speed of centrifugation, the tumor cells 
were damaged and DNA molecules were 
released from the nucleus, making up the dom-
inant components of the supernatant. Even 
though the pleural effusion often has low tumor 
cell content than fresh tissues, we can more or 
less offset this defect by extracting the super-
natant part for detection as far as possible. The 
conformity extrapolates to 83.3% (31/36) 
between the top phase and the sediment cells 
in pleural effusions based on HRM results. Our 
results are in accord with previous study report-
ed by Liu et al [33], suggesting the superna-
tants of pleural effusion could better reflect the 
real status of EGFR mutation. Thus, it may pro-
vide a more suitable alternative of biopsy tumor 
tissues than cell pellets.

In the current study, both the direct sequencing 
and HRM method were recruited to detect 
EGFR mutations in 36 pleural effusions and the 
matched 22 cases of tumor tissues. The accu-
racy of the study was also determined. In the 
paraffin-embedded tissues, the results of HRM 
analysis and direct sequencing achieved 100% 
congruence. While in the pleural effusion sam-
ples, HRM method is superior to sequencing 
method in detection rate with 3 uniquely 
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detected mutations, giving a congruence of 
91.7% (33/36). More specifically, these three 
mutations all came from the supernatant part 
of pleural effusions with probably higher DNA 
content than the cell pellets. This evident vari-
ance reflected the different efficiency of the 
two methods and proved that gene sequencing 
does not support investigations of most cytolo-
gy samples with low and insufficient tumor cell 
content. Generally, a threshold of 20% mutant 
tumor cells was required to be detected by 
gene sequencing reliably [3, 34].

Up to now, high-sensitivity, high-throughput and 
low-cost technologies are making an impact on 
genomic research by providing new strategies 
to fulfill gene mutation determination and scan-
ning, among which the HRM analysis has been 
specifically noted giving the prominent superi-
orities of easy operation and wide range of utili-
zation [35, 36]. Previous studies have proved 
that mutant alleles at levels of 1% to 10% can 
be detected by HRM [3, 28]. As a result, it has 
been widely used in analysis of different can-
cer-related genes. Gonzalez-Bosquet et al. per-
formed HRM analysis in exons of candidate 
genes like PIK3CA, ERBB2, KRAS, TP53, EGFR, 
BRAF, GATA3 and FGFR3 known to harbor 
established commonly observed mutations 
[13]. Their results indicating that HRM analysis 
is a rapid, sensitive and economical method 
with enormous potential for the detection of 
DNA sequence changes. Meanwhile, the intrin-
sic characteristics of HRM endows it with the 
ability to purify and directly sequence target 
DNA after analysis without damaging DNA 
structure, making it a perfect tool of SNP pre-
screening before sequencing. However, leaving 
aside all the advantages, HRM is a robust 
method that only judges the existence of muta-
tions while no detailed mutation information 
can be dissected. It cannot completely replace 
the sequencing method despite of its much 
higher sensitivity and efficiency. On the con-
trary, direct sequencing has long been used as 
a historical standard to detect all known or 
unknown mutations and provides detailed 
mutation information. So far, the status of 
genomic sequence in mutation analysis is still 
remarkable and positive samples of HRM must 
be analyzed by direct sequencing to ensure the 
accuracy. It is expected to be a serious obsta-
cle for HRM method to further develop resulting 
from its imperfection in clarifying the mutation 
type and gene sequencing has to be followed 
up to determine this issue integrally.

In conclusion, our study showed EGFR muta-
tion assessment in pleural effusion samples 
from NSCLC patients is basically consistent 
with that in tumor tissue samples obtained by 
traditional biopsy, indicating that cytological 
sample is worth to be generalized and adopted 
clinically. The results also suggested that cell-
free supernatant of pleural effusion is a more 
suitable alternative than cell pellets, but an 
increased sample size in individual level should 
be included in further research to confirm this 
finding. Meanwhile, as a sensitive and reliable 
method, HRM analysis can be well applied in 
EGFR mutation detection in somatic cells and 
mutation screening before sequencing.
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