
Abstract. Background/Aim: This study compared the efficacy
of PANAMutyper™, a novel technology that integrates
PNAClamp™ and PANA S-Melting™, and PNAClamp™
alone for the detection of EGFR mutations in lung cancer
patients. Materials and Methods: PANAMutyper™ and
PNAClamp™ were used to assess the EGFR mutation status
in tissue, cell block, pleural effusion, and blood samples of 90
lung cancer patients with malignant pleural effusion. Results:
PANAMutyper™ detected more EGFR mutations than

PNAClamp™, especially in body fluids (pleural effusion and
serum). Patients with additional EGFR mutations detected
using PANAMutyper™ had a favorable response to EGFR-
tyrosine kinase inhibitor (TKI) treatment. Conclusion: The
diagnostic performance of PANAMutyper™ was superior to
that of PNAClamp™ for the detection of EGFR mutations. It
was also better at identifying lung cancer patients with
malignant pleural effusion who were likely to benefit from
EGFR-TKI treatment.

The use of molecular agents targeting the epidermal growth
factor receptor (EGFR) is important in the treatment of
advanced non-small cell lung cancer (NSCLC) (1-3).
Multiple prospective clinical trials have demonstrated that
patients with advanced NSCLC harboring activating
mutations in the EGFR gene show improved objective
response rates and progression-free survival (PFS) when
treated with EGFR tyrosine kinase inhibitors (EGFR-TKIs)
(1, 2, 4-8). Therefore, molecular testing for EGFR mutations
has become essential for predicting whether a patient will
benefit from EGFR-TKI targeted therapy (9).

Previously, we compared peptide nucleic acid (PNA)
clamping with direct sequencing for the detection of EGFR
and K-RAS mutations. Our results showed that PNA
clamping has a better diagnostic performance and higher
clinical significance (10, 11).
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PANAMutyper™ R EGFR is a recently developed kit based
on PANA C-Melting™ technology that takes advantage of
both PNAClamp™ and PANA S-Melting™. It uses PNA
clamping-assisted fluorescence melting curve analysis for a
more sensitive detection and genotyping of EGFR mutations.

In the present study, we compared the diagnostic
performance of PNA clamping-assisted fluorescence melting
curve analysis and PNA clamping alone in matched tumor
tissue, cell block, pleural effusion, and blood samples, and
also assessed the utility of body fluids for the detection of
EGFR mutations. To our knowledge, this is the first study to
use PNA clamping-assisted fluorescence melting curve
analysis to detect EGFR mutations in pleural effusion samples,
and compare this technique with PNA clamping alone.

Materials and Methods

Patient characteristics. Ninety consecutive patients with primary lung
cancer, and malignant pleural effusion at the time of diagnosis, were
included in this study. All of the patients underwent diagnostic
thoracentesis at the Division of Pulmonology, Seoul St. Mary’s
Hospital (Seoul, Korea) between September 2008 and December 2016.
Malignant pleural effusion was diagnosed by confirmation of
malignant cells in pleural tissue, or on cytological examination. If
pleural tissue or cytological examination was unavailable, pleural
malignancy was diagnosed by an at least ten-fold increase of the upper
limit of serum CEA (carcinoembryonic antigen) level with consistent
findings of pleural metastasis on chest CT and PET-CT imaging.

All subjects provided written informed consent for the procedure,
and the study protocol was approved by the Institutional Review
Board of Seoul St. Mary’s Hospital, The Catholic University of
Korea (IRB approval number: KC16TISI0672).

DNA extraction. DNA was extracted from five 5-μm paraffin
sections of tumor tissues and cell blocks. The sections were
deparaffinized in xylene and washed in ethanol prior to DNA
extraction. For pleural fluid and whole-blood samples, a 5-ml
subsample was centrifuged immediately after collection of the liquid
specimens; 1 ml of supernatant was used in the DNA analysis. DNA
was extracted with a High Pure polymerase chain reaction (PCR)
template preparation kit (Roche Applied Science, Mannheim,
Germany). After the DNA was eluted in 50 μl of elution buffer, its
concentration and purity were measured using a NanoDrop ND-
1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE,
USA). Each PNA clamping test was carried out with 40-80 ng 
(5-10 ng/reaction) of DNA, and each PANAMutyper™ test with 
30-60 ng. The extracted DNA was stored at −20˚C until it was used.

PNAClamp™. The principle underlying the PNAClamp™ technology
is that PNA inhibits the amplification of wild-type DNA by hybridizing
to wild-type sequences, so that the mutant DNA is predominantly
amplified. It is then detected using a DNA-intercalating dye.

PNAClamp™ analysis was performed using the PNAClamp™
EGFR mutation detection kit (Panagene, Daejeon, Korea) following
the manufacturer’s instructions. Each reaction consisted of 7 μl of
DNA template, 3 μl of each PNA mix, and 10 μl of 2X premix, in
a total volume of 20 μl. The DNA in the reaction was then amplified
using the CFX96 real-time PCR instrument (Bio-Rad, Hercules, CA,

USA) with the following thermal program: pre-incubation at 94˚C
for 5 min, and 40 cycles of amplification consisting of 94˚C for 
30 sec, 70˚C for 30 sec, 63˚C for 30 sec, and 72˚C for 30 sec.

The intercalating dye signal was measured stepwise in 63˚C steps
with the threshold cycle (Ct) value of the sample determined based
on the fluorescence values measured at each step. ΔCt values were
obtained by subtracting the Ct value of the sample from that of the
standard. A ΔCt value >2.0 indicated the presence of mutant DNA.

PANAMutyper™. PANAMutyper™ technology combines
PNAClamp™ with a multiplex detection system using specific PNA
detection probes. As with PNAClamp™, the PNA clamp probe
tightly binds only to wild-type DNA sequences and thus suppresses
their amplification during PCR. The PNA probe specifically detects
target mutant DNA and each mutation is then genotyped by melting
peak analysis. As the probe is conjugated with a fluorescent dye and
a quencher, the mutant DNA can be visualized.

PANAMutyper™ analysis was performed using the
PANAMutyperTM R EGFR kit (Panagene) following the
manufacturer’s instructions. Each 25-μl reaction consisted of 5 μl
of DNA template, 19 μl of each master mix, and 1 μl of Taq
polymerase. The DNA was amplified using the CFX96 real-time
PCR instrument and the following thermal program: a UDG
incubation at 50˚C for 2 min, pre-incubation at 95˚C for 15 min, a
first round of amplification of 15 cycles (95˚C for 30 sec, 70˚C for
20 sec, 63˚C for 1 min), a second round of 35 cycles (95˚C for 
10 sec, 53˚C for 20 sec, 73˚C for 20 sec), product denaturation
(95˚C for 15 min), detection probe binding (35˚C for 5 min), and
melting analysis (35-75˚C at 0.5˚C increments; detection for 3 sec).
Four-color fluorescence signals (FAM, HEX, ROX, and Cy5) were
measured during the melting analysis. Each sample was then
genotyped based on the melting temperature (Tm), determined from
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Table I. Clinical characteristics of patients.

Variable                                                          Number              Percentage

Gender                                                                                                
   Male                                                              62                          68.9
   Female                                                           28                          31.1
Age (years)                                                                                        
   Mean±standard deviation                             72±11                        
Smoking status                                                                                  
   Never smoker                                                41                          45.6
   Ex-smoker                                                     37                          41.1
   Current smoker                                             12                          13.3
Pathology                                                                                           
   Adenocarcinoma                                           56                          62.2
   Squamous cell carcinoma                             11                          12.2
   Large cell carcinoma                                      3                            3.3
   Sarcomatoid carcinoma                                  1                            1.1
   NSCLC NOS                                                  2                            2.2
   Small cell carcinoma                                    17                          18.9
Diagnosis of malignant pleural effusion                                          
   Pleural biopsy                                                 7                            7.8
   Pleural fluid cell block only                        61                          67.8
   Clinical diagnosis                                         22                          24.4
Total                                                                  90                              

NSCLC NOS: Non-small cell lung cancer not otherwise specified. 



the melting peak of each fluorescent dye. Each sample was assessed
according to its specific fluorescence and Tm range.

Statistical analyses. Demographic data are presented as the
means±SD, or as the number (n) and percentage. Agreement
between the results of PANAMutyper™ and PNAClamp™
regarding the EGFR mutation status was confirmed using
McNemar’s test. The diagnostic performance of each method for
detecting mutations in pleural fluids is expressed in terms of the
sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV), with the mutation status determined in
tissue and cell blocks as the reference standard. A common
reference standard was used for both of the latter diagnostic
methods. A “mutation” in the reference standard was defined as the
presence of at least one mutation in a matched tissue or cell block,
as identified using either PANAMutyper™ or PNAClamp™. The
“wild-type” in the reference standard was defined by a failure to
detect a mutation with either method. In addition, Cohen’s kappa
statistic was calculated to compare the agreement between the
results from the pleural fluid sample and the reference standard
obtained with each method. PFS was defined as the time from the
date at which EGFR-TKI treatment was started until the date of
disease progression. All significance tests were two sided; A p-value
<0.05 was considered to indicate statistical significance. All
statistical analyses were performed using SAS software (ver. 9.4;
SAS Institute, Inc., Cary, NC, USA).

Results

Patient characteristics. Table I shows the demographic
characteristics of enrolled patients. The mean age of the 90
patients was 72 years, and 62 (68.9%) were male. The major

histological type of NSCLC was adenocarcinoma (62.2%).
Malignant pleural effusion was proven by pleural biopsy in
7 patients (7.8%), and by pleural fluid cell block, including
a cytology specimen, in 61 patients (67.8%).

Comparison of EGFR mutations detected by PANAMutyper™
and PNAClamp™. Table II provides detailed comparisons of
the EGFR mutations detected by PANAMutyper™ versus
PNAClamp™. In tumor tissue, EGFR mutations were
detected by PANAMutyper™ in 19 of 40 samples (47.5%)
and by PNAClamp™ in 15 of 40 samples (37.5%). In four
samples identified as wild-type by PNAClamp™, EGFR
mutations (two exon 18 G719X, one exon 19 deletion, and
one exon 19 deletion plus exon 20 T790M) were detected
with the PANAMutyper™ method. For the other 15 samples
identified as mutants, the results of the PNAClamp™ and
PANAMutyper™ methods were concordant.

In cell blocks, EGFR mutations were identified by
PANAMutyper™ in 21 of 45 samples (46.7%) and by
PNAClamp™ in 17 of 45 samples (37.8%). In all of the
PNAClamp™ group samples, the results were concordant
with those obtained using PANAMutyper™. Four additional
samples were detected as mutants only with the
PANAMutyper™ method (one exon 19 deletion, one exon
19 deletion plus exon 20 T790M, and two exon 21 L858R).

Among the 90 pleural effusion samples, PANAMutyper™
and PNAClamp™ identified EGFR mutations in 33 (36.7%)
and 23 (25.6%), respectively. In all samples of the
PNAClamp™ group, the results were concordant with those
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Table II. Distribution of EGFR mutations detected by PANAMutyper™ and PNAClamp™.

                                                                           Tissue                          Cell block                     Effusion                        Serum                        Plasma

                                                                PANA          PNA          PANA         PNA         PANA         PNA          PANA        PNA         PANA       PNA
                                                             Mutyper™   Clamp™   Mutyper™  Clamp™  Mutyper™  Clamp™   Mutyper™ Clamp™  Mutyper™Clamp™

Mutation                                                                                                                                                                                                                            
  Exon 18 G719X                                   3 (7.5)        1 (2.5)             -                 -                 -                 -             1 (1.8)            -                 -               -
  Exon 18 G719X+Exon 19 del                  -                  -                  -                 -            1 (1.1)            -                  -                 -                 -               -
  Exon 18 G719X+Exon 20 S768I             -                  -                  -                 -            1 (1.1)            -                  -                 -                 -               -
  Exon 18 G719X+Exon 21 L858R      1 (2.5)        1 (2.5)             -                 -            1 (1.1)            -                  -                 -                 -               -
  Exon 19 del                                         6 (15.0)      5 (12.5)     10 (22.2)     9 (20.0)    17 (18.9)   16 (17.8)     8 (14.0)      3 (5.3)      1 (14.3)          -
  Exon 19 del+Exon 20 T790M            2 (5.0)        1 (2.5)        2 (4.4)        1 (2.2)       2 (2.2)       1 (1.1)             -                 -                 -               -
  Exon 20 insertion                                     -                  -                  -                 -                 -                 -             1 (1.8)            -                 -               -
  Exon 20 S768I                                          -                  -             1 (2.2)        1 (2.2)       1 (1.1)            -             1 (1.8)            -                 -               -
  Exon 20 T790M                                        -                  -                  -                 -                 -                 -                  -                 -                 -               -
  Exon 21 L858R                                   5 (12.5)      7 (17.5)      8 (17.8)      6 (13.3)    10 (11.1)     6 (6.7)       6 (10.5)      4 (7.0)      1 (14.3)          -
  Exon 21 L858R+Exon 20 T790M      2 (5.0)             -                  -                 -                 -                 -                  -                 -                 -               -
  Exon 21 L861Q                                        -                  -                  -                 -                 -                 -                  -                 -                 -               -
Wild-type                                              19 (47.5)    23 (57.5)    24 (53.3)    28 (62.2)   57 (63.3)   67 (74.4)    40 (70.2)   50 (87.7)    5 (71.4)   7 (100.0)
Invalid                                                     2 (5.0)        2 (5.0)             -                 -                 -                 -                  -                 -                 -               -
Total                                                            40               40               45               45              90              90               57              57               7               7
Not measured                                             50               50               45               45               0                0                33              33              83             83

Data are presented as n (%).



obtained with PANAMutyper™. In 10 samples identified as
wild-type by PNAClamp™, EGFR mutations (three exon 19
deletions, four exon 21 L858R, one exon 20 S768I, one exon
18 G719X plus exon 20 S768I, and one exon 18 G719X plus

exon 21 L858R) were detected with PANAMutyper™. In two
samples identified by PNAClamp™ as carrying only an exon
19 deletion, PANAMutyper™ detected additional EGFR
mutations (one exon 18 G719X and one exon 20 T790M).
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Table III. Concordance between PANAMutyper™ and PNAClamp™ for the detection of detailed EGFR mutations.

                                                                                                                                      PNAClamp™

                                                               Exon      Exon     Exon     Exon    Exon 18      Exon       Wild    Total           K            Overall     McNemar’s 
                                                                 18           19          20           21        G719X       19 del       type/                 coefficient   agreement          test
                                                             G719X       del        S768I    L858R  +Exon 21 +Exon 20  Invalid                 (95%CI)      (95%CI)       p-Value*
                                                                                                                          L858R      T790M
                                                                                                                                
PANAMutyper™
Tissue
 Exon 18 G719X                                      1             -              -             -               -                 -               2           3            0.72             0.83             0.046
                                                                                                                                                                                      (0.55-0.90)  (0.67-0.93)
 Exon 19 del                                             -              4             -             -               -                 -               2           6                                                         
 Exon 21 L858R                                       -              -              -             5              -                 -               -            5                                                         
 Exon 18 G719X+Exon 21 L858R          -              -              -             -               1                -               -            1                                                         
 Exon 19 del+Exon 20 T790M                -              1             -             -               -                1               -            2                                                         
 Exon 21 L858R+Exon 20 T790M         -              -              -             2              -                 -               -            2                                                         
Wild-type/Invalid                                      -              -              -             -               -                 -              21         21                                                        
Total                                                           1             5             -             7              1                1             25         40                                                        
Cell block
 Exon 19 del                                             -              9             -             -               -                 -               1          10           0.85             0.91             0.046
                                                                                                                                                                                      (0.71-0.99)  (0.79-0.98)
 Exon 20 S768I                                         -              -             1             -               -                 -               0           1                                                         
 Exon 21 L858R                                       -              -              -             6              -                 -               2           8                                                         
 Exon 19 del+Exon 20 T790M                -              -              -             -               -                1              1           2                                                         
Wild-type/Invalid                                      -              -              -             -               -                 -              24         24                                                        
Total                                                           -              9             1             6              -                1             28         45                                                        
Effusion
 Exon 19 del                                             -            14            -             -               -                 -               3          17           0.73             0.87             0.002
                                                                                                                                                                                      (0.59-0.86)  (0.78-0.93)
 Exon 20 S768I                                         -              -              -             -               -                 -               1           1                                                         
 Exon 21 L858R                                       -              -              -             6              -                 -               4          10                                                        
 Exon 18 G719X+Exon 21 L858R          -              -              -             -               -                 -               1           1                                                         
 Exon 18 G719X+Exon 19 del                -              1             -             -               -                 -               -            1                                                         
 Exon 18 G719X+Exon 20 S768I           -              -              -             -               -                 -               1           1                                                         
 Exon 18 G719X+Exon 19 del                -              1             -             -               -                1               -            2                                                         
Wild-type/Invalid                                      -              -              -             -               -                 -              57         57                                                        
Total                                                           -            16            -             6              -                1             67         90                                                        
Serum
 Exon 18 G719X                                      -              -              -             -               -                 -               1           1            0.53             0.82             0.002
                                                                                                                                                                                      (0.29-0.77)  (0.70-0.91)
 Exon 19 del                                             -              3             -             -               -                 -               5           8                                                         
 Exon 20 ins                                              -              -              -             -               -                 -               1           1                                                         
 Exon 20 S768I                                         -              -              -             -               -                 -               1           1                                                         
 Exon 21 L858R                                       -              -              -             4              -                 -               2           6                                                         
Wild-type/Invalid                                      -              -              -             -               -                 -              40         40                                                        
Total                                                           -              3             -             4              -                 -              50         57                                                        
Plasma
 Exon 19 del                                             -              -              -             -               -                 -               1           1               -                0.71             0.500
                                                                                                                                                                                                          (0.29-0.96)
Exon 21 L858R                                         -              -              -             -               -                 -               1           1                                                         
Wild-type/Invalid                                      -              -              -             -               -                 -               5           5                                                         
Total                                                           -              -              -             -               -                 -               7           7                                                         

*All patients were categorized into two groups: mutant/wild-type.



PANAMutyper™ detected EGFR mutations in 17 out of
57 (29.8%), and PNAClamp™ in 7 out of 57 (12.3%), serum
samples. In the PNAClamp™ group, the EGFR mutation
status results were concordant with those obtained using
PANAMutyper™. However, 10 additional mutations were
detected only by PANAMutyper™ (one exon 18 G719X,
five exon 19 deletions, one exon 20 insertion, one exon 20
S768I, and two exon 21 L858R).

Among the seven plasma samples, mutations (one exon 19
deletion and one exon 21 L858R) were identified in two
using PANAMutyper™, whereas using PNAClamp™ all
samples were identified as wild-type.

Concordance of PANAMutyper™ and PNAClamp™. The
degree of diagnostic concordance between PANAMutyper™
and PNAClamp™ in tissue, cell block, effusion, serum,
and plasma samples is presented in Table III. Concordant
cases were those in which one diagnostic method detected
a mutation, and the same, plus additional mutations were
detected by the other. Discordance between the two
diagnostic methods occurred in tissue (p=0.046), cell
block (p=0.046), effusion (p=0.002), and serum
(p=0.002) samples. In all these cases, the discordance
resulted from an additional EGFR mutation detected by
PANAMutyper™. PNAClamp™ detected no additional
mutations.

Diagnostic performance of the two methods in detecting
EGFR mutations in pleural effusion. Compared with the
results obtained with a matched tissue or cell block
(reference standard) sample, PANAMutyper™ detected
EGFR mutations in pleural effusion samples with an
83.87% sensitivity, 100% specificity, a PPV of 100%, and
an NPV of 88.10%. The corresponding values for
PNAClamp™ were 61.29%, 100%, 100%, and 75.51%
(Table IV). Thus, in the test using pleural effusion samples,
the sensitivity of PANAMutyper™ was significantly better
(p=0.016).

Comparison of the EGFR-TKI response according to
mutations detected by PANAMutyper™ and PNAClamp™. Of
the 90 patients enrolled in the present study, 26 underwent
EGFR-TKI treatment. The mutation status of their disease, as
well as their response to EGFR-TKI treatment, are presented
in Table V. Compared with patients whose disease was not
characterized by an EGFR mutation (patients 5-7), a
favorable response, including a longer PFS, occurred in most
of the patients in whom EGFR mutations were detected in
any sample by PANAMutyper™ and PNAClamp™. Twenty
of these patients had a partial response, one had stable
disease, and two had no evaluable disease.

In 15 of these 26 patients, PANAMutyper™ detected
additional mutations in any sample that were not detected by
PNAClamp™. After EGFR-TKI treatment, 13 of these
patients had a partial response, one had stable disease, and
one had non-evaluable disease.

In patient 3, who had an invalid or wild-type status in the
tissue, cell block, and effusion samples, the EGFR-activating
mutation L858R in exon 21 was detected in the serum, but
only by PANAMutyper™. This patient had a partial response
to EGFR-TKI treatment, which could not be prescribed for
a longer period due to the development of interstitial lung
disease. In patient 8, in whom the EGFR mutation status
could not be determined in the tumor tissue or cell block, an
EGFR-activating (exon 19 del) mutation was detected by
PANAMutyper™ in pleural effusion and serum. The PFS of
this patient was 299 days (Figure 1). Three patients (9, 16,
24) in whom an exon 20 T790M mutation was detected had
a partial response to EGFR-TKI treatment.

Discussion

This study was designed to compare the diagnostic efficiency
of PANAMutyper™ and PNAClamp™ in the detection of
EGFR mutations in tissue, cell block, pleural effusion, and
blood samples. There was a high concordance between the
two methods, although in all sample types more EGFR
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Table IV. Diagnostic performance of two methods in pleural effusion compared with matched tissue or cell block.

                                                  Mutation     Wild-type    Total        Sensitivity             Specificity                  PPV                     NPV           K coefficient
                                                                                                           (95%CI)*               (95%CI)                 (95%CI)              (95%CI)            (95%CI)

                                                                                                                   Reference standard: Tissue or cell block

Effusion of PANAMutyper™                                                                                                                                                                                       
  Mutation                                      26                 0              26               83.87                    100.00                   100.00                 88.10                 0.85 
  Wild-type                                      5                 37             42        (66.27-94.55)       (90.51-100.00)      (86.77-100.00)     (74.37-96.02)      (0.72-0.98)
Effusion of PNAClamp™                                                                                                                                                                                             
  Mutation                                      19                 0              19               61.29                    100.00                   100.00                 75.51                 0.63 
  Wild-type                                     12                37             49        (42.19-78.15)       (90.51-100.00)      (82.35-100.00)     (61.13-86.66)      (0.46-0.81)

*p-Value of McNemar’s test for comparing sensitivities=0.016.



mutations were detected with PANAMutyper™ than with
PNAClamp™. Interestingly, the EGFR mutations additionally
detected with PANAMutyper™ were more prominent in
pleural effusion and serum samples than in tissue and cell
block samples. Among the 15 patients with EGFR mutations
additionally detected in any sample by PANAMutyper™, 14
patients had a favorable response to EGFR-TKI treatment; in
the other patient the response was not evaluable. These
findings suggested the greater efficacy of PANAMutyper™
compared to PNAClamp™ in identifying patients likely to
benefit from EGFR-TKI treatment.

PNA is a synthetic DNA analog that binds strongly to its
complementary DNA sequence (12). In PNA clamping PCR,
which uses a PNA oligomer, binding of the PNA to wild-type
EGFR DNA enables rapid detection of EGFR mutations with
high sensitivity (13). The wild-type DNA cannot be
amplified by the tightly bound PNA probe and the mutated
DNA sequences are selectively PCR-amplified.
PNAClamp™ allows the efficient detection of somatic
mutations, such as those in the EGFR and K-RAS genes. In
PANA S-Melting™, multiplex melting curve analysis is
carried out using a fluorescently labeled PNA probe. The
technique is based on the change in the fluorescence signal
following thermal denaturation of the sample (Tm shift).
Thus, PANA S-Melting™ is a powerful tool for the detection
of mutations for both screening and genotyping purposes.

By integrating PNAClamp™ and PANA S-Melting™,
PANA C-Melting™ takes advantage of both technologies. It
is able not only to detect mutations, present at low levels,
with high sensitivity, but also to genotype multiple mutations
simultaneously by taking advantage of the changes in Tm
that are due to sequence changes in the target gene.
PANAMutyper™ R EGFR using PANA C-Melting™

technology can segregate mutant from wild-type genes with
a sensitivity of 0.1-0.01% (14).

The use of molecular biomarkers in body fluids, such as
pleural fluid, serum, and plasma, may be clinically helpful
for predicting therapeutic response to treatments such as
EGFR-TKI. Among the advantages of using body fluids are
their easy accessibility, the non-invasive means used to
collect them, the option of repeated sampling, and their
availability when tumor tissues cannot be obtained.
However, there are insufficient data to evaluate the utility of
body fluids in determining the overall mutation rates and
EGFR-TKI responses.

Malignant pleural effusion is a common complication of
lung cancer, with an incidence at the time of diagnosis of 8-
15% (15). Pleural effusion can be sampled relatively easily
in NSCLC patients and is particularly useful in those with
inoperable disease. The presence of tumor cells in pleural
fluid makes it a good source of tumor DNA, as even a small
amount of soluble DNA in cell-free pleural fluid is sufficient
for most molecular analyses (16-18). The present study
demonstrated the good diagnostic performance of pleural
effusion samples in the detection of EGFR mutations. Of the
technologies tested, the sensitivity of PANAMutyper™ was
significantly higher than that of PNAClamp™.

The yield of malignant cells in a malignant effusion sample
is approximately 60% (19), but this is not a limitation with the
novel methods used in this and other studies with respect to
detecting EGFR mutations in cell-free DNA. For example, the
PPV and NPV of cell-free malignant pleural effusion analyzed
using the amplified refractory mutation system (ARMS) was
100% and 71.4%, respectively, compared to matched tissue
samples (20). Chen et al. (21) showed that the sensitivity of
PNA-sequencing (63.2%) and RNA sequencing (65.4%) in the

in vivo 33: 595-603 (2019)

600

Figure 1. Representative chest CT images of a lung cancer patient (case 8) who received EGFR-TKI treatment for 2 months. The EGFR exon 19
deletion was detected in pleural effusion and serum samples only by PANAMutyper™.
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analysis of malignant pleural effusion was better than that of
direct sequencing (56.4%). In our study, PANAMutyper™ had
good diagnostic performance, shown by a sensitivity of
83.87%, specificity of 100.00%, PPV of 100.00%, and NPV
of 88.10%. These values were higher than those reported in
two previous studies (20, 21).
EGFR mutation status is typically assessed by direct

sequencing of exons 18 to 21 of the EGFR gene. However,
more sensitive methods are now available (22, 23), as we
have previously shown in a study comparing PNA clamping
with direct sequencing (10).

Despite the encouraging results, our study had several
limitations. First, the number of patients was small. Second,
the tumor tissue and cell block samples were not matched in
number, because after routine pathological examination some
specimens were insufficient. Third, there were too few
plasma samples to allow analysis of the clinical relevance of
plasma with respect to EGFR mutation detection using the
methods described herein. However, to the best of our
knowledge, this is the first study to evaluate the diagnostic
performance of PNA clamping-assisted fluorescence melting
curve analysis, and to compare its efficacy in different
samples, including pleural fluids.

In conclusion, our results demonstrate the good diagnostic
performance of PANAMutyper™ and its superiority compared
to PNAClamp™ in the analysis of body fluid samples.
Nonetheless, there was a high concordance between the results
obtained with the two methods. More sensitive and accurate
detection of EGFR mutations would allow for identification
of a higher number of lung cancer patients likely to benefit
from EGFR-TKI treatment, and therefore the design of a more
personalized therapeutic approach for these patients.
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