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Abstract 

 

Introduction: Activating mutations in the eidermal growth factor receptor (EGFR) 

in non-small cell lung carcinoma (NSCLC) are significantly associated with 

responsiveness to EGFR tyrosine kinase inhibitors (TKIs). The aim of this study 

was to investigate the suitability of cytological specimens for assessing EGFR 

mutations in lung adenocarcinomas.  

Methods: Sixty paired histological and cytological specimens of lung 

adenocarcinoma were collected. Exons 18-21 of EGFR gene were amplified using 

PCR, and the mutation status of each sample was analyzed by pyrosequencing. A 

comparison of the EGFR mutation status between the histological specimens and 

cytological specimens was performed. 

Results: The overall EGFR mutation concordance rate between the histological 

specimens and the corresponding cytological specimens was 91.7%. No significant 

difference was observed in terms of the concordance rate between the cytological 
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specimens from primary lesions and the specimens from metastatic lesions (P = 

0.63). The following parameters correlated with the most reliable EGFR mutation 

results using the pyrosequencing method (100% concordance with the 

corresponding histological specimens) in the cytological samples: a DNA 

concentration greater than 25 ng/μL, content of more than 30 tumor cells or a tumor 

percentage of more than 30%. 

Conclusion: Routinely prepared cytological specimens are reliable sources for 

assessing EGFR mutation status. The cytological specimens from metastatic lesions 

and primary tumors are suitable for the successful assessment of EGFR mutation 

status. 
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Introduction 

 

Non-Small Cell Lung Cancer and Therapy 

Lung cancer is the leading cause of cancer death worldwide, and almost 70% 

of patients present with locally advanced or metastatic disease at the time of 

diagnosis, and only a small proportion of non-small cell lung cancer (NSCLC) 

patients are eligible for surgical resection.
1
 In Korea, there were about 18,000 new 

lung cancer cases, representing 10.5% of all new cancers. It was also the most 

common cause of death from cancer, with 15,000 deaths (21.4% of the total).
2
 

Despite progress in the multimodality treatment of lung cancer in the past several 

decades, the 5-year survival rate for lung cancer remains poor. Surgery, 

chemotherapy, and radiation have been used with generally unsatisfactory results in 

advanced disease.
1
  

 

EGFR Mutations and NSCLC 
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Major discoveries in the molecular pathogenesis of lung cancer have led to 

successful applications of targeted therapeutic strategies.
3-7

 Substantial progress has 

been made toward understanding the tumor biology of NSCLC during the last few 

years. One representative of these successes is the subset of lung cancer patients 

with epidermal growth factor receptor (EGFR) mutations who have shown 

improved clinical response to tyrosine kinase inhibitors (TKIs).
6, 8-10

 Therefore, 

molecular testing for EGFR mutations is of increasing clinical importance in daily 

practice.  

EGFR is one of four receptor tyrosine kinases (RTKs) of the EGFR family 

(also known as the HER or ERBB family), which is composed of the following 

members: EGFR/HER1/ERBB1, HER2/ERBB2/NEU, HER3/ERBB3 and 

HER4/ERBB4. The binding of ligands, such as epidermal growth factor (EGF), 

induces the formation of receptor homo- or hetero-dimers and activates EGFR 

tyrosine kinase activity. Activated EGFR phosphorylates its substrates rapidly and 

thereby relays signals to the PI3K–AKT–mTOR pathway involved in cell survival, 
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or to the RAS–RAF–MEK–ERK pathway involved in cell proliferation.
11-13

 In April 

2004, two groups of researchers in Boston and subsequently a group in New York 

reported that activating mutations of EGFR were present in a subset of NSCLC 

(female, non-smoking, adenocarcinoma, particularly with a bronchioloalveolar 

carcinoma component and in patients of East Asian origin) and that tumors with 

EGFR mutations are highly sensitive to EGFR TKI.
13-15

 

 

EGFR Mutation Analysis 

Some early studies have evaluated for the presence of EGFR overexpression 

using immunohistochemistry, polysomy and amplification using fluorescent in situ 

hybridization (FISH), and gene mutations using the PCR. Further study showed that 

EGFR mutation is a better predictor of response to tyrosine kinase inhibitors in non-

small cell lung carcinoma than FISH, chromogenic in situ hybridization (CISH), 

and immunohistochemistry (IHC).
8
 Most NSCLC patients present with advanced 

stage at the time of diagnosis, and surgical treatment is not recommended. In these 
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cases, the diagnosis of lung cancer is often based on cytological specimens, such as 

fine needle aspiration (FNA), pleural fluids and bronchial washing or brushing, and 

the cytological samples may be the only material available for EGFR analysis. 

Therefore, understanding whether cytology specimens are adequate for EGFR 

mutational analysis is of crucial clinical importance. 

 

EGFR Gene Status in Cytological Samples 

Cytology specimens have not been widely used for sequence analysis due 

primarily to heterogeneity within samples, which precludes manual microdissection, 

and due occasionally to lack of paraffin-embedded material or sparse cellularity.
16

  

Several studies have examined the EGFR mutational status using cytological 

specimens and have demonstrated a similar or higher frequency of mutations in 

these specimens than in surgical specimens,
17-26

 but few of these studies have 

compared histological specimens and cytological specimens from the same patient. 

Therefore, the results of these studies have not confirmed whether the mutational 
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status in cytological specimens can reflect the results from histological specimens 

from the same patient. In addition, several studies have reported on the EGFR 

mutational status in primary and metastatic lesions; however, comparisons of the 

mutational status between primary tumors and metastatic lesions using cytological 

specimens have not been reported.
27-29

  

Various types of cytological preparations have been used for EGFR mutation 

testing. In a comparison of Papanicolaou-stained slides, cytologic archived slides, 

and biopsy specimens, better results (percentage of samples successfully analyzed) 

were obtained from analyses of the first PCR products using the cytologic slides 

rather than the results obtained using the biopsy specimens, regardless of the 

amount of tumor cells examined. In addition, it was suggested that DNA is better 

preserved in the methanol-fixed samples than in the formalin-fixed specimens, with 

the recommendation for the use of methanol for better fixation of samples.
30

 

A study have evaluated the minimal number of cells for successful EGFR 

DNA sequence analysis, the quality of DNA chromatograms from exons 18, 19, 20, 
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and 21 of the EGFR gene obtained from 30, 50, and 100 cancer cells. The best 

result was obtained when 100 cells were used, followed by 50 and 30 cells. The 

point mutation in exon 21 (L858R), however, was identified even when only 30 

cells were used.
31

 Other studies showed that mutations could be detected in samples 

containing as few as 1% of tumor cells, using more sensitive novel technologies 

such as high-resolution melting analysis (HRMA) or peptide nucleic acid-locked 

nucleic acid (PNA-LCA) PCR clamp.
20, 32

 

A recent review indicated that the most commonly used cytological specimens 

for assessing EGFR mutations is formalin-fixed and paraffin-embedded (FFPE) cell 

blocks followed by archival smear slides and fresh cells.
33

 Because cell blocks and 

archival smear slides are the most commonly utilized preparations, an evaluation of 

the suitability of these two specimens for EGFR mutation testing is necessary. 

The aim of this study was to compare EGFR mutations between histological 

and cytological specimens in lung adenocarcinomas and to investigate the 

applicability of molecular testing for EGFR mutations in cytological specimens. 
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Patients and Methods 

 

Sample Collection 

We retrospectively reviewed 382 cases of surgically resected or biopsied 

primary NSCLC with EGFR mutation testing at Seoul National University Bundang 

Hospital (SNUBH) between October 2006 and March 2012. We searched for cases 

with available cytological specimens, such as aspiration cytology from the primary 

tumor, bronchial washing cytology, sputum, mediastinal lymph node metastasis or 

pleural fluid metastasis. In total, 60 cases were evaluated. 

The 60 histological specimens consisted of either biopsy (11 transbronchial 

biopsy and 22 fine needle biopsy specimens) or resection materials (27 cases). The 

60 cytological specimens included 36 cases of primary lung carcinomas and 24 

cases of metastatic lesions. The 36 primary cases consisted of 31 FNAs, 2 bronchial 

washing and 3 sputum cytology specimens. The 24 metastatic lesions consisted of 7 

lymph node FNAs, 16 pleural effusions and 1 ascites specimen. Of the 60 

cytological specimens, 43 cases had both cell blocks and archival smear slides for 
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comparison of the EGFR mutational status. (Table 1).  This study was approved by 

institutional review board. 

 

Specimens Preparation 

Direct smears were prepared routinely as follows: slides used for direct smears 

were fixed in Carnoy solution and stained with Papanicolaou (Pap) stain. The regres

sive Pap staining method was performed by hand as follows: 95% alcohol (10 dips),

 tap water (10 dips), Harris hematoxylin (up to 1 minute), tap water (10 dips), 1% h

ydrochloric acid (1 quick dip), and tap water to rinse off the acid. After checking sta

ining quality of cellularity microscopically, the slides were rinsed in 95% (10 dips, 

Х 3), 100% alcohol (10 dips, Х 2), xylene (10 dips, Х 2), and then cover slipped. R

epresentative images of the direct smears are shown in Figure 1. 

CB sections were prepared routinely as follows: the rinse (RPMI 1640, Gibco 

brand; Invitrogen by Life Technologies, Carlsbad, California) from FNA or body fl

uid was centrifuged at 1500 rpm for 5 minutes. The cell pellet was mixed wit
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h an equal amount of 10% formalin and 95% ethanol and then centrifuged a

t 1500 rpm for 10 minutes. The button of concentrated material was folded i

n shark skin filter paper and placed within a tissue cassette. The tissue casse

tte was placed in a specimen bucket with 10% formalin and processed in the

 histology lab. The sections from the paraffin-embedded block were stained 

with hematoxylin and eosin (Figure 2). 

 

Cytology Specimen Selection for EGFR Mutation Testing 

After initial specimen selection, all of the original slides were reviewed by an 

expert pathologist to confirm the cytologic diagnosis. Tumor percentage was 

evaluated based on the number of tumor cells compared to all nucleated cells in the 

specimen, and graded by consensus into three categories of tumor percentage: ≤ 

30%; 31% to 50% and > 50%.; The slides were also assessed for the number of 

tumor cells and graded by consensus into four categories: ≤ 30 cells; 31 to 50 cells; 

51 to 100 cells; and > 100 cells. Cell blocks were evaluated in the same way.  
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DNA Extraction 

For histological specimens and cell block specimens, genomic DNA was 

extracted from formalin-fixed and paraffin-embedded tissue as described 

previously.
15, 16

 After deparaffinization with xylene, tissue sections were stained 

with hematoxylin and eosin stained sections, and target lesions were selectively 

dissected to minimize any non-neoplastic cells contamination. QIAamp DNA 

Minikit (Qiagen, Hilden, Germany) was used for genomic DNA isolation according 

to the manufacturer’s instructions. A prolonged (48h) proteinase K digestion was 

performed on all formalin fixed paraffin embedded tissues, this long digestion time 

releases amplifiable nucleic acids by reversing formalin-induced cross-links.
34

 For 

the archival slides, For the archival slides, the DNA was extracted as follows: the 

area containing the highest proportion of tumor cells was marked on the underside 

of each slide using a marking pen. Next, the slides from all specimens were 

incubated in xylene overnight to remove the coverslips. After removing the 

coverslips from the archival slides, tumor cells were scraped and DNA was 
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extracted. Briefly, 20 to 50 μL of DNA extraction buffer solution (50 mM Tris 

buffer, pH 8.3; 1 mM EDTA, pH 8.0; 5% Tween 20; and 100 mg/mL proteinase K) 

with 10% resin was added to the scraped cells and incubated at 56 ℃ for a 

minimum of 1 hour. After incubation, the tubes were heated to 100 ℃ for 10 

minutes and centrifuged to pellet the debris, and 5 μL of the supernatant was used in 

the PCR reaction. A representative case is presented in Figure 3.  

 

PCR Amplification and Pyrosequencing Mutation Analysis 

EGFR mutations in exons 18–21 were examined using a polymerase chain 

reaction (PCR) and pyrosequencing method as previously described.
34

 Each PCR 

mix contained the forward and reverse primers (each 20 pmoL), 20 mmoL each of 

dNTP, 50 mmoL of MgCl2, 10 Х PCR buffer, 50 U/μL of Immolase DNA 

polymerase, and 5 μL of genomic DNA in a total volume of 50 μL. The PCR 

products were electrophoresed in a 3% agarose gel to confirm the successful 

amplification of the PCR product. Forty microliters of PCR product were bound to 
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streptavidin Sepharose HP (GE Healthcare, Uppsala, Sweden), purified, washed, 

denatured using a 0.2 mol/L NaOH solution, and washed again. Then, 0.3 μmol/L 

pyrosequencing primer was annealed to the purified single-stranded PCR product, 

and pyrosequencing was performed on a PyroMark ID system (Qiagen) following 

the manufacturer’s instructions.  

 

Statistical Analysis 

Statistical analyses were performed using Fisher’s exact test or the X
2
 test, and 

Spearman Correlation analysis was performed using the SPSS software (SPSS 

Statistics 18.0, SPSS Inc.). Correlations between the DNA concentration and tumor 

cell number and tumor percentage were analyzed by Pearson's correlation. 

Statistical significance was determined by a two-tailed P< 0.05. 

We evaluated the suitability of cytological specimens for EGFR mutation testi

ng by calculating the sensitivity, specificity, and diagnostic accuracy. The results of 

EGFR mutation testing from the histological specimens were used as the gold stand
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ard in this study. To calculate true positive (TP), true negative (TN), false psitive (F

P) and false negative (FN) accuracy, we used the following formulas: sensitivity = 

TP/(TP + FN) Х 100; specificity = TN/(TN + FP) Х 100; and accuracy = (TP + TN)

/(TP + TN + FP + FN) Х 100.  
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Results 

 

Cytology Specimen Evaluation 

Cytology specimens were reviewed to assess the quality and quantity of tumor 

tissue for molecular testing. The specimens were evaluated with regards to 3 

parameters: DNA concentration, estimated total tumor cell number and approximate 

tumor percentage (Table 2). The concentration of DNA extracted from the smear 

slides ranged from 5.4 to 745.5 ng/μL(mean, 159.5; median, 89.4). The 

concentration of DNA extracted from the cell blocks ranged from 3.8 to 324.6 

ng/μL(mean, 59.6; median, 40.7). Evaluation of tumor cells indicated estimated 

total tumor numbers of 15 to 1200 cells (mean, 411.9; median, 300) in smear slides 

and 10 to 1000 cells (mean, 231.9; median, 90.0) in cell blocks. The percentage of 

tumor cells ranged from 20.0% to 85.0% (mean, 66.5%; median, 70.0%) in smear 

slides and from 10.0% to 75.0% (mean, 48.3%; median, 50.0%) in cell blocks. The 

smear slide specimens contained significantly higher DNA concentrations, cell 
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numbers and tumor percentages than the cell block specimens (P < 0.001). The 

DNA concentration correlated with both the tumor cell number (R = 0.873, P < 

0.001 for smear slides and R = 0.879, P < 0.001 for cell blocks) and the tumor 

percentage (R = 0.391, P = 0.002 for smear slides and R = 0.816, P < 0.001 for cell 

blocks) in smear slides and cell blocks (Figure 4). Among the different types of 

cytology specimens, FNAs contained significantly higher DNA concentrations and 

cell numbers than did fluid specimens (P = 0.019 and P = 0.001, respectively). 

 

Concordance in EGFR Mutations between Histological and 

Corresponding Cytological Specimens 

The EGFR mutation test results from 60 histological and corresponding 

cytological specimens are shown in Table 3. The concordance rate in EGFR 

mutations between histological specimens and the corresponding smear slides 

specimens was 91.7% (55 of 60) and 81.4% (35/43) between histological specimens 

and the corresponding cell blocks specimens (Table 4). The FNA specimens showed 
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100% concordance with the corresponding histological specimens. There are 3 

discordant cases in the smear slides specimens and 6 discordant cases in cell blocks 

specimens. Two cases showed the discordant results with the histological specimens 

in both smear slides and cell block specimens. In total, the EGFR mutation status 

was discordant in 11 cases, despite repeated analysis (Table 5). The 11 discordant 

cases included 4 pleural effusions, 5 cases of FNAs and 2 sputum specimens. In 

cases that fulfilled one of the 3 criteria (i.e., > 25 L DNA concentration, > 30 

tumor cells, or > 30% tumor percentage), the cytological specimens showed 100% 

concordance with the corresponding histological specimens. 

 

EGFR Mutation in Cytological Specimens from Primary 

Tumor Tissue and Metastatic Lesions 

To determine whether the EGFR mutation testing performed on cytological 

specimens from metastatic lesions is as reliable as cytological specimens from the 

primary tumor sites, we compared the concordance rate in the EGFR mutations 
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between histological specimens and corresponding cytological specimens from the 

primary tumor site and cytological specimens from the metastatic lesions. The 

concordance rate was 94.4% (34 of 36) between histological specimens and the 

corresponding cytological specimens from primary lesions and 87.5% (21 of 24) 

between histological specimens and the corresponding cytological specimens from 

metastatic lesions. No significant difference was observed in the concordance rate 

between cytological specimens from primary lesions and those from metastatic 

lesions (P = 0.63) (Table 4). 

 

Comparison of EGFR Mutations between Smear Slides and 

Cell Blocks 

To validate the mutational results obtained from the smear slides and the 

corresponding cell blocks, a comparison of the EGFR mutations between 

histological specimens and the corresponding smear slides and cell blocks was 

performed in the 43 cases for which both smear slides and cell blocks were 
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available. The EGFR mutation concordance rate between histological specimens 

and the corresponding smear slides specimens or cell blocks was 95.3% (41 of 43) 

and 81.4% (35 of 43), respectively. The concordance rate was significantly higher in 

corresponding smear slides (95.3%, 41 of 43) than in cell blocks (81.4%, 35 of 43) 

(P = 0.04) (Table 4). The sensitivity, specificity and accuracy were 90.4%, 100.0%, 

and 91.6% in smear slides and 78.9%, 100.0%, and 81.4% in cell blocks, 

respectively. In cases with sufficient number of tumor cells, both the smear slides 

and cell blocks specimens showed the 100% concordance rate compare with the 

histological specimens. 
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Discussion 

 

In this study, we demonstrated a notably high concordance in the EGFR 

mutational status between histological specimens and corresponding cytological 

specimens in lung adenocarcinoma. The sensitivity, specificity and accuracy were 

90.4%, 100.0%, and 91.6% in smear slides and 78.9%, 100.0%, and 81.4% in cell 

blocks, respectively. All of the discordant cases contained lower DNA 

concentrations, lower tumor cell numbers and lower tumor percentages. The 

quantity and quality of the DNA are also important, and the low number of tumor 

cells present in cytological samples may constitute a problem for obtaining 

sufficient material for molecular analysis. It is well known that DNA isolated from 

FFPE tissue is often fragmented and cross-linked and associated with decreased 

PCR yields.
35

 In our study, the histological and cell block specimens are FFPE 

tissue, so this potential influence should be taken into consideration. 

Pyrosequencing is a sequencing-based methodology that utilizes pyrophosphate 
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molecules generated from nucleotide incorporation by Taq polymerase to create 

sequence data output. Data are displayed in the form of a pyrogram created by 

peaks representing incorporation of nucleotides in a specific order. Peak height is 

directly proportional to the number of individual nucleotides incorporated; 

pyrosequencing is thus a quantitative technology.
36

 This method is primarily used 

for sequencing short lengths of DNA (up to 100 bases) and detecting single 

nucleotide polymorphism. So this methodology is suited to analyse short DNA 

sequences such as those typically extracted from FFPE specimens.
37, 38

 In addition, 

studies have investigated and demonstrated the pyrosequencing method is 

sufficiently sensitive method for K-Ras, BRAF and EGFR mutations test, using the 

DNA extracted from paraffin-embedded samples.
34, 36, 39

 In our study, the false-

negative present in both smear slides and cell blocks specimens that have lower 

DNA concentrations, lower tumor cell numbers and lower tumor percentages. If the 

false-negative results are due to the DNA fragmentation extracted from FFPE 

specimens, the false-negative results should not exist in smear slides specimens. 
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Besides, the PCR products have been analyzed by electrophoresis in a 3% agarose 

gel to confirm the successful amplification of the correct PCR products.  

A previous study has evaluated the minimal number of cells required for 

successful EGFR DNA sequence analysis, and the best result was obtained when 

100 cells were used followed by 50 and 30 cells.
31

 In our study, mutations could not 

be detected in samples with fewer than 20 tumor cells, and in the cases containing 

more than 30 tumor cells, the cytological specimens showed 100% concordance 

with the corresponding histological specimens. The lowest tumor percentage with 

which a mutation was detectable was 15% in our study. This result is much lower 

than those of previous studies in which mutations were detectable in cytology 

samples with tumor percentages of at least 25% to 50% using a direct sequencing 

method.
16, 40, 41

 

Based on the results, our study demonstrated that the minimum requirements 

for cytology samples for successful EGFR pyrosequencing analysis are a DNA 

concentration of greater than 25 ng/L, the presence of more than 30 tumor cells or a 
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tumor percentage of greater than 30%. We recommend that cytology specimens that 

satisfy at least one of the three requirements can be utilized for EGFR mutation 

testing by pyrosequencing method.  

The concordance rate in EGFR mutations between histological specimens and 

the corresponding cytological specimens from primary tumors was slightly higher 

than the concordance rate in EGFR mutations between histological specimens and 

the corresponding cytological specimens from metastatic lesions. In our study, the 

majority of the cytological specimens from primary tumors were FNAs (31 of 36), 

and the majority of the cytological specimens from metastatic lesions were pleural 

fluid (16 of 24). FNA specimens contained higher DNA concentrations and more 

tumor cells than did pleural fluid specimens (P = 0.019 and P = 0.001, respectively) 

This difference may be due to the following factors: 1) FNA targets the tumor 

lesions directly and the specimen may contain rich tumor cell component; and 2) 

pleural fluid specimens contain more non-tumor cell components, such as 

inflammatory cells and mesothelial cells.  
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Recently, the intratumoral and intertumoral heterogeneity of EGFR mutation 

within individuals has been reported.
27-29, 42, 43

 A recent study has demonstrated that 

heterogeneity in the distribution of EGFR mutations is extremely rare in lung 

adenocarcinoma, and pseudoheterogeneity occurs due to a combination of mutant 

allele-specific imbalance and heterogeneously distributed EGFR amplification, 

which may give rise to the different molecular profiles in different studies.
29

 

Therefore, we speculated that the discordant cases in the metastatic lesions may be 

not due to heterogeneity in the distribution of EGFR mutations but to the low 

quality and quantity of the materials; further study is required to confirm our 

speculation. 

We also compared the feasibility of performing EGFR mutation analysis on 

cytological specimens processed in two different ways (smear slides and formalin-

fixed, paraffin-embedded cell blocks). The smear slide specimens showed 

significantly higher concordance rates with the histological specimens (P = 0.04) 

than cell blocks. However, in cases with sufficient number of tumor cells, both the 
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smear slides and cell blocks showed 100% concordance rate compared with the 

histological specimens. The smear slide specimens contained significantly higher 

DNA concentrations, cell numbers and tumor percentages than cell blocks 

specimens (P < 0.001). This difference could be explained by 3 factors: (1) as the 

diagnosis of NSCLC is no longer acceptable for the patients’ management, most of 

the cell block specimens were used for immunohistochemistry at diagnosis for 

correct characterization of tumor subtype, which leads lower residual tumor cell 

content in cell blocks than archival slides; (2) low tumor cell percentages could be 

due to relatively high representation of non-tumor cell components in the cell block. 

The tumor cells can be selectively scraped from the smears, which reduce non-

tumor cell contamination during DNA extraction. Although we performed selective 

dissection from the cell blocks, stromal cells and inflammatory cells may have 

reduced the percentage of tumor cells due to the stochastic distribution of the 

malignant and nonmalignant cells in the cell block. (3) formalin-fixation can lead to 

nucleic acid degradation.
35
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In summary, we demonstrated that cytological specimens are adequate and 

reliable sources for EGFR pyrosequencing analysis. In addition, cytological 

materials from both metastatic lesions and primary tumors can be used for EGFR 

mutational analysis.  
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Table 1  Patients’ characteristics 

Characteristics  No. Percent 

Total 60 100.0% 

Source of histological specimens  
  

Biopsy 33 55.0% 

Resection 27 45.0% 

Source of cytological specimens  
  

Primary lesions 36 60.0% 

FNA (lung) 31 86.1% 

Bronchial washing 2 5.6% 

Sputum 3 8.3% 

Metastatic lesions 24 40.0% 

FNA (LN) 7 29.2% 

Pleural fluid 16 66.6% 

Ascites 1 4.2% 

EGFR mutation status 
  

Exon 19 and Exon 21 1 1.7% 

Exon 19  31 51.7% 

Exon 21 20 33.3% 

Wild type 8 13.3% 

Abbreviations: EGFR, epidermal growth factor receptor; FNA, 

fine-needle aspiration; LN: lymph node.   
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Table 2 Specimens Characteristics 

Specimen Total DNA Concentration (ng/ul)  p   Cell Number p  Tumor Percentage (%) p  

  
≤ 25 26-50 >50 0

a
 ≤ 30 31-50 51-100 >100 0

a
 ≤30% 31-50% >50% 0

a
 

Mean, medium 159.51, 89.4 
 

411.9, 300.0 
 

66.5%, 70.0% 
 

Smear slides 60 10(16.7) 10(16.7) 40(66.7) 
 

7 (11.7) 7(11.7) 5(8.3) 41(68.3) 
 

4(6.7) 6(10.0) 50(83.3) 
 

FNA 38 3(7.9) 9(23.7) 26(68.4) 

0.019
b
 

0(0) 7(18.4) 3(7.9) 28(73.7) 

0.001
b
 

1(2.6) 5(13.2) 32(84.2) 

0.167
b
 

Pleural 

fluid 
16 5(31.3) 0(0) 11(68.8) 5 (31.3) 0 (0) 1(6.3) 10(62.5) 1(6.3) 1(6.3) 14(87.5) 

Others 6 2(33.3) 1(16.7) 3(50.0) 2 (33.3) 0 (0) 1(16.7) 3 (50.0) 2(33.3) 0(0) 4(66.7) 

               
Mean, medium 59.6, 40.7 

 
231.9, 90.0 

 
48.3%, 50.0% 

 
Cell block 43 13(30.2) 14(32.6) 16(37.2) 

 
11(25.6) 6(14.0) 7(16.3) 19(44.2) 

 
10(23.3) 12(27.9) 21(48.8) 

 
FNA 30 5(16.7) 12(40.0) 13(43.3) 

0.013
b
 

5(16.7) 3(10.0) 6(20.0) 16(53.3) 

0.075
b
 

5(16.7) 7(23.3) 18(60.0) 

0.077
b
 

Pleural 

fluid 
11 6(54.5) 2(18.2) 3(27.3) 6(54.5) 1(9.1) 1(9.1) 3(27.3) 4(36.4) 4(36.4) 3(27.3) 

Others 2 2(100.0) 0(0) 0(0) 0(0) 2(100.0) 0(0) 0(0) 1(50.0) 1(50.0) 0(0) 

Abbreviations: FNA, fine-needle aspiration; x
2
 test, 

a 
smear slides vs. cell block, 

b 
FNA vs.pleural fluid + others. 
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Table 3 EGFR Mutation Status in Paired Histological and Cytological Specimens. 

Pt 

No. 

HS 

Type 

Procedure 

Type 

Procedure 

Site  

DNA  

Concentration(ng/ul) 
Cell number 

Tumor  

 Percentage(%)  

EGFR 

MutationStatus 

SS CB SS CB SS CB HS SS CB 

1 FNB BW Bronchus 582.3 7.8 1000 50 60 25 WT WT WT 

2 FNB BW Bronchus 32.7 / 100 / 65 / WT WT NA 

3 FNB Sputum Sputum 125.5 17.9 700 40 70 50 E19 E19 E19 

4 FNB Sputum Sputum 18.4 / 25 / 30 / E21 WT NA 

5 Resection Sputum Sputum 13.9 / 25 / 20 / E21 WT NA 

6 FNB FNA Lung 35 20.5 60 30 75 20 E21 E21 WT 

7 Resection FNA Lung 486.5 38.9 700 200 60 55 WT WT WT 

8 TBB FNA Lung 89.6 56.3 520 400 70 70 WT WT WT 

9 FNB FNA Lung 42.1 12.5 90 20 60 20 E21 E21 WT 

10 Resection FNA Lung 44.8 8.9 110 20 70 20 E19 E19 WT 

11 FNB FNA Lung 26.8 30.8 50 70 50 50 E21 E21 E21 

12 FNB FNA Lung 154.9 104.8 800 500 80 70 E21 E21 E21 

13 Resection FNA Lung 50 24.5 150 30 70 30 E21 E21 WT 

14 FNB FNA Lung 44.5 125.6 260 310 75 60 E21 E21 E21 
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15 Resection FNA Lung 27.4 6.3 40 15 70 10 E21 E21 WT 

16 Resection FNA Lung 105.2 54 600 50 60 70 E19 E19 E19 

17 FNB FNA Lung 114.8 30.6 600 80 35 60 E19 E19 E19 

18 Resection FNA Lung 125.3 82.1 600 700 80 40 E19 E19 E19 

19 Resection FNA Lung 74.9 25.4 290 45 60 50 E19 E19 E19 

20 Resection FNA Lung 89.2 34.4 350 90 80 60 E19 E19 E19 

21 FNB FNA Lung 21.8 109.3 60 120 40 55 E19 E19 E19 

22 Resection FNA Lung 565 43.9 1000 150 70 45 E19 E19 E19 

23 TBB FNA Lung 53.6 40.7 185 80 80 50 E19 E19 E19 

24 Resection FNA Lung 187.1 34.5 700 80 80 60 E19 E19 E19 

25 Resection FNA Lung 64 189.9 400 800 75 60 E19 E19 E19 

26 FNB FNA Lung 107 117.5 600 150 80 65 E19 E19 E19 

27 FNB FNA Lung 108.2 42.3 800 140 85 60 E19 E19 E19 

28 Resection FNA Lung 120 45.6 400 150 45 60 E19 E19 E19 

29 Resection FNA Lung 68.1 / 190 / 65 / E19 E19 NA 

30 Resection FNA Lung 114.2 / 250 / 65 / E21 E21 NA 

31 TBB FNA Lung 83.4 / 300 / 70 / E21 E21 NA 

32 Resection FNA Lung 111 / 300 / 80 / E21 E21 NA 

33 Resection FNA Lung 31.8 / 45 / 75 / E21 E21 NA 
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34 Resection FNA Lung 124.5 / 550 / 75 / E21 E21 NA 

35 TBB FNA Lung 13.5 / 35 / 70 / E21 E19 NA 

36 Resection FNA Lung 126.3 / 600 / 70 / WT WT NA 

37 Resection Fluid Ascites 85.7 / 200 / 80 / E19 E19 NA 

38 TBB Fluid Pleural  5.9 3.8 30 30 70 45 WT WT WT 

39 FNB Fluid Pleural  5.4 5.9 25 20 70 40 E21 E21 E21 

40 TBB Fluid Pleural  8.2 17.6 15 25 60 20 E19 WT WT 

41 FNB Fluid Pleural  12.8 12.2 20 25 25 30 E19 WT WT 

42 TBB Fluid Pleural  745.5 119.3 1200 600 60 60 E21 E21 E21 

43 FNB Fluid Pleural  261.7 5.1 400 30 80 15 E19 E19 E19 

44 Resection Fluid Pleural  123.1 33.1 300 50 70 45 E19 E19 E19 

45 FNB Fluid Pleural  51 4.7 100 10 80 10 E21 E21 WT 

46 FNB Fluid Pleural  110.3 38.9 250 60 85 50 E19 E19 E19 

47 TBB Fluid Pleural  700.1 201.1 1100 1000 80 70 E19 E19 E19 

48 FNB Fluid Pleural  453 102.8 1000 750 60 55 E19 E19 E19 

49 Resection Fluid Pleural  10.1 / 20 / 50 / E19 WT NA 

50 FNB Fluid Pleural  558.5 / 1000 / 70 / E21 E21 NA 

51 Resection Fluid Pleural  168.7 / 800 / 80 / E21 E21 NA 

52 FNB Fluid Pleural  622.7 / 1000 / 80 / 19&21 19&21 NA 
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53 Resection Fluid Pleural  123.1 / 800 / 72 / WT WT NA 

54 Resection FNA LN 26.9 62.1 40 400 70 50 WT WT WT 

55 TBB FNA LN 20 73.6 40 200 70 60 E19 E19 E19 

56 FNB FNA LN 86.6 47.8 600 100 70 60 E19 E19 E19 

57 TBB EBUS-FNA LN 69 42.5 290 150 70 40 E19 E19 E19 

58 Resection EBUS-FNA LN 308 55.6 500 500 40 60 E19 E19 E19 

59 TBB EBUS-FNA LN 266 107.8 800 700 60 75 E19 E19 E19 

60 Resection EBUS-FNA LN 564.8 324.6 1000 1000 60 75 E19 E19 E19 

Abbreviations: ADC, adenocarcinoma; NSCLC, non-small cell lung cancer; E, exon; EGFR, epidermal growth factor receptor; 

FNA, fine-needle aspiration; EBUS-FNA, endobronchial ultrasound-guided fine-needle aspiration; BW, bronchial washing Met., 

metastatic; LN: lymph node; NA, not available; WT, wild type; HS, histologic specimens; SM, smear slides; CB, cell block.FNB, 

fine needle biopsy, TBB, transbronchial biopsy. 
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Table 4 EGFR Mutation Concordance in Different Specimens. 

Comparison Between Different Specimens 
Total 

No. 
Concordance (%) P value 

Histologic specimens vs.cytologic specimens 60 55 (91.7) 
 

FNA 38 38 (100.0) 
 

Pleural fluid 16 13 ( 81.3) 
 

Bronchial washing 2 2 (100.0) 
 

Sputum 3 1  (33.3) 
 

Ascites 1 1 (100.0) 
 

EGFR Mutation in different tumor site 
  

0.63 

Histologic specimens vs. cytologic specimens from 

primary tumor site 
36 34 (94.4) 

 

FNA (lung) 31 31 (100.0) 
 

Bronchial washing 2 2 (100.0) 
 

Sputum 3 1 (33.3) 
 

Histologic Specimens vs. Cytologic specimens 

from metastatic site 
24 21 (87.5) 

 

FNA (LN) 7 7 (100.0) 
 

Pleural fluid 16 13 ( 81.3) 
 

Ascites 1 1 (100.0) 
 

Specimens have both smear slides and cell blocks 
   

Smear slides vs.histologic specimens 43 41 (95.3) 
0.04 

Cell blocks vs. histologic specimens 43 35 (81.4) 

Abbreviations: EGFR, epidermal growth factor receptor; FNA, fine-needle aspiration; LN: lymph node. 
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Table 5 Discordant cases  

Pt 

No. 

HS 

Type 

Procedure 

Type 

Procedure 

Site  

Cytology 

Diagnosis 

DNA  

Concentration(ng/ul) 
Cell number 

Tumor  

Percentage (%)  
EGFR Mutation Status 

SS CB SS CB SS CB HS SS CB 

4 FNB Sputum Sputum NSCLC 18.4 / 25 / 30 / E21 WT NA 

5 Resection Sputum Sputum NSCLC 13.9 / 25 / 20 / E21 WT NA 

6 FNB FNA Lung ADC 35 20.5 60 30 75 20 E21 E21 WT 

9 FNB FNA Lung ADC 42.1 12.5 90 20 60 20 E21 E21 WT 

10 Resection FNA Lung ADC 44.8 8.9 110 20 70 20 E19 E19 WT 

13 Resection FNA Lung Favor ADC 50 24.5 150 30 70 30 E21 E21 WT 

15 Resection FNA Lung Favor ADC 27.4 6.3 40 15 70 10 E21 E21 WT 

40 TBB Fluid Pleural  Met.ADC 8.2 17.6 15 25 60 20 E19 WT WT 

41 FNB Fluid Pleural  Atypical cell 12.8 12.2 20 25 25 30 E19 WT WT 

45 FNB Fluid Pleural  Met.ADC 51 4.7 100 10 80 10 E21 E21 WT 

49 Resection Fluid Pleural  Met.ADC 10.1 / 20 / 50 / E19 WT NA 

Abbreviations: ADC, adenocarcinoma; NSCLC, non-small cell lung cancer; E, exon; EGFR, epidermal growth factor receptor; FNA, fine-needle 

aspiration; Met., metastatic; NA, not available; WT, wild type; HS, histologic specimens; SM, smear slides; CB, cell block. FNB, fine needle 

biopsy, TBB, transbronchial biopsy. 
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Figure 1 Images of the direct smears. (a) Direct smear sample of fine needle 

aspiration of lymph node. (b) Direct smear sample of pleural fluid. (c) Direct smear 

sample of fine needle aspiration of lung. (d) Direct smear sample of sputum.  
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Figure 2 Cancer cell from cell blocks. (a) and (b) Fine needle aspiration of lung. (c) 

and (d) Fine needle aspiration of lymph node. 
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 Figure 3 Epidermal growth factor receptor mutation analysis procedures. (a) 

Target cells are marked. (b) Slides are incubated in xylene overnight to remove the 

coverslips. (c) Atypical cells of interest are scraped with a needle under the 

microscope. (d) Direct smear sample of pleural fluid. (e) DNA extraction and PCR. 

(f) Electrophoresis is performed to determine the presence of PCR products. (g) 

Pyrosequencing analysis showing an exon 19 deletion in the EGFR gene. (h) 

Pyrosequencing analysis showing an exon 21 point mutation in the EGFR gene.  
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Figure 4 Correlation between DNA concentration and tumor cell number and

 tumor percentage in the smear slides (n = 60) and cell blocks (n = 43). (a)

 Correlation between DNA concentration and tumor cell number in smear sli

des (R = 0.873, P < 0.001). (b) Correlation between DNA concentration and

 tumor cell number in cell blocks (R = 0.879, P < 0.001). (c) Correlation be

tween DNA concentration and tumor percentage in smear slides (R = 0.391, 

P = 0.002). (d) Correlation between DNA concentration and tumor percentage

 in cell blocks (R = 0.816, P < 0.001). Pearson's correlation, statistical signif

icance was determined by a two-tailed P< 0.05. 
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국문초록 

 

배경 및 목적: 비소세포폐암에서 상피세포성장인자 수용체 (epidermal 

growth factor receptor: EGFR) 변이 상태는 tyrosine kinase 억제제의 

감수성과 연관이 있다고 보고되었다. 본 연구에서는 EGFR 변이 상태를 

동일한 환자의 원발성 폐암조직과 세포검체에서 비교 분석함으로써, 세포

검체를 이용한 EGFR 변이 검사 결과의 적절성을 규명하고자 하였다.  

 

연구대상 및 방법: 본 연구에서는 원발성 폐암 조직과 세포 검체의 확보

가 동시에 가능한 60명의 폐 선암종환자를 대상으로, PCR 및 

pyrosequencing 실험기법을 통해 EGFR 유전자 변이를 상호 비교 분석

하였다. 

 

결과: 원발성 폐암조직과 세포 검체를 이용한 EGFR 유전자 변이의 일치

도는 91.7%로 매우 높았으며 전이된 병소에서 세포 검체를 획득하여 검

사를 진행하더라도 큰 차이가 없음을 보였다. 또한 세포 검체를 이용한 

경우, DNA 농도가 25ng/ul이상, 종양세포의 수가 30개 이상, 혹은 종양

세포의 비율이 30%이상인 경우에는 원발성 폐암조직을 이용한 EGFR 변

이 결과와 100% 일치함을 보였다. 
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결론: EGFR 변이 검사를 세포 검체를 활용해서 수행할 수 있으며, 이는 

조직 확보가 어려운 진행된 병기의 폐암환자에서도 가능함을 보였다. 

 

----------------------------------------------------------------------------------------------------- 

주요어: 상피세포성장인자수용체, 폐암, 선암종, 외과병리학, 세포병리학 

학번: 2010-31369 
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