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histological specimens
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Summary

Purpose: Epidermal growth factor receptor (EGFR) muta-
tions are prerequisites for the targeted therapy with anti-EG-
FR tyrosine kinase inhibitors (TKIs) in non-small-cell lung
carcinomas (NSCLCs). In patients with advanced-stage
NSCLC, sometimes cytological specimens, including those
from fine-needle aspiration cytology (FNAC) and pleural
effusion, are the only materials for mutation analysis.
The purpose of this study was to compare the results of
EGFR mutation detection from cytological specimens and
histological samples and to evaluate the difference between
them, therefore to assess if cell block is a valid source for
detection of EGFR mutation.

Methods: Forty-seven samples from advanced-stage NS-
CLCs were obtained with individually matched cell blocks
(CBs) from FNAC (29 cases) or pleural fluid (18 cases), and
formalin-fixed paraffin-embedded (FFPE) blocks from biop-
sy (34 cases) or surgical excision (13 cases). CBs and FFPE

Introduction

Over the past decades, progress has been
achieved in the diagnosis and treatment of NS-
CLCs, particularly with the wide application of
TKIs, such as gefitinib and erlotinib [1-9]. Thus,
detection of EGFR mutations has become a rou-
tine methodology for predicting the effectiveness
of TKIs in NSCLCs [10-16]. IASLC, ATS and ERS
published the international multidisciplinary new
classification theme of lung adenocarcinoma in
2011, which emphasises the requirement of EGFR
mutation analysis in TKI targeted therapy [17].

Currently, the detection of EGFR mutation
predominantly uses formalin-fixed, FFPE tissue

blocks were simultaneously tested for EGFR hot mutations
in exons 18, 19, 20 and 21 by polymerase chain reaction
(PCR)-direct sequencing and amplification refractory mu-
tation system (ARMS)-PCR.

Results: EGFR mutations were identified in 18/47 (38.3%)
or 21/47 (44.7%) cases using CBs and 16/47 (34.0%) or
19/47 (40.4%) using FPPE blocks by PCR-direct sequenc-
ing or ARMS-PCR, respectively. The incidence of EGFR
mutation was not statistically significant between CBs and
FFPE blocks using PCR-direct sequencing or ARMS-PCR
(p=0.668 or p=0.677, respectively).

Conclusion: Our study suggests that cytological speci-
mens are optimal for advanced NSCLC. The successful use
of these non-invasive specimens in molecular pathology is
beneficial for patients requiring targeted therapy.

Key words: cytology, EGFR, histology, lung carcinomas,
non-small-cell lung carcinomas

blocks derived from biopsy or surgical excision
[1,2,4-9]. In a considerable proportion of lung can-
cer patients, particularly those with advanced dis-
ease, it is easy to obtain tumor cells in different
types of cytology samples because of their wide-
spread distribution. Cytology materials, such as
CBs from pleural effusion, and FNAC may be an
alternative for the detection of EGFR mutation,
particularly when FFPE material is unavailable
in NSCLC patients with advanced tumor stage
[18,19].

This study aimed to compare the consisten-
cy of EGFR detection results between histological
samples and corresponding cytological samples,
and evaluate whether CB is a valid sample source
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for the detection of EGFR mutation. PCR-direct se-
quencing and ARMS-PCR were applied for EGFR
mutation analysis in this study [20].

Methods

Patients and tumor tissues

Forty-seven consecutive NSCLC patients treated
at the Zhejiang Cancer Hospital (Zhejiang, China) be-
tween January 2010 and June 2013 were included in
this study. This study was conducted in accordance with
the declaration of Helsinki and after approval from the
Ethics Committee of Zhejiang Cancer Hospital. Written
informed consent was obtained from all participants.

Cytological and histological samples were ob-
tained from cases. CBs were also available in all cases
after smear preparation. The time intervals between
the acquisition of all the cytological samples and the
corresponding histological samples were less than 4
weeks. The patient and diagnostic material acquisition
method are summarised in Table 1.

Twelve cases among the 29 FNAC cases had FNAC
of supraclavicular lymph nodes, and then underwent
further biopsy and tissue collection with fiberoptic
bronchoscopy. The remaining 17 FNAC cases under-

Table 1. Clinicopathological characteristics of 47 NSCLCs

Parameters Frle\??(;)r;cy
Gender
Male 27 (57.4)
Female 20 (42.0)
Age (years)
<39 1(2.1)
40~59 23 (48.9)
=260 23 (48.9)
TNM stage
3 19 (40.4)
4 28 (59.6)
Cytological samples
Pleural effusion 18 (38.3)
FNAC 29 (61.7)
Lung lesion 17 (36.2)
Supraclavicular lymph node 12 (25.5)
Histological samples
Small biopsy 34 (72.3)
Core biopsy 4 (8.5)
Bronchofibroscope lung biopsy 30 (63.8)
Resection 13 (27.7)
Thoracotomy 8 (17.0)
Thoracoscopy 5(10.7)

went percutaneous lung lesion puncture, of which 13
cases underwent surgical resection (8 with thoracot-
omy and 5 via thoracoscopy) and 4 cases underwent
FNAC and core biopsy. The other 18 cases had pleu-
ral effusions, and underwent biopsy via a fiberoptic
bronchsoscope.

DNA extraction

Ten 4 pm haematoxylin and eosin-stained sections
were obtained after a pathologist carefully evaluated
whether the slides contained sufficient number of can-
cer cells for molecular analysis. Genomic DNA was ex-
tracted according to standard procedures (Qiagen, Va-
lencia, CA, USA).

PCR-direct sequencing

The EGFR exons 18, 19, 20 and 21 were amplified
by PCR. Primers used for amplification were as fol-
lows: exon 18, 5'-GAGGTGACCCTTGTCTCTGTGT-3’
(forward) and "-CCCAAACACTCAGTGAAACAAA-3" (re-
verse); exon 19, 5'-TGCCAGTTAACGTCTTCCTTCT-3"
(forward) and 5°-TGAACATTTAGGATGTGGAGAT-3’
(reverse); exon 20, 5"-ACTTCACAGCCCTGCGTAAAC-3’
(forward) and 5- ATGGGACAGGCACTGATTTGT-3’
(reverse); and exon 21, 5°-GAGCTTCTTCCCATGAT-
GATCT-3" (forward) and 5°-GAAAATGCTGGCT-
GACCTAAAG-3" (reverse).

The PCR reaction procedure consisted of 6 min of
annealing at 95 °C, 35 cycles of 95 °C for 40 sec, 55 °C
for 30 sec and 72 °C for 45 sec and a final extension at
72 °C for 7 min. The PCR amplicons were purified and
subjected to bidirectional sequencing by an ABI Prism
3500 DNA Analyser (Applied Biosystems, Foster City,
CA, USA) according to the manufacturer’s instructions.
EGFR mutations were identified by an NCBI BLAST da-
tabase.

ARMS-PCR

Amplifications were performed using an ADx
EGFR mutation kit (Amoy Biotech, Xiamen, China). A
total of 29 EGFR mutations in exons 18 to 21 were de-
tected by this method. Reactions were conducted in RT
PCR MX3000 (Agilent Technologies, Inc., Santa Clara,
CA, USA). DNA was amplified at 95 °C for 5 min. The
initial 15 cycles consisted of 95 °C for 25 sec, 4 °C for
20 sec and 72 °C for 20 sec, followed by a second round
of 15 cycles of 93 °C for 25 sec and 60 °C for 35 sec
and final elongation at 72 °C for 20 sec. EGFR muta-
tions were interpreted according to the manufacturer’s
instructions.

Statistics

Data were analysed using SPSS 16.0 software
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Table 2. Incidence of EGFR mutations in CB and FFPE
blocks by PCR-direct sequencing and PCR-ARMS

PCR- direct ARMS-PCR
N sequencing
N (%) N (%)

CB

Pleural effusion 18 7 (38.9) 8 (44.4)

FNA 29 11 (37.9) 13 (44.8)
FFPE blocks

Small biopsy 34 10 (29.4) 12 (35.3)

Surgery 13 6 (46.2) 7 (53.8)
Total

FFPE blocks 47 18 (38.3) 21 (44.7)

CBs 47 16 (34.0) 19 (40.4)

For abbreviations see text

package for Windows (SPSS, Inc., Chicago, IL, USA).
Correlations on the categorical variables between the
different groups were analysed by Fisher’s exact test (x2
test). The threshold was established at 0.05 (two-tailed).

Results

The EGFR mutation results are summarised
in Table 2. The incidence rates of EGFR mutation
in CBs or FFPE blocks were 38.3% (18/47) and
44.7% (21/47) or 34.0% (16/47) and 40.4% (19/47)
by PCR-direct sequencing or ARMS-PCR, respec-
tively. No statistically significant difference was
observed in the detection efficiency of EGFR muta-
tion between CB and FFPE blocks using PCR-direct
sequencing (p=0.668) and ARMS-PCR (p=0.677).

The differences in the detection rates of EGFR
mutation in CBs were not statistically different
between pleural fluids and FNAC samples using
either method (PCR-direct sequencing: pleural
7/18 vs FNAC 11/29, p=0.948; ARMS-PCR: pleu-
ral 8/18 vs FNAC 13/29, p=0.980). The EGFR mu-
tations in FPPE blocks between the small biopsy
and surgical samples were not significantly differ-
ent regardless of the method used (PCR-direct se-
quencing: small biopsy 10/34 vs surgical samples
6/13, p=0.279; ARMS-PCR: small biopsy 12/34 vs
surgical sample 7/13, p=0.2406).

All EGFR mutations in 47 NSCLCs are de-
tailed in Table 3. Mutations in exons 19 and 21
accounted for 90.9% (20/22) of the total mutations
in CBs and 89.5% (17/19) of the total mutations in
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Table 3. The distribution of EGFR mutations in NSCLCs

Cytological Histological

EGFR mutations samples samples p value
N (%) N (%)

Exonl8 0 0
Exonl9 12 (25.5) 10 (21.3) 0.626
Exon20 2(42) 2(42)
Exon21 8 (17.0) 7 (14.9) 0.778
Total 22 (46.8) 19 (40.4) 0.533

FFPE blocks. The distribution of EGFR mutations
between the CBs and FFPE blocks was not statisti-
cally significant (p>0.05).

Discussion

Chemotherapy has limited effects on TNM
stages III and IV NSCLC patients, and the prog-
nosis of these patients is very poor [21]. Howev-
er, a substantial proportion of these patients may
benefit from EGFR-TKIs [1-9]. The effectiveness of
EGFR-TKIs is related to the presence of functional
EGFR mutations in NSCLCs. Therefore, evaluation
of EGFR mutation status is indicated in NSCLC
patients [6,7]. Most EGFR mutation studies in NS-
CLC patients were conducted using FFPE tissues.
However, FFPE tissues are not always available
because approximately 70% of stages III and IV
NSCLCs are diagnosed by cytopathology, includ-
ing endoscopy brushing and/or FNAC on neck
lymph nodes. Successful detection of EGFR mu-
tations in cytological specimens is pivotal for fur-
ther treatment in NSCLC patients.

Our study demonstrated similar detection rates
and patterns of EGFR mutations between the CB and
FFPE blocks. We also noticed that the detection of
EGFR mutation between pleural effusion and FNAC
was not significantly different. Collectively, our re-
sults suggest that cytological samples were suitable
in accurately detecting EGFR mutations in NSCLCs.
Compared with surgical resections, cytology has
several advantages, such as easy accessibility, low
cost and minimal complications.

In summary, CB derived from cytological
samples is appropriate for EGFR mutation studies,
and allows easy sampling in patients with stages
III/TV NSCLCs who may benefit from EGFR-TKI
treatment.



Comparison of detection of EGFR mutation in NSCLC

145

References

1.

10.

11.

Maemondo M, Inoue A, Kobayashi K et al. Gefitinib
or chemotherapy for non-small-cell lung cancer with
mutated EGFR. N Engl ] Med 2010; 362:2380-2388.

Mitsudomi T, Morita S, Yatabe Y, et al. Gefitinib ver-
sus cisplatin plus docetaxel in patients with non-
small-cell lung cancer harbouring mutations of the
epidermal growth factor receptor (WJTOG3405): an
open label, randomised phase 3 trial. Lancet Oncol
2010;11:121-128.

Mok TS, Wu YL, Thongprasert S et al. Gefitinib or car-
boplatin-paclitaxel in pulmonary adenocarcinoma. N
Engl ] Med 2009;361:947-957.

Rosell R, Carcereny E, Gervais R et al. Erlotinib versus
standard chemotherapy as first-line treatment for Eu-
ropean patients with advanced EGFR mutation-pos-
itive non-small-cell lung cancer (EURTAC): a multi-
centre, open-label, randomised phase 3 trial. Lancet
Oncol 2012;13:239-2406.

Rossi G, Graziano P, Leone A, Migaldi M, Califano R.
The role of molecular analyses in the diagnosis and
treatment of non-small-cell lung carcinomas. Semin
Diagn Pathol 2013;30:298-312.

Li RC, Zheng L], Fang MH, Yu SY. The presence of
EGFR mutations predicts the response in Chinese
non-small cell lung cancer patients treated with er-
lotinib. Int J Biol Markers 2014. [Epub ahead of print]

Fukihara J, Watanabe N, Taniguchi H et al. Clinical
Predictors of Response to EGFR Tyrosine Kinase In-
hibitors in Patients with EGFR-Mutant Non-Small
Cell Lung Cancer. Oncology 2014;806:86-93.

Zhou C, Wu YL, Chen G et al. Erlotinib versus chemo-
therapy as first-line treatment for patients with ad-
vanced EGFR mutation-positive non-small-cell lung
cancer (OPTIMAL, CTONG-0802): a multicentre,
open-label, randomised, phase 3 study. Lancet Oncol
2011;12:735-742.

Ying Geng Z, Chang Jiao S, Cui Lin S et al. Third-
line therapy in advanced non-small cell lung cancer.
JBUON 2013;18:899-907.

Lynch TJ, Bell DW, Sordella R et al. Activating muta-
tions in the epidermal growth factor receptor under-

lying responsiveness of non-small-cell lung cancer to
gefitinib. N Engl ] Med 2004;350:2129-21309.

Douillard JY, Ostoros G, Cobo M et al. First-line gefitin-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

ib in Caucasian EGFR mutation-positive NSCLC pa-
tients: a phase-IV, open-label, single-arm study. Br J
Cancer 2014;110:55-62.

Lai SW, Ho CL, Dai MS et al. Gefitinib as first-line
treatment for patients with epidermal growth factor
receptor-mutated advanced lung adenocarcinoma:
a single institution experience in Taiwan. JBUON
2014;19:459-465.

Kohler J, Schuler M. Afatinib, erlotinib and gefitinib in
the first-line therapy of EGFR mutation-positive lung
adenocarcinoma: a review. Onkologie 2013;36:510-
518.

Gridelli C, de Marinis F, Cappuzzo F et al. Treatment
of Advanced Non-Small-Cell Lung Cancer with Epi-
dermal Growth Factor Receptor (EGFR) Mutation or
ALK Gene Rearrangement: Results of an Internation-
al Expert Panel Meeting of the Italian Association of
Thoracic Oncology. Clin Lung Cancer 2013;S1525-
7304:00259-3.

Jang SH. Long Term Therapeutic Plan for Patients
with Non-Small Cell Lung Cancer Harboring EGFR
Mutation. Tuberc Respir Dis (Seoul) 2014;76:8-14.

Paez JG, Janne PA, Lee JC et al. EGFR mutations in
lung cancer: correlation with clinical response to
gefitinib therapy. Science 2004;304:1497-1500.

Travis WD, Brambilla E, Noguchi M et al. Internation-
al Association for the Study of Lung Cancer/American
Thoracic Society/European Respiratory Society inter-
national multidisciplinary classification of lung ade-
nocarcinoma. ] Thorac Oncol 2011;6:244-285.

Aisner DL, Deshpande C, Baloch Z et al. Evaluation of
EGFR mutation status in cytology specimens: an in-
stitutional experience. Diagn Cytopathol 2013;41:316-
323.

Han HS, Eom DW, Kim JH et al. EGFR mutation status
in primary lung adenocarcinomas and corresponding
metastatic lesions: discordance in pleural metastases.
Clin Lung Cancer 2011;12:380-3806.

Ellison G, Donald E, McWalter G et al. A comparison
of ARMS and DNA sequencing for mutation analy-
sis in clinical biopsy samples. ] Exp Clin Cancer Res
2010;29:132.

Jemal A, Bray F, Center MM, Ferlay J, Ward E, For-
man D. Global cancer statistics. CA Cancer ] Clin
2011;61:69-90.

JBUON 2015; 20(1): 145



