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Epidermal Growth Factor Receptor Mutations in Small Cell Lung Cancer
Patients Who Received Surgical Resection in China
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To know the incidence of epidermal growth factor receptor (EGFR) mutations in small cell lung cancer (SCLC) patients
who received surgical resection in mailand China. XTAG technology was used to detect the EGFR exon 19 and exon 21
mutations of 40 patients with SCLC who received surgical treatment in Zhejiang Cancer Hospital from 1998 to 2010. 2 of 40
cases were found with mutations in exon 19 of the EGFR gene. The mutation in exon 19 of the EGFR gene is in a female and
non smoking patient which pathology is SCLC combined adenocarcinoma, and the other is male and smoking patient which
pathology is SCLC combined squamous cell carcinoma. The EGFR mutation is rare in SCLC patients, and EGFR mutation
might occur more often in combined SCLCs than conventional patients.
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In recent years, mutations in the epidermal growth factor
receptor (EGFR) gene have been reported to be present in non-
small cell lung cancer (NSCLC) and related to response of tumors
to EGER tyrosine kinase inhibitors, suggesting its usefulness as
a biomarker. However, there are few large studies reporting the
mutations status of patients with small-cell lung cancer (SCLC).
Since now; a case study about one Japanese patient with gefitinib-
responsive SCLC has reported that this patient harbors a deletion
in exon 19 of EGFR [1]. Moreover, another case study has also
reported that one American SCLC patient with EGFR mutation
who have never smoked is response to gefitinib [2]. In China,
there is also one case report of patient with SCLC response to
gefitinib, but the status of mutation is unknown [3].

More recently, a prospective study on 76 specimens from
patients with SCLC between 2004 and 2009 at the National
Taiwan University Hospital have repoted that 2 cases (2.6%)
tested positive for the EGFR mutation and both were deletions
in exon 19 by reverse transcription polymerase chain reaction

Abbreviations: EGFR: epidermal growth factor receptor, SCLC: small
cell lung cancer, RT-PCR: reverse transcription polymerase chain reaction,
NSCLC: non small cell lung cancer, MFI: median fluorescence intensity,
SSCP: single strand conformation polymorphism, ARMS: amplified refrac-
tory mutation system

(RT-PCR) and direct sequencing. Specimens in this report
included 10 computed tomography-guided biopsy specimens,
17 echo-guided aspiration specimens, 37 echo-guided biopsy
specimens, 1 surgical lobectomy specimen, and 11 malignant
pleural effusion specimens [4]. Besides, a study of EGFR gene
mutations occured in 122 Japanses patients with SCLC were
evaluated. And EGFR mutations were detected in 5 SCLCs
(4%). All 122 patients were available for molecular genetic
analysis included 102 specimens obtained by biopsy, and 20
from surgically resected tumors[5]. Asa comprehensive analy-
sis and incidence of mutations of SCLC in mainland China has
not been reported, in present study, we detected EGFR exon 19
and exon 21 mutations of 40 SCLC patients by xTAG technol-
ogy who were from Zhejiang Cancer Hospital. The specimen
from surgey can better reflect the clinicopathologic status, and
all of our specimens are from surgical resected tumors.

Materials and Methods

Patient characteristics. Between 1998 and 2010, 40 SCLC
specimens were collected in Zhejiang Cancer Hospital, China.
All 40 specimens obtained from surgical resected tumors. His-
tologic diagnosis of SCLC was based on the standard criteria
defined by WHO classification. There are 5 female, 35 male.
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Age from 22 to 73 years old and median age is 54 years old.
The stage: IA 4 cases, IB 3 cases, ITA 7 cases, IIB 5 cases, IITA 19
cases and ITIB 2 cases by seventh edition of the TNM classifica-
tion for lung cancer. Smoking history:non-smoker 7 cases, light
smoker 3 cases, moderate moker 3 cases and heavy smoker 27
cases. Histological type: conventional type 37cases, combined
type 3 cases. Among the patients, 35 (87.5%) were males, 33
(82.5%) were smokers and 27(67.5%) heavy smokers.

xTAG technology for gene mutation. XTAG technology
was used to detect the EGFR exon 19 and exon 21 mutations
of 40 patients with SCLC who received surgical treatment
in Zhejiang Cancer Hospital from 1998 to 2010. The xTAG
technology contain the following basic steps: 1) amplify the
regions of target genes by multiplex PCR (Table 1) (H20
13.8pl, 5xPCR bufter 10ul, 25mM MgCI2 4pl, dNTPs 2,
primers 10ul, DNA polymerase 0.2l, sample 10ul, 94°C for 30

Table 1. The sequences of PCR primers

s, 52°C for 30 s and 72°C for 30 s, 30cycles); 2) digest by exo-
nuclease and hydrolysis by alkaline phosphatase (exonuclease
0.5pl, alkaline phosphatase 0.5ul, 2xbuffer 10ul, PCR product
9ul, 37°C 2h). The PCR mixture was treated using EXO-SAP
to remove excess nucleotides and primers; 3) allele specific
primer extension (ASPE) (Table 2)(H2O 7.8ul, 10xPCR buffer
2ul, 25mM MgClI 0.5ul, dNTPs (no dCTP) 1pl, Biotin-dCTP
0.5pl, primers 5ul, DNA polymerase 0.2ul, EXO-SAP-treated
PCR product 3pl, 94°C for 30 s, 56°C for 1 min and 74°C
for 2 min, 30cycles). The EXO-SAP-cleaned PCR product
subjected to an ASPE step. The Tsp DNA polymerase will
extend only primers which are 100% match to the templates;
4) hybridization(beads 2pl, hybridization solution 33ul, ASPE
product 5pl, 95°C for 3 min, followed by 30 min incubation at
37°C). The ASPE products were hybridized to specific anti-tag
probes that were pre-coated on the polystyrene microspheres;

Exon Sequence, 553’ PCR product length (bp) Sensitivity, %
19 CCAGAAGGTGAGAAAGTTAAAATACCCCCACACAGCAAAGCAG 115 5
21 ACCGCAGCATGTCAAGATCACCCCTGGTGTCAGGAAAATGCT 131 5

Table 2. The sequences of ASPE primers

Exon Type

Universal tage — Primer, 553’

19 Wt
AE746-A750 (K745:AAA)
AE746-A750 (K745:AAG)

CTTCTCATTAACTTACTTCATAATCTATCAAGGAATTAAGAGAAGC
TCAATTACTTCACTTTAATCCTTTAATTCCCGTCGCTATCAAAAC
CTTTTCATCAATAATCTTACCTTTTTCCCGTCGCTATCAAGACA

21

AL747-E749 ins P
AL747-A750 ins P
AL747-T751
AL747-T751 ins A
AL747-S752
AL747-S752 ins V
AL747-S752 ins D
AL747-S752 ins Q
AL747-S752 ins S
AE749-S752 ins D
AE746-T751 ins T
AE746-P753 ins VS
AE746-T751 ins Y
AL747-T751 ins Q
AE746-T751 ins A
AE746-A750 ins AP
AL747-T751 ins V
AL747-S752 ins E
AR748-T751 ins LS
Wt(1)

Wt(2)

L858R (1)

L858R (2)

L861Q

AAACAAACTTCACATCTCAATAATCGTCGCTATCAAGGAACCAA
TCATTTCAATCAATCATCAACAATCGTCGCTATCAAGGAACCAT
TCAATCATCTTTATACTTCACAATCGTCGCTATCAAGGAATCT
TTACTCAAAATCTACACTTTTTCACCCGTCGCTATCAAGGCAT
CTTTTTCAATCACTTTCAATTCATCCGTCGCTATCAAGGAACAT
CAATATCATCATCTTTATCATTACCCCGTCGCTATCAAGGTTC
AATCTACAAATCCAATAATCTCATCCGTCGCTATCAAGGATCC
ATCAAATCTCATCAATTCAACAATCGTCGCTATCAAGGAACAG
STTCATAACTACAATACATCATCATCGTCGCTATCAAGGAATCG
AAACTAACATCAATACTTACATCACTATCAAGGAATTAAGAGATCC
TCAAAATCTCAAATACTCAAATCATCCCGTCGCTATCAAGACC
CTACTAATTCATTAACATTACTACCCCGTCGCTATCAAGGTCT
AATCCTTTTTACTCAATTCAATCACCGTCGCTATCAAGGTATCA
CTACAAACAAACAAACATTATCAACCGTCGCTATCAAGGAACAA
TAACATTACAACTATACTATCTACCCCGTCGCTATCAAGGCTT
TATATACACTTCTCAATAACTAACTCGCTATCAAGGCCCCAAC
CTTTTCATCTTTTCATCTTTCAATCGTCGCTATCAAGGTATCT
ECTTTAATCCTTTATCACTTTATCACGTCGCTATCAAGGAACCG
TTACCTTTATACCTTTCTTTTTACCGCTATCAAGCTATCAAGCC
TAATTATACATCTCATCTTCTACACAAGATCACAGATTTTGGGCT
CTACTATACATCTTACTATACTTTGATTTTGGGCTGGCCAAACT
CTTTTCAATTACTTCAAATCTTCAAAGATCACAGATTTTGGGCG
CAATATACCAATATCATCATTTACAGATCACAGATTTTGGGCGT
CTACATATTCAAATTACTACTTACGATTTTGGGCTGGCCAAACA
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Figure 1. The figure showed that MFI of two samples are above the value
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Figure 2. The result of EGFR E21 mutation in 40 cases. According to the
detected.

and 5) Luminex analysis. The beads were then applied to the
Luminex 200 and median fluorescence intensity (MFI) read.

Data analysis. The statistical significance of mean values
was determined by SPSS 13.0. A p value <0.05 was considered
statistically significant.

Table3. Clinicopathologic features of SCLCs with and without EGFR
mutations

Mutated Wild-type
No. of patients (total, N = 40) 2 38
Age (median) 62 54
Sex (female/male) 1/1 4/34
Smoking history 23 30
(median pack-years)
Histologic type 0/2 37/1

(conventional/combined)

figure, no sample has a value of MFI above the cut off, so no mutations were

Results

Three patients were diagnosed with lung cancer that had
combined small and non-small cell pathology, two showed
EGFR mutation. Of the 40 examined SCLC specimens( Table
3), only 2 were found to be EGFR mutation positive. The EGFR
mutation rate in SCLC was 5% in our cohort. The median
age of the patients was 54 years old. Of the two patients with
EGFR-mutated tumors, one was a male smoker and the other
was a female never smoker. The mutations are all in exon 19:
del E746-A750(K745 AAA) (Figure 1 and Figure 2).

Case 1. The first patient was a 61-year-old male heavy
smoker who reported a chronic cough with chest tightness
for over 20 days. Chest CT revealed a tumor mass in right
hilar space. He received lobe surgey. Immunohistochemical
stains revealed positivity of CHG-A/CgA, CD56 and syn-
aptophysin. The pathological diagonosis is SCLC combined
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Figure 3. case 1:SCLC combined squamous cell lung cancer

squamous cell lung cancer (Figure 3). The initial TNM stage
was T2aNIMO(IIA). He received three courses of chemo-
therapy with etoposide and cisplatin and lung metastasis
appear three months after surgey and a progressive disease
was obtained. Then he received four courses of docetaxel and
endostar and a complete response was obtained. There is no
relapse 16 months after surgey.

Case 2. The second patient was a 62-year-old female never
smoker with no complain. Chest CT revealed a tumor in the
upper right lung when received physical examination. She
received upper-middle lobe resection and lymph node dis-
section. The pathological diagonosis was SCLC combined
middle differentiation adenocarcinoma (Figure 4). The pa-
tient was diagnosed with limited-stage SCLC, and the stage
is TIN2MO(IITA) by TNM staging system. One month after
surgey, brain metastasis developed. She received five courses
of chemotherapy with irinotecan plus carboplatin and whole
brain irradiation. Thirteen months after diagnosis, bone
metastasis and lung metastasis developed. Then she received
palliative radiotherapy and chemotherapy with four courses
of irinotecan and endostar, and a stable disease was obtained.
The patient is alive more than 22 months after diagnosis.

Discussion

Previous studies found that EGFR mutations were more
frequent in NSCLC patients who were female, nonsmokers,
and adenocarcinoma simultaneously. The incidence of EGFR
mutation in NSCLC is more higher in China than in the
United States and European countries [6-7]. However, the
incidence of EGFR mutation in SCLCs in mainland China is
still unknown. A high percentage of cases (28%) showed that
SCLC combinations with NSCLC, in detail, SCLC with large
cell carcinoma was the most, followed by adenocarcinoma
and squamous cell carcinoma [8]. EGFR mutations were
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Figure 4. case 2: SCLC combined middle differentiation adenocarcinoma

detected in five SCLCs (4%) in a study reported by Japanese
and these five patients were mainly in the light smoker and
histologic combined subtype. The specimen from surgey can
better reflect the clinicopathologic features than biopsy and
malignant pleural effusion. Most of the specimens were got
from biopsy reported by Akiko Tatematsu in Japan [5], and
only one specimen is got from surgey reported by Shiao TH
in Taiwan [4]. Whereas, in our study, all specimens are got
from surgey.

Besides, / the conventional method to test mutations is
sequencing. As the somatic mutated DNA is usually masked
under its wild-type (WT) DNA, it is very difficult to detect
by sequencing. However, SurPlex-xTAG developed by Sur-
Exam is a very sensitive technology (1%-5% sensitivity),
and allow for high throughput[9]. Thus, xXTAG technology
was used to detect the 24 most frequent alleles of EGFR,
from the 40 patients with SCLC who were received surgi-
cal treatment in this study. SurPlex-xTAG was adapted and
standardized by Sur-Exam (Guangzhou, China) based on
the XTAG® technology by Luminex (Luminex Corp., TX,
USA). This method is qualitative. When the MFI is above
the cut-off value, the sample is defined as positive. Recently,
a number of methods have been applied for somatic mutation
screening. These methods include single strand conforma-
tion polymorphism (SSCP), scorpions amplified refractory
mutation system (scorpions ARMS) and mutant-enriched
PCR [10]. In comparison, the main advantage of the Sur-
Plex-xTAG is that it is high throughput and allows for the
detection of multiple alleles in one reaction tube from one
FFPE slide. Also, up to 96 samples (including one negative
and one positive control) could be analyzed in one day. It
is very sensitive, robust, and easily standardized for routine
clinical testing [9].

EGFR mutations were predictive to response of single-agent
TKIs, EGFR gene copy was also associated with response to



104 H.Y. LU, W. Y. SUN, B. CHEN, Y. P. ZHANG, ]. E. CAL D. SU, Z. WANG, Y. Q. ZHENG, S. L. MA

TKIs, albeit with lower sensitivity and specificity [11]. So in
our study, we detected the EGFR mutations not EGFR copy.

Better survival were observed in gefitinib-treated NSCLC
patients with EGFR exon 19 than exon 21 mutations, gefitinib
produced G1 arrest in more of the cells with exon 19 deletion
than with L858R[12]. The mutations included two deletions
in exon 19: del 2237-2255 insT (del E746-S752 insV) in one
patient and del 2235-2249 (del E746-A750) in another patient
reported by Shiao TH in Taiwan, and the histologic type of
all these two patients are conventional. The SCLCs harboring
EGFR mutation were more likely to be combined with adeno-
carcinoma compared with the whole SCLC population [5].
The mutations included L858R mutations (three patients),
a G719A mutation (one patient), and a 15-bp deletion in exon
19 (one patient), reported by Akiko Tatematsu in Japan [5].
In our study, The mutation in exon 19: del E746-A750(K745
AAA) of the EGFR gene is in a male patient which pathol-
ogy is SCLC combined squamous cell carcinoma, and the
other patient is female which pathology is SCLC combined
adenocarcinoma.

Based on the 40 cases studied in this report, the incidence
of EGFR mutation(5%) in SCLC is low. In detail, one patient
with EGFR exon 19 mutation is female whose pathology is
SCLC combined with adenocarcinoma. Notably, in three
tumors of the combined SCLC subtype, both components
of adenocarcinoma and SCLC harbored an EGFR mutation
[5]. In terms of molecular pathogenesis, it is suggested that
some SCLCs may have developed from pre-existing ad-
enocarcinomas with EGFR mutations. We think that EGFR
mutation might occur more often in combined SCLCs than
conventional patients.
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