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A rare epidermal growth factor receptor (EGFR) gene mutation in small cell lung
carcinoma patients

Cheng-Cheng Hwang?®®, Tsan-Yu Hsieh*®, Kun-Yang Yeh®<, Tzu-Ping Chen®¢, Chung-Ching Hua®¢, Liang-Che Chang®®,
Jim-Ray Chen®>

Aim. Activating mutations in the epidermal growth factor receptor (EGFR) are predominantly detected in pulmonary
adenocarcinoma and have been reported in small cell lung cancer (SCLC) for decades. This retrospective single-center
study aimed to determine the frequency and types of EGFR mutations in SCLC in Taiwan.

Methods. This study comprises a consecutive cohort of 161 patients histologically diagnosed with SCLC between
January 1992 and August 2014 at the Department of Pathology in Keelung Chang Gung Memorial Hospital, Taiwan.
Archived formalin-fixed paraffin-embedded sections from 71 patients were eligible for molecular analysis. EGFR muta-
tion analysis was performed using a fully-automated IdyllaTM EGFR Mutation Test and confirmed a comparable result
through Qiagen Therascreen® EGFR RGQ PCR. In addition, EGFR gene copy number was assessed in EGFR-mutated
tumors by fluorescence in situ hybridization (FISH).

Results. Mutational status of the EGFR gene was successfully analyzed in 63 specimens by both IdyllaTM and Qiagen
platforms. Both methods detected L858R point mutation in exon 21 in an 81-year-old female and a 47-year-old male
non-smoker. Both tumors show no concurrent EGFR gene amplification. The overall agreement between results ob-
tained with the Idylla™ EGFR Mutation Test and Qiagen Therascreen® EGFR RGQ PCR was 100%

Conclusions. Our results showed that EGFR mutation is a rare mutation type in a consecutive series of de novo SCLC.
Furthermore, the performance of Idylla™ EGFR Mutation Test and Qiagen Therascreen® EGFR RGQ PCR on archived
paraffin sections of limited quantities is available with the high agreement of results.
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INTRODUCTION are detected in lung adenocarcinoma. A comprehensive
analysis by Shigematsu and Gazdar reported that non-
Small cell lung cancer (SCLC) accounts for 15% of all  adenocarcinomatous lung cancers with EGFR mutations
lung cancer cases!, typically characterized by fast growth,  were restricted to <5% of lung cancers®*. Although it is
early metastasis, and easy development of chemotherapy rare in other histologic subtypes, adenosquamous cell
resistance, with an overall 2-year survival rate in the exten-  carcinoma showed the highest frequency among lung
sive stage 4.6%. In contrast, the overall 5-year survival rate  cancers, followed by squamous cell carcinoma and large
in the limited stage is 10% (ref.?). The molecular patho-  cell carcinoma.
genesis of SCLC, although not thoroughly understood, is In contrast, SCLC was not listed among EGFR-
linked to autocrine-related cell growth, proto-oncogene ac- mutated lung cancers following a comprehensive exami-
tivation, and tumor suppressor gene inactivation. Targeted  nation of 1,380 lung tumors, suggesting different SCLC
treatments have been implemented, but responses have = molecular pathogenesis. One recent study failed to dem-
been somewhat disappointing. Epidermal growth factor  onstrate the antitumor activity of gefitinib (Iressa®) on
receptor (EGFR) mutations in non-small cell lung cancer, = SCLC in both preclinical studies and a subsequent clini-
such as deletions in exon 19 or L858R point mutation in  cal trial*’. In a phase II study, 2 / 20 SCLC patients re-
exon 21, were known to be associated with a dramatic  ported stable disease with gefitinib (Iressa®) treatment for
response to EGFR tyrosine kinase inhibitors (TKIs) and  more than 90 days, but EGFR status was not evaluated
improved survival’. Therefore, small cell carcinoma pa-  in the study®. For further treatment options, detection of
tients with the same mutations may show similar treat- EGFR mutation in unusual SCLC cases, such as cases
ment outcomes. The vast majority of EGFR mutations of female nonsmokers with peripheral nodular lesions
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or concomitant adenocarcinoma, has been suggested®.
Recent case reports and studies have focused on SCLC
patients with EGFR mutations, and some have described
treatment responsiveness after EGFR TKI use™. More
evidence on the status of EGFR mutations will help ex-
plore the potential novel treatment of SCLC.

There is little data on frequency and types of EGFR
mutations in SCLC. One Japanese study showed that 4%
(5/122) of SCLC patients harbored EGFR mutations?®.
The mutation types included L858R point mutation
(n=3), G719A point mutation (n=1), and deletions in
exon 19 (n=1). Additionally, 4/5 tumors with EGFR mu-
tation simultaneously harbored EGFR gene amplification.
Another study by a team from National Taiwan University
(NTU) report showed 2/76 (2.6%) SCLC specimens
tested positive for EGFR mutation, and both were dele-
tions in exon 19 (ref.!?). This retrospective study aimed to
explore the following subjects in a consecutive series of
SCLC focusing on the type and rate of EGFR mutations
in SCLC patients and the EGFR gene amplification rate
in EGFR-mutated tumors. The results will provide the
EGFR gene abnormalities in SCLC patients and lay the
foundation for future clinical treatment and trials.

METHODS

Ethical considerations

Ethical approval was obtained from the Institutional
Review Board (IRB) of Chang Gung Memorial Hospital,
Taoyuan.

Patients and tissue samples

The available number of small cell lung cancers
(SCLCs) was searched in the database of the Department
of Pathology at Keelung Chang Gung Memorial Hospital
(CGMH) using Systematized Nomenclature of Medicine
(SNOMED). A preliminary search of the database using
lung (SNOMED code: 28), bronchus (SNOMED code:
26), and small cell carcinoma (SNOMED code: 80413)
showed a total of 161 SCLC patients (91 pulmonary and
70 bronchial SCLCs) collected between January 1, 1992,
and August 31, 2014. Formalin-fixed, paraffin embed-
ded (FFPE) blocks are retrieved from the Department
of Pathology. Hematoxylin and eosin stain slides were
collected and reviewed to confirm the histopathologic
diagnosis of each case fulfilling the diagnostic criteria of
WHO (World Health Organization).

Immunohistochemical staining

Tissues were embedded in paraffin and sectioned.
After deparaffinization, they were hydrated and incubat-
ed with an epitope retrieval solution (10 mM citric acid,
pH 6.0) at 95 °C for 40 min. After incubation with 0.3%
H202 to inactivate endogenous peroxidase, nonspecific
binding was inhibited by incubation with 5% normal se-
rum in phosphate-buffered saline (PBS) at room tempera-
ture for 30 min. The sections were next incubated with
primary antibodies specific for thyroid transcription factor
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1 (TTF-1) (Biocare Medical, Pacheco CA, USA) and syn-
aptophysin (Leica Biosystems, Buffalo Grove IL USA) at
4 °C overnight. The sections were next incubated with bio-
tinylated secondary antibodies (Lab Vision, Kalamazoo,
MI, USA) at room temperature for 10 min, and then with
streptavidin peroxidase (Lab Vision) at room temperature.
Visualization was done with DAB following the manufac-
turer's instructions (DaKo, Carpinteria, CA, USA). After
sections were counterstained with hematoxylin, they were
air-dried and observed under a microscope (E600, Nikon,
Tokyo, Japan). All cells of each section were observed.
Positive outcome was confirmed when all tumor cells
revealed strong nuclear staining and strong cytoplasmic
staining of TTF-1 and synaptophysin, respectively. Two pa-
thologists who were blinded to the clinical data performed
all histological evaluations. Inconsistent results were re-
viewed and discussed before making a final decision.

Genomic DNA Isolation

Genomic DNA is isolated from 2-4 rolls of FFPE sec-
tions using an automated DNA isolation service provided
by Biobank at the Love Lake campus of Keelung CGMH.
The procedure is achieved using Qiagen QIAsymphony
SP/AS instruments to harvest high-quality DNA.

EGFR Mutation Assay

The EGFR mutation analysis was performed from July
2015 to June 2017 using the therascreen EGFR RGQ PCR
Kit (Qiagen). The therascreen EGFR RGQ PCR Kit is a
molecular diagnostic kit for detecting specific mutations,
insertions, and deletions in the EGFR gene using real-
time PCR on the Rotor-Gene Q Splex HRM instrument
(Qiagen). The kit includes all necessary reagents opti-
mized for rapid and sensitive detection of a low percent-
age of mutant DNA in a background of wild-type genomic
DNA. The kit provides exceptionally high sensitivity and
specificity for the detection of specific mutations. This
technique allows the detection of tumor cells as little as
1% of a mixture of tumor cells with normal tissue. The
procedure and interpretation of results are performed per
the user’s manual provided by Qiagen without any modifi-
cation. Idylla (Biocartis) was used to confirm the results
to rule out false positivity. Idylla EGFR mutation test is
a fully automated molecular diagnostic kit.

EGFR Fluorescent in Situ Hybridization (FISH)

Only cases tested positive for EGFR mutations were
collected for EGFR FISH. For FISH, EGFR/CCP7 FISH
Probe Kit (CytoTest inc., Bethesda, MD) will be used to
simultaneously detect the human EGFR gene as well as
chromosome 7 alpha-satellite in formalin-fixed, paraffin-
embedded sections. The probe contains green-labeled
polynucleotide (CytoGreen: excitation at 503 nm and
emission at 528 nm, similar to FITC), which targets alpha-
satellite-sequences of the centromere of chromosome 7
and orange-label polynucleotide (CytoOrange: excitation
at 547 nm and emission at 572 nm, similar to rhodamine),
which targets the EGFR gene. EGFR /CEN7FISH is per-
formed according to the manufacturer’s instructions. The
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following is the protocol of CytoTest. In brief, 4-5 um
thick sections are mounted on silane-coated slides and
dried at 55 °C overnight in a heated oven. The slides are
baked at 70 °C for 10 min and then deparaffinized for
10 min three times in xylene at room temperature (RT)
(22-27°C) and washed for 2 min three times in 100%
ethanol at room temperature. Slides are boiled in 10 mM
citric buffer, pH 7.0 for 15 min at 98-100 °C using a hot-
plate, and washed for 2 min three times in dH20O. They
are covered with 100 uL. 0.25% pepsin for 10 min at 37 °C
and washed for 2 min three times in phosphate-buffered
saline/0.5% Tween 20 (PBST). The slides are then dehy-
drated in 70%, 85%, 95%, and 100% ethanol for 2 min
each, and then air-dried. 7-15 uL of fluorescence-labeled
EGFR /CEN 7probes are added to the center of each
sample and covered with a 24 mm % 24 mm coverslip, the
edges of which are sealed with a thin layer of rubber ce-
ment to prevent the evaporation of probe solution during
incubation. The slides are loaded on a Dako Hybridizer
(Dako, Denmark) equipped with programmed denaturing
and heating procedures. Hybridization is performed at
38 °C for 16-18 h.

iy

After removal of the rubber cement and coverslip, the
slides are washed in 0.5 x SCC buffer in a Coplin jar for 5
min at 37 °C. They are then washed for 2 min three times
in PBST at RT. After dehydration, the section is covered
with a mounting medium containing DAPI for nuclear
counterstaining. The slides are then incubated at room
temperature for 15 min before the microscopic examina-
tion. The entire slide is scanned at low power to detect
cells with gene amplification. Amplification of EGFR is
determined if clusters of orange signals are seen or the
ratio of copies of the EGFR gene (orange) and copies of
the chromosome 7 centromere (green) is 2.0 or more in
at least 30 tumor cells counted. A ratio of 2.0 or more is
regarded as “amplified”. Normal cells show a ratio < 1.0.

To ensure objective interpretation of the FISH as-
say, all cases are given with 2 to 3 microscopic images
to include at least 100 cells, so that the participating pa-
thologists and clinicians can interpret FISH results. The
images are taken using the Olympus fluorescent micro-
scope equipped with a DP71 CCD camera image capture
system. The FISH interpretation is recorded as amplified
or not amplified.
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Fig. 1. The detection of EGFR L858R mutation in an 81-year-old female non-smoker.
(A) Qiagen therascreen EGFR RGQ PCR Kit. (B) Idylla ™M EGFR Mutation Assay (BIOCARTIS)
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Fig. 2. Representative immunopathological features of SCLC and EGFR fluorescent in situ hybridization in the same patient in
Fig. 1.
(A) An echo-guided biopsy showed characteristic small round oval cells with scanty cytoplasm and fine granular nuclear chroma-
tin. No adenocarcinoma components were present. Tumor cells showed strong nuclear TTF-1 immunostaining (B) and positive
synaptophysin immunostaining (C). (D) Tumor cells showed one or two copies of EGFR gene (orange) (green, centromere control
probe). The EGFR/CEP7 ratio is 1.18.

RESULTS

Patients’ characteristics

A preliminary search of the database using lung
(SNOMED code: 28), bronchus (SNOMED code: 26),
and small cell carcinoma (SNOMED code: 80413)
showed a total of 161 SCLC specimens (91 pulmonary
and 70 bronchial SCLCs) collected between January 1,
1992, and August 31, 2014. After reviewing hematoxylin
and eosin stain slides, there were only 71 SCLC speci-
mens potentially suitable for further evaluation. The main
causes of exclusion were due to small tissue sizes and/
or insufficient percentages of tumor cells and replicate
specimens.

Detection of EGFR mutations

Eight were further excluded from the study after the
DNA isolation from 71 SCLC specimens due to inade-
quate specimens. Two of the remaining 63 patients (3.2%)
tested positive for EGFR mutations (Fig. 1A). Qiagen as-
says showed two tumors harbored L858R (exon 21) point
mutation. Results confirmed that both tumors had L§58R
(exon 21) mutation by Idylla™ EGFR mutation kits (Fig.
1B). Additionally, 10 other EGFR mutation-negative tu-
mors were also tested by Idylla (Biocartis) to rule out false
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negativity. All 10 tumors showed no EGFR mutations by
Idylla (Biocartis). The results of EGFR mutation testing
by Qiagen and Idylla shown completely consistent.

Histopathologically, no components of adenocarcino-
ma were observed in these two specimens (Fig. 2A). TTF-
1 and synaptophysin immunostaining furtherly confirmed
that all carcinoma cells were positive, respectively (Fig.
2B and 2C), confirming these tumor cells were all neuro-
endocrine carcinoma cells of pulmonary origin. Finally,
EGFR FISH was performed to test whether these two
L858R+ tumors simultaneously harbored EGFR amplifi-
cation. Both tumors displayed no EGFR amplification by
FISH. The EGFR/CEP7 ratio is 1.18 and 1.21 for cases
1 and 2, respectively.

Information on patients with EGFR mutation in this study

Case 1 was an 81-year-old female non-smoker, diag-
nosed with small cell carcinoma in January 2015 and who
underwent a short-course radiotherapy (RT) to her left
lung lesion in February 2015. No improvement was noted
after RT. Finally, case 1 was lost without further follow-up
in May 2015. Case 2 was a 48-year-old male smoker with
diabetes mellitus (DM) and hypertension, diagnosed as
small cell carcinoma with mediastinal invasion, mediasti-
nal lymph node metastasis, malignant right pleural effu-
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Table 1. Comparisons of SCLC patient profiles with EGFR mutation.

This study! Shiao et al.! Tatematsu et al."!  Fukui et al.
Number of patients 63 72 122 64
Number of cases 2 2 5 1
EGFR mutations rate (%) 3.2 (2/63) 2.6 (2/76) 4.1 (5/122) 1.6

EGFR mutations

Exon 21 (L858R) Exonl9 del (del E746-S752 insV)
Exon 19 del (del E746-A750)

Exon 21 (L858R)
Exon 18 (G719A)
Exon 19 del

Exon 21 (L858R)

sion, brain metastasis, community-acquired pneumonia,
and viral infection, while admission in November 2014.
He underwent chemotherapy and RT in 2015 but received
a poor prognosis and expired due to acute respiratory
distress syndrome (ARDS). No similarity of characteris-
tics was found between these two cases except the EGFR
mutation type.

Survival analysis

Because only two tumors of 63 analyzable tumors had
EGFR mutations, it was not statistically feasible to com-
pare the survival rates.

DISCUSSION

This retrospective study showed that EGFR mutations
were rare (3.2%, 2/63) in a series of SCLC patients in
Keelung CGMH (Table 1). The mutation rate was close
to 2.6% (2/76) and 4.1% (5/122) reported by Shiao et
al.'” and Tatematsu et al.", respectively. In comparison,
the sample size of Tatematsu et al. is 122, which was al-
most two times more than this study, which means more
mutation types can be more likely detected if all potential
SCLC specimens (n=161) in this study are obtained and
analyzed. Unfortunately, nearly 100 specimens were not
suitable for analysis due to petite tissue sizes (the primary
cause) or low percentages of tumor cells.

The tumors from two SCLC patients in this study
harbored EGFR point mutations of L858R, a missense
mutation at codon 858 in exon 21, which is first reported
in Taiwan. L858R point mutation is thought to be classi-
cal activating EGFR mutations, which together account
for up to 85% of observed EGFR mutations in non-small
cell lung cancer (NSCLC) and are defined as solid predic-
tors for good clinical response to EGFR TKIs (ref.!>1).
However, it’s rare in SCLC patients. It had been only
reported in one case by Tatematsu et al. in Japan!' and
was not presented in other studies'®.

Two in vitro diagnostic (IVD) kits, including fully-au-
tomated qPCR-based IdyllaTM system and Qiagen ther-
ascreen EGFR RGQ PCR Kit, were used and expected to
obtain higher sensitivities, specificities, and completeness
of mutation detection than previous studies using only
one kit™'®!"', Though this study is not intended to com-
pare the sensitivity and specificity of both tests, the re-
sults showed that Qiagen and Idylla had an agreement of
100% (12/12). The Idylla™ EGFR Assay produced results
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faster and more cost-effective than Qiagen Therascreen
EGFR Kit. The Idylla™ system shown good sensitivity,
cost-saving, and time-efficient. Additionally, because of
the easy workflow, the Idylla™ system can expand EGFR
testing to more pathology laboratories in a reliable and
fast manner.

Due to the specificity of EGFR mutation for adeno-
carcinoma, SCLCs with EGFR mutations are thought to
be associated with adenocarcinoma. Therefore, one fre-
quently challenged issue for identifying EGFR mutations
in SCLC is whether the adenocarcinoma components
were histopathologically presented in those mutations.
Nicholson et al. reported that 28 of 100 surgically re-
sected SCLCs had a histologic component of non-small
cell lung cancers'. Tatematsu et al. reported that EGFR
gene mutation was detected in 5 of 122 SCLCs, and three
of the 5 combined SCLC had an adenocarcinoma com-
ponent but not a squamous cell carcinoma component!'’.
In this study, no adenocarcinoma components were his-
topathologically observed and confirmed in two target
SCLC specimens.

Limitation

Firstly, this was a single-center retrospective study with
a small sample size due to the rare EGFR mutation in
SCLC. Therefore, it might lead to over-interpretation in
clinical practice; additional prospective studies with more
patient tissues containing EGFR mutation and clinico-
pathologic characteristics are still needed to verify the
findings. Secondly, this study merely obtained clinical
findings, and more evidence of functional characteristics
such as in vitro and in vivo studies are needed for valida-
tion.

CONCLUSION

In summary, Two SCLC patients with the same EGFR
mutation, L858R in Exon 21, were reported from 63
SCLCs in this study. Thus, it might suggest a particular
EGFR mutation on SCLC in the Taiwan area, and large-
scale cohort studies are needed to verify this finding.

ABBREVIATIONS

EGFR, Epidermal growth factor receptor; SCLC,
Small cell lung cancer; FISH, Fluorescence in situ hy-
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bridization; NTU, National Taiwan University; PBS,
Phosphate-buffered saline; DM, Diabetes mellitus; IVD,
In vitro diagnostic.
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