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A marked response to icotinib in a patient with large cell
neuroendocrine carcinoma harboring an EGFR mutation:
A case report
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Abstract. The present study reports the case of an 84-year-old
male with primary pulmonary large cell neuroendocrine
carcinoma (LCNEC) harboring an epidermal growth factor
receptor (EGFR) gene mutation that exhibited a long-lasting
response to the EGFR-tyrosine kinase inhibitor (EGFR-TKI)
icotinib. The patient had an extensive smoking history, a poor
performance status, and presented with an irregular mass in the
middle lobe of the right lung on computed tomography (CT)
and an enlarged left supraclavicular lymph node on physical
examination. Right middle lobe bronchial brushing during
fiberoptic bronchoscopy identified poorly-differentiated cancer
cells. The left supraclavicular lymph node was biopsied and a
diagnosis of metastatic LCNEC was determined. Furthermore,
an EGFR exon 19 deletion was identified by DNA sequencing.
Following diagnosis, icotinib was administered at a dose of
125 mg three times a day. Chest CT scans were performed
after 1 month of treatment, which indicated that the tumor was
in partial remission. This marked response to icotinib lasted
for 8 months. Thus, the present case illustrates the possibility
of identifying EGFR mutations in LCNEC and indicates that
EGFR-tyrosine kinase inhibitors may be an alternative treat-
ment strategy for patients with LCNEC harboring activating
EGFR mutations.

Introduction

Pulmonary large cell neuroendocrine (NE) carcinoma
(LCNEQ) is a rare type of pulmonary tumor, accounting for
2-3% of lung cancers in surgical series. Subsequent to the
initial description of LCNEC by Travis et al in 1991, increasing
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evidence has indicated that LCNEC shares numerous morpho-
logical, immunohistochemical and molecular characteristics
with small cell lung cancer (SCLC), as well as treatment
strategies and a poor prognosis (1). The optimal treatment
regime for patients with LCNEC has yet to be established.
Recently, the use of epidermal growth factor receptor-tyrosine
kinase inhibitors (EGFR-TKIs) has been demonstrated to be
an effective therapeutic strategy for patients with non-SCLC
(NSCLCQ), particularly for those with EGFR mutations (2,3).
However, EGFR mutations typically occur in patients with
adenocarcinoma and investigations of EGFR mutations in
LCNEC are limited.

To date, only one case of LCNEC with an activating EGFR
gene mutation and a good response to EGFR-TKI has been
described in the literature (4). The present study describes a
case of LCNEC harboring an activating EGFR mutation that
was treated with icotinib and exhibited a marked response. The
current report highlights the possibility of identifying EGFR
mutations in LCNEC and the potential of EGFR-TKIs in the
treatment of patients with LCNEC harboring these EGFR
gene mutations. Written informed consent was obtained from
the patient's family.

Case report

In February 2013, an 84-year-old male with a smoking history
of 20 cigarettes a day for 40 years presented to the First Affili-
ated Hospital of the College of Medicine, Zhejiang University
(Hangzhou, China) with a 1-month history of a non-productive
cough and right-sided back pain. The patient also complained
of fatigue and weight loss of 10 Ib over the most recent month.
The patient exhibited a poor Eastern Cooperative Oncology
Group performance status of 3 (5), a left supraclavicular lymph
node was palpably enlarged upon initial physical examination
and chest computed tomography (CT) detected an irregular
mass in the middle lobe of the right lung (Fig. 1A and B). Initial
blood tests revealed an elevated carcinoembryonic antigen
(CEA) concentration of 106.1 ng/ml (standard range, 0-5 ng/ml)
and an elevated neuron specific enolase (NSE) concentration
of 82.1 ng/ml (standard range, 0-15 ng/ml). Furthermore, right
middle lobe bronchial brushing during fiberoptic bronchos-
copy identified poorly-differentiated cancer cells. A biopsy
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Figure 1. Chest computed tomography scans performed (A and B) prior to and (C and D) after 1 month of icotinib therapy revealing a marked response to
treatment. (A and C) Lung and (B and D) diaphragm window scans were performed.
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Figure 2. Biopsy of the left supraclavicular lymph node histologically consistent with metastatic pulmonary large-cell neuroendocrine carcinoma.
(A) Histological specimen of the excisional biopsy of the left supraclavicular lymph node (hematoxylin and eosin stain). Immunostaining revealing (B) nuclear
positivity for thyroid transcription factor 1, and cytoplasmic positivity for (C) synaptophysin and (D) chromogranin A, indicating a neuroendocrine phenotype

(magnification, x40).

of the left supraclavicular lymph node was histologically
analyzed and the following NSCLC cytological features were
identified: Large cell size, low nuclear/cytoplasmic ratio, NE
morphology with organoid nesting and a high mitotic rate of
>10 mitoses per 2 mm?. These results were consistent with a
diagnosis of metastatic LCNEC (Fig. 2). In agreement with

this diagnosis, an NE phenotype was demonstrated by posi-
tive cytoplasmic immunostaining for synaptophysin (Fig. 2C)
and chromogranin A (Fig. 2D). Additionally, formalin-fixed
paraffin-embedded tissues with a thickness of 5 um were
used to determine the presence of EGFR mutations. Genomic
DNA was isolated using the QTAamp® DNA Mini kit (Qiagen,
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Hilden, Germany), according to the manufacturer's instruc-
tions. Exon sequences for EGFR (exons 18, 19, 20 and 21)
were amplified with specific primers by polymerase chain
reaction and an activating EGFR mutation (exon 19 deletion)
was detected.

Following diagnosis, icotinib was orally administered
at a dose of 125 mg three times per day and continued for
8 months. After 1 week of treatment, the patient reported a
significant reduction in coughing and right-sided back pain.
Chest CT scans performed 1 month after treatment with
icotinib commenced revealed partial remission (Fig. 1C and D).
Furthermore, CEA and NSE concentrations were markedly
reduced to 65.1 and 22.2 ng/ml, respectively, after 4 months
of icotinib treatment. This marked response to icotinib lasted
for 8 months. However, after 8 months of treatment, the patient
reported the reappearance of cough and right-sided back pain,
and decided to discontinue self-administration of icotinib. The
patient did not return to the First Affiliated Hospital of the
College of Medicine for further examination or treatment.

Discussion

LCNEC is a subtype of large cell carcinoma (LCC). Due to
its NE differentiation, LCNEC is also classified as a pulmo-
nary NE tumor. According to the 1999 and 2004 World
Health Organization classifications (6,7), there are four major
categories of NE phenotype in LCCs: i) LCNEC (LCC with
NE features upon light microscopy, immunohistochemistry
and/or electron microscopy); ii) LCC with NE morphology
(LCC with NE morphology, but no NE differentiation upon
electron microscopy or immunohistochemistry); iii) LCC with
NE differentiation (LCC with no NE morphology, but with
NE differentiation upon immunohistochemistry or electron
microscopy); and iv) classic LCC (LCC that appears to lack
NE morphology and NE differentiation).

As the population of patients with LCNEC is small, it
has been difficult to conduct randomized controlled trials to
establish a consensus on the optimal management of LCNEC.
LCNEC is more similar to SCLC than NSCLC with respect to
its clinical characteristics, including a preponderance of men
and smokers, as well as the effectiveness of palliative chemo-
therapeutic regimens (8). The majority of previous studies have
reported that patients with LCNEC exhibit poorer survival
than is expected for patients with stage-matched NSCLC,
approaching the unfavorable outcome of patients with SCLC.
Overall, previous study series have reported LCNEC 5-year
survival rates of 13-57% in surgically-treated patients (9,10).
Certain retrospective reviews of LCNEC patients under-
going surgery have indicated that surgical resection tends to
improve overall survival. For such resectable patients, it has
been demonstrated that perioperative adjuvant chemotherapy
favors survival compared with surgery alone (5,10-12). With
respect to chemotherapeutic agents, the cisplatin-VP-16
doublet regime has been recommended, similar to the recom-
mendation for patients with SCLC. This treatment strategy
demonstrated satisfactory results in terms of overall survival
and recurrence-free survival (11). The majority of previous
studies focused on surgically-treated cases due to the difficulty
in obtaining a pre-operative pathological diagnosis, therefore,
only a small number of studies have evaluated the treatment of
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advanced LCNEC thus far, including the efficacy of systemic
chemotherapy (8,13). The number of patients analyzed in these
studies, however, was too small to draw meaningful conclu-
sion from.

EGFR-TKI therapy has been the primary treatment
strategy for patients with EGFR-mutant NSCLC, particularly
for patients with lung adenocarcinoma, non-smokers and
Asian patients (2,3). However, due to the rarity of patients with
LCNEC, our understanding of EGFR mutations in these patients
is limited. Although cases of LCNEC harboring EGFR gene
mutations have been sporadically reported since 2011, only one
case of LCNEC case treated with EGFR-TKI has been reported.
De Pas et al reported the case of a non-smoking, 66-year-old
female with an exon 19 deletion in the EGFR gene who exhibited
a long-lasting response to gefitinib as first-line therapy (4). Simi-
larly, the present study reports the case of a heavy smoker with
an activating EGFR exon 19 deletion mutation who exhibited a
marked long-lasting response to EGFR-TKI therapy. These two
cases of LCNEC with activating EGFR mutations responded
well to EGFR-TKI treatment, indicating that mutational analysis
should be encouraged to improve treatment selection for patients
with LCNEC patients. Whether EGFR mutation predominantly
occurs in non-smoking women or Asian patients with LCNEC,
similar to lung adenocarcinoma, remains unknown due to the
rarity of such cases.

The genomic alterations and mechanisms of LCNEC are
largely unknown. Yanagisawa et al (14) and Popat er al (15)
reported two cases of refractory lung adenocarcinoma with
EGFR mutations that exhibited transformation from adeno-
carcinoma to LCNEC following long-term gefitinib treatment
or erlotinib plus chemotherapy treatment, respectively. This
transformation to LCNEC retained the original EGFR muta-
tion, indicating that it may be a potential EGFR-TKI resistance
mechanism.

Identifying the potential molecular targets for LCNEC
therapy is imperative to improve the prognosis of patients with
LCNEC. A number of studies have analyzed the expression and
mutation of various genes in LCNEC patients. For example,
Rossi et al (16) investigated 83 patients with pure pulmonary
LCNEC and revealed that LCNEC samples strongly expressed
the following receptor tyrosine kinases (RTKs): KIT expres-
sion was identified in 62.7% of patients, platelet-derived growth
factor receptor (PDGFR)a in 60.2% of patients, PDGFRf in
81.9% of patients and Met in 47% of patients. However, no
mutations were detected in the exons encoding the relevant
juxtamembrane domains. Iyoda et al (17) analyzed c-KIT,
human epidermal growth factor receptor type 2 (HER2) and
vascular endothelial growth factor (VEGF) expression by
immunohistochemical analysis. Gene mutations in EGFR,
HER-2 and c-KIT were identified in 13 resected LCNEC
samples and compared with the expression in lung adenocar-
cinoma. LCNEC exhibited a higher rate of ¢-KIT, HER2 and
VEGF immunohistochemical expression. Only a single EGFR
mutation (exon 18) was found in the LCNEC group. These
data indicate a potential role for RTK-, VEGF-, c-KIT- and
HER2-targeted agents in LCNEC treatment.

In conclusion, the current case highlights the possibility of
identifying EGFR mutations in LCNEC cases and indicates
that EGFR-TKIs may be an alternative treatment strategy for
patients with LCNEC harboring activating EGFR mutations.
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Understanding the potential molecular targets in LCNEC is
critical for investigating novel and effective treatment strate-
gies for LCNEC. Prospective clinical studies on larger series
of patients with LCNEC are required to confirm the signifi-
cance of EGFR gene mutations and the role of EGFR-TKI in
the treatment of LCNEC with these mutations.
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