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Abstract. The present study describes the case of a 
48‑year‑old man who was diagnosed with lung adenocarci-
noma with an epidermal growth factor receptor (EGFR) 21 
L858R mutation. The patient received surgery and adjuvant 
chemotherapy. When multiple lung metastases appeared, 
icotinib was administered. Following resistance to icotinib, 
biopsy by endobroncheal ultrasonography for a right lung 
hilar lymph node revealed transformation to a neuroendocrine 
morphology. Neuron‑specific enolase (NSE) levels were 
elevated, accompanied with disease progression following 
transformation to the neuroendocrine morphology. The 
post‑operative and biopsy specimens were analyzed for 416 
genes using next‑generation sequencing, and phosphatidylino-
sitol‑3‑kinase catalytic α mutation and retinoblastoma loss 
were evident. Five cycles of etoposide combined with cisplatin 
were administered and a partial response was achieved. The 
disease progressed again accompanied with an elevated NSE 
level, and bronchoscopy examination revealed small cell lung 
cancer (SCLC) after 3 months. The patient received chemo-
therapy consisting of irinotecan combined with carboplatin for 
two cycles and achieved stable disease. Overall, a secondary 
biopsy is important for the evaluation of genetic and histo-
logical changes and the selection of an appropriate treatment 
following tyrosine kinase inhibitor (TKI) resistance, and NSE 

may be useful for the early detection of SCLC transformation 
in cases that are resistant to EGFR‑TKI therapy.

Introduction

Lung cancer, including small‑cell lung cancer (SCLC) and 
non‑SCLC (NSCLC), which is mainly comprised of adenocar-
cinoma, squamous cell carcinoma and large cell carcinoma, is 
the most common type of malignancy and the leading cause of 
cancer‑associated mortality worldwide (1). Adenocarcinoma 
is the most common type of NSCLC, and epidermal growth 
factor receptor (EGFR)‑tyrosine kinase inhibitor (TKI) 
therapy, including erlotinib, gefitinib or icotinib, is the gold 
standard of treatment for EGFR‑mutant lung adenocarci-
noma (2‑4). The incidence of EGFR mutation in NSCLC in 
2005 was higher in East Asian populations when compared 
with the incidence in other ethnicities (30 vs. 8%) (5). Patients 
with lung adenocarcinoma harboring exon 19 deletions 
achieved longer progression‑free survival (PFS) and overall 
survival time (OS) compared with those with L858R muta-
tions  (6). However, patients ultimately develop acquired 
resistance, and the most recently identified mechanism for 
this is transformation to SCLC (7). Ahn et al (8) reported six 
cases of transformation from lung adenocarcinoma to SCLC. 
Erlotinib, gefitinib, afatinib and icotinib were equally as 
efficient as each other but exhibited different efficacy‑toxicity 
patterns  (4). EGFR‑TKI‑resistant SCLCs are differenti-
ated early from the lung adenocarcinoma clones that harbor 
completely inactivated retinoblastoma 1 (RB1) and TP53 (9). 
Molecular mechanisms involved in the transformation from 
NSCLC to SCLC include TP53 mutations, RB1 loss, lack of 
EGFR expression and MYC amplification. The most studied 
signaling pathway is the achaete‑scute homolog 1 (ASCL1) 
which is regulated by four different neurogenic locus notch 
homolog (NOTCH) receptors. NOTCH alterations promote 
ASCL1 and CD56 overexpression (9). These changes induce 
cyclin‑dependent kinase 5 (CDK5) activity and inactivation of 
RB by phosphorylation (9). The present study reports a case 
of acquired resistance to icotinib therapy through transforma-
tion to SCLC. The results implicate that a secondary biopsy is 
important to clarify the mechanism of TKI resistance, and NSE 
may be useful for the early detection of SCLC transformation 
in cases that are resistant to EGFR‑TKI therapy.
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Case report

A 55‑year‑old man with a history of smoking was referred 
to Zhejiang Cancer Hospital (Hangzhou, China) September 
22, 2015 due to occur lung metastasis. A right upper lobe 
lobectomy was performed June 26, 2009 (48‑year‑old). The 
pathological diagnosis was of lung adenocarcinoma with 
a mixed acinar and papillary pattern (June 26, 2009) and 
the stage of cancer was pT2aN1M0 (IIB) according to the 
eighth edition of the Tumor‑Node‑Metastasis classification 
for lung cancer (10). The results of immunohistochemistry 
(Primary antibody in Table I; Secondary antibody: EnVision 
FLEX/horseradish peroxidase; dilution, ready‑to‑use; cat. no., 
K8000, Dako; Agilent Technologies, Inc., Santa Clara, CA, 
USA) (11‑13) markers were as follows: Thyroid transcription 
factor 1 (TTF‑1)(+), Napsin A(+), synaptophysin (Syn)(‑) and 
chromogranin A(‑). The patient received six cycles of adjuvant 
carboplatin/gemcitabine intravenously (1.6 g gemcitabine on 
days 1 and 8, and 100 mg carboplatin on days 1, 2 and 3, every 
three weeks for one cycle) chemotherapy without complication, 
but at 37 months post‑surgery, presented with a metachro-
nous solitary left lower lobe nodule, detected by computed 
tomography, and underwent a wedge resection. The tumor 
was ~0.9x0.8x0.7 cm, without interlobar lymph node metas-
tasis. The pathological diagnosis using the aforementioned 
method was of invasive adenocarcinoma (mainly papillary 
accompanied with an acinar pattern; Jan 30, 2013) and was 
detected to harbor an EGFR 21 L858R mutation according 
to amplification refractory mutation system detection, as 
previously described (14). The patient subsequently received 
four cycles of pemetrexed (1,000 mg on day 1, every three 
weeks for one cycle). After 10 months, the patient received 
icotinib treatment (125 mg thrice daily) due to multiple lung 
metastasis, detected by computed tomography, and a complete 
response was achieved. After another 19 months, multiple lung 
metastases appeared again and the right lung hilar lymph node 
was determined to be enlarged on surveillance by computed 
tomography (Fig.  1A and B). Biopsy by endobroncheal 
ultrasonography for the right hilar lymph node revealed trans-
formation to neuroendocrine carcinoma (Sep 20, 2015) and 
the following immunohistochemical results (Primary anti-
body in Table I): Cytokeratin (CK)(+), TTF‑1(+), CK7 (weak 
positive), Ki‑67(+, 40%), CD56(+), carcinoembryonic antigen 
(CEA)(‑), Syn (weak positive), CK5/6(‑), P40(‑), chromogranin 
A(‑) and Napsin A(‑). The staining analysis was performed as 
described previously (11‑13). The post‑operative and biopsy 
specimens were analyzed for 416 genes by next‑generation 
sequencing, and phosphatidylinositol 3‑kinase catalytic α 
(PIK3CA) mutation and retinoblastoma (RB) loss were found 
(Table II). Neuron‑specific enolase (NSE) level was elevated 
when transformation to neuroendocrine carcinoma occurred. 
A total of five cycles of intravenous etoposide (180 mg/d1) 
combined with cisplatin (45 mg day 1, day 2, day 3, every 
three weeks for one cycle) were administered and a partial 
response was achieved (Fig. 1C and D). Disease progression 
occurred accompanied with an elevated NSE level after 
6 months (Fig. 1E‑H), and bronchoscopy examination revealed 
SCLC in the right upper lobe (Mar 16, 2016). The patient 
received intravenous chemotherapy consisting of irinotecan 
(120 mg on days 1 and 8) combined with carboplatin (600 mg 

on day 1) every three weeks for two cycles, and achieved 
stable disease for two months (Fig. 1I‑L). Subsequently, the 
patient was followed up once, 2‑3 months later. The patient 
succumbed in April 2017 due to deterioration of the condition. 
Pathological results of the patient at different times during the 
study period is presented in Fig. 2. The changes in NSE and 
CEA concentration are presented in Fig. 3. The sequence of 
anticancer treatments is presented in Table III. The patient 
provided written informed consent for the publication of the 
present study.

Table I. Antibody used in the present study.

Antibody	 Dilution	 Catalog number	 Supplier

TTF‑1	 1:200	 MAB‑0599	 Maxim
Napsin A	 1:400	 NCL‑L‑NapsinA	 Leica
Syn	 RTU	 IR660	 DAKO
Chromogranin A 	 1:200	 MAB‑0202	 Maxim
CK	 RTU	 IR 053	 DAKO
CK7	 RTU	 IR619	 DAKO
Ki‑67	 RTU	 IR626	 DAKO
CD56	 RTU	 IR628	 DAKO
CEA	 RTU	 IR622	 DAKO
CK5/6	 1:400	 MAB‑0276	 Maxim
P40	 1:200	 ACI3066C	 BIOCARE

TTF‑1, thyroid transcription factor 1; Syn, synaptophysin; RTU, 
ready to use; CK, cytokeratin; CEA, carcinoembryonic antigen.

Figure 1. Computed tomography scans of the patient. (A and B) Aug 21, 
2015: Multiple lung metastases appeared and the right lung hilar lymph node 
appeared enlarged, as visualized in the (A) pulmonary and (H) mediastinal 
windows. (C and D) Dec 21, 2015: Regression of lung metastatic neoplasm 
and notable shrinking of the right mediastinal lymph node, as visualized in 
the (C) pulmonary and (D) mediastinal windows. (E and F) Mar 16, 2016: 
Lung metastasis and hilar lymph node was markedly enlarged, as visualized 
in the (E) pulmonary and (F) mediastinal windows. (G and H) Mar 16, 2016: 
Emerging new liver metastasis as visualized in the (G) arterial and (H) portal 
phases. (I and J) May 10, 2016: Lung metastasis and enlarged mediastinal 
lymph node, as visualized in the (I) pulmonary and (J) mediastinal windows. 
(K and L) May 10, 2016: Liver metastasis as visualized in the (K) arterial and 
(L) portal phases.
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Discussion

A number of mechanisms of acquired resistance to EGFR‑TKI 
therapy in EGFR mutant lung adenocarcinoma have been 
described, including the EGFR T790M mutation, EGFR 
amplification, MET gene amplification, PIK3CA muta-
tion and transformation to SCLC  (7). Transformation of 
adenocarcinoma to SCLC in patients with somatic EGFR 
mutations as the TKI therapy resistance mechanism has 
previously been reported (15), and the percentage of transfor-
mation from adenocarcinoma to SCLC was identified in 14% 
of cases (7).

Analysis of tumor samples and cell lines derived from 
resistant EGFR mutant patients revealed that RB is lost in 
100% of such SCLC transformed cases, but rarely in those 
that remain NSCLC (16). The gene detection in the present 
patient following icotinib resistance also revealed RB loss 
and the appearance of a PIK3CA gene mutation. It is currently 

indicated that combined‑histology tumors and transfor-
mation occur more frequently in lung cancer types with 
EGFR‑activating mutations compared with EGFR wild‑type 
tumors. The reason for this may be that the cell of origin 
of certain EGFR‑mutant adenocarcinomas, type II alveolar 
cells, also have the potential to become SCLC (17). Mixed 
EGFR‑mutant NSCLC/SCLC histology has been reported in a 
number of cases, indicating a certain degree of dynamic plas-
ticity between the two histologies in specific cases, without 
the selective pressure of the EGFR TKI (18‑20). The present 
case was verified as an adenocarcinoma, and not combined 
SCLC, through surgical resection and transformation from 
adenocarcinoma to SCLC following icotinib resistance. A 
secondary biopsy is important in order to evaluate the genetic 
and histological changes, and to select an appropriate treat-
ment for TKI resistance. In the present patient, a secondary 
biopsy and gene detection were performed in order to 
permit the use of a more rational therapy. It is occasion-
ally difficult to perform a second biopsy, and so NSE level 

Table III. Sequence of anticancer treatments.

Date	 Treatment

June 2009	 Right upper lobectomy
December 2009	 Completed adjuvant gemcitabine‑
	 carboplatin chemotherapy
January 2013	 Underwent wedge resection of left lower 
	 lobe nodule
June 2013	 Completed pemetrexed chemotherapy
August 2013	 Multiple lung metastasis
November 2013	 Commenced icotinib treatment
August 2015	 Multiple lung metastasis and biopsy by 
	 endobroncheal ultrasonography for the hilar
	 lymph node, which revealed transformation
	 to neuroendocrine carcinoma
December 2015	 Completed etoposide‑cisplatin
	 chemotherapy
March 2016	 Multiple lung metastasis enlarged and 
	 hepatic metastasis appeared
May 2016	 Complete two cycles of irinotecan 
	 combined with carboplatin

Table II. Genetic alteration for three specimens obtained from 
the patient over the study period.

	 Specimen	 Specimen	 Specimen
Gene	 from 2009	 from 2013	 from 2015

EGFR (L858R)	 11%	 25%	 78%
RB1 (Y567fs)	   6%	 20%	 57%
TP53 (S241C)	 20%	 34%	 73%
PIK3CA (E545A)	 No	 No	   3%
MYCL amplification	 No	 No	 21.6 times
RB1 loss	 No	 Yes	 Yes
RAC1 amplification	 2.7 times	 No	 No

Percentages refer to the percentage of cells positive for the muta-
tion. EGFR, epidermal growth factor receptor; RB, retinoblastoma; 
PIK3CA, phosphatidylinositol‑3‑kinase catalytic α; TP53, tumor 
protein p53; MYCL, MYCL proto‑oncogene, bHLH transcription 
factor; RAC1, ras‑related C3 botulinum toxin substrate 1 (ρ family, 
small GTP binding protein Rac1).

Figure 2. Pathological results of the patient at different times in the study 
period. (A) June 26, 2009: Predominant papillary/micropapillary adeno-
carcinoma, partly combined with acinar adenocarcinoma. (B) Jan 30, 2013: 
Predominant papillary adenocarcinoma and acinar adenocarcinoma. (C) Sep 
20, 2015: Neuroendocrine carcinoma (inclining toward small cell lung 
cancer). (D) Mar 16, 2016: Small cell lung cancer.

Figure 3. Variation curve of NSE and CEA. NSE, neuron‑specific enolase; 
CEA, carcinoembryonic antigen.
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may be useful for the early detection of transformation to 
SCLC in cases that are resistant to EGFR‑TKI therapy. NSE 
could potentially overcome the limitations of performing 
biopsies on single lesions, which may miss the transforma-
tion of another metastatic lesion into SCLC (21‑24). It was 
concluded that a secondary biopsy was important for the 
evaluation of genetic and histological changes and the selec-
tion of an appropriate treatment following TKI resistance, 
and that NSE may be useful for the early detection of SCLC 
transformation.
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