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Abstract: Patients with small cell lung carcinoma (SCLC) present neuroendocrine (NE) properties and chromogranin 
A (CGA), synaptophysin (Syn), and neural cell adhesion molecule 1 (NCAM1) are known as NE diagnostic markers, 
while the predictive value of the NE differentiation in SCLC remains uncertain. The aim of this retrospective study 
was to evaluate the prognostic significance of NE markers in tissue level in SCLC. A total of 192 patients were 
enrolled in the study, 136 (70.8%) patients received chemotherapy, and 10 (5.2%) patients were underwent lobec-
tomy resection. The expression levels of the NE markers were performed using immunohistochemistry (IHC). Our 
data showed the positive expression rates of CGA, Syn, and NCAM1 were 112 (58.3%), 160 (83.3%), 166 (86.5%), 
respectively. There were significant associations between CGA, NE markers and disease stage, lymph node metas-
tasis in SCLC (P<0.05). A multivariate analysis was performed using Cox regression model, the results showed that 
disease stage (P<0.001), regional lymph node metastasis (P<0.001), CGA expression (P=0.019), NE differentiation 
(P=0.033), chemotherapy (P=0.001), and surgery (P=0.001) were independent factors associated with overall sur-
vival. Kaplan-Meier and log-rank test demonstrated that patients with low expression of CGA (Log rank P=0.015) 
and low level of NE markers (Log rank P=0.028) proved to have significant longer survival compared to those with 
the opposite status of each variable. In conclusion, low CGA level or low NE markers by IHC in SCLC are both prog-
nostic determinants. Further studies are needed to elucidate the function of particular SCLC subtype in cell lines.
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Introduction

Lung cancer remains one of the most common 
worldwide malignancies. More than 85% of 
lung cancer patients are diagnosed as non-
small cell lung cancer (NSCLC), while the other 
15% of lung cancer patients are classified as 
small cell lung cancer (SCLC) [1]. SCLC is one of 
the most aggressive malignant neuroendocrine 
(NE) tumors consisting of small cells that derive 
from the lung [2, 3]. All the patients show histo-
logical features of NE morphology. It is believed 
that SCLC progresses more rapidly with poor 

survival compared to non-SCLC. Most of the 
cases have early metastases at the time of 
diagnosis, resulting in combination chemother-
apy treatment but not surgery. Even SCLC 
patients are sensitive to the chemotherapy, 
most of the tumor could recurrence in a short 
time [4]. Thus, in order to optimize treatment 
and improve prognosis of patients with SCLC, it 
is necessary to identify a novel predictor of effi-
cacy and outcome for SCLC.

Chromogranin A (CGA) is a 49 kDa heat stable 
acidic glycoprotein whose coded gene is locat-

http://www.ijcep.com


Chromogranin A, synaptophysin, NCAM1 and SCLC

5971	 Int J Clin Exp Pathol 2016;9(6):5970-5979

ed on chromosome 14. It is commonly 
expressed in the secretory granules of many 
normal and malignant neuroendocrine cells [5, 
6]. Besides, some tumors including breast, 
non-small cell lung cancer, gastric and colorec-
tal, prostate cancer can present focal positive 
expression of CGA. To our knowledge, CGA is 
well described as a tissue marker for SCLC 
diagnosis. In addition, CGA expression level 
was considered as predictors of small cell car-
cinoma of the cervix, gastroenteropancreatic 
neuroendocrine neoplasm, prostate cancer 
[7-9]. However, although previous studies have 
examined the prognostic capability of serum 
level of CGA by ELISA in SCLC, discrepancy is 
generated by different determination of cutoff 
values, and inconsistent data is obtained 
[7-12]. In our present study, we evaluated the 
expression level of CGA in tissue by immunohis-
tochemistry (IHC). 

Synaptophysin (Syn) was one of the first synap-
tic proteins which was identified more than 4 
decades ago, this gene encodes an integral 
membrane protein of small synaptic vesicles 
which is ubiquitously expressed in synapses 
throughout the mammalian brain [13]. Syn is 
known to bind cholesterol, besides, Syn can 
direct target vesicle-associated membrane pro-
tein 2 (synaptobrevin) to intracellular compart-
ments. Mutations in Syn gene which is involved 
in neuroscience and synaptic vesicle cycle are 
associated with mental retardation, X-linked 96 
and Syn-related x-linked mental retardation. 
Among its related pathways are. Syn is believed 
as a reliable neuroendocrine tissue marker and 
was commonly used in the diagnosis of neuro-
blastoma, pheochromocytoma, pituitary ade-
noma, thyroid adenoma, small cell carcinoma 
of the prostate and SCLC, whether Syn can be 
treated as a prognosis marker for SCLC remains 
to be explored [14, 15].

Neural Cell Adhesion Molecule 1 (NCAM1, also 
known as CD56) is a cell adhesion protein 
which belongs to immunoglobulin superfamily 
[16, 17]. It plays a key role in cell-to-cell interac-
tions as well as cell-matrix interactions during 
development of embryos and nervous system 
[18, 19]. Many researchers have paid attention 
to its role in retinal blastoma, medulloblasto-
ma, astrocytoma, neuroblastoma, gallbladder 
carcinoma, colorectal cancer, papillary thyroid 
carcinoma and acute myeloid leukemia [20-
22]. Besides, NCAM1 is also implicated in the 

expansion of T cells and dendritic cells which 
play a key role in immune surveillance. It was 
usually used as a marker for the diagnosis of 
NK/T cell lymphoma, myeloma and SCLC. While 
the predictive value of NCAM1 in SCLC remains 
to be elucidated. 

In this retrospective study, we investigate the 
pathogenetic and prognostic role of the IHC 
expression of NE markers including CGA, Syn 
and NCAM1 in SCLC. It is hoped that this study 
will give some information for the guidance of 
treatment and prognosis for SCLC.

Materials and methods

Patients

A total of 192 patients with confirmed SCLC in 
the Shaanxi Province Hospital recruited into 
our retrospective study between January 2009 
and December 2012. Histologic diagnosis of 
SCLC was made based on the 2004 WHO clas-
sification. Tumor specimens were obtained by 
surgical resection, CT-guided transthoracic 
lung biopsy, or bronchoscopic biopsy. Formalin-
fixed and paraffin-embedded (FFPE) tissues 
were made from the collected specimens for 
diagnosis and immunohistochemical (IHC) 
staining. All the patients underwent normal 
clinical examination, besides, CT scans of the 
chest, abdomen and brain were performed, 
and a bone scan was also carried out. No 
patients had been diagnosed as any other can-
cer; no patients had received anticancer thera-
py prior to enrollment in the present study. 
Patients with inaccurate medical records were 
excluded. Staging was classified according to 
the veterans administration lung cancer group 
(VALG) staging system. 

The patients were treated by platinum-based 
chemotherapy with or without surgery. The 
response to therapy was evaluated after two 
treatment cycles according to the Response 
Evaluation Criteria in Solid Tumors guidelines 
(RECIST) 1.1 criteria. The treatment response 
to initial treatment was classified as complete 
response (CR), partial response (PR), stable 
disease (SD) and progressive disease (PD). 
Accordingly, patients who had stable disease 
(SD), and progression disease (PD) were con-
sidered as non-responders, while patients who 
had complete response (CR) and partial 
response (PR) were classified as responders. 
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Of the 136 patients treated by platinum-based 
chemotherapy, 121 (89.0%) patients were res- 
ponders and 15 (11.0%) were non-respon- 
ders. 

The follow-up information was collected by tele-
phone interview from the patients or their rela-
tives. The Overall survival (OS) was counted 
from the date of diagnosis to the date of death 
or last follow-up. The detailed clinicopathologi-
cal data including age, gender, lymph node 

metastasis, initial stage, and survival data, 
therapeutic strategies were summarized in 
Table 1. This study was approved by Ethics 
Committee of Medical College of Xi’an Jiaotong 
University, Xi’an, China; informed consent was 
not required because of the retrospective 
nature of the study. All participants provided 
consent for the sample collection and data 
analysis.

Immunohistochemistry

CGA, Syn and NCAM1 protein expression levels 
were evaluated by immunohistochemistry 
staining. A formalin-fixed, paraffin-embedded 
(FFPE) tissue block from each patient was cut 
into 4 μm sections for IHC staining. All sections 
were dewaxed in xylene and rehydrated with a 
graded ethanol series. In order to do antigen 
retrieval, the sections were placed in an auto-
clave for 10 min in 10 mM citrate buffer (pH 
6.0). Then, 3% hydrogen peroxide was used for 
10 min to block endogenous peroxidase activi-
ty. Sequentially, slides were incubated with the 
CGA primary antibody (Cell Signaling Techno- 
logy, MA, USA), Syn primary antibody (Pro- 
teintech Group, Inc, Wuhan, China) and NCAM1 
primary antibody (Cell Signaling Technology, 
MA, USA) overnight at 4°C, SCLC was used as 
positive control, PBS was used instead of pri-
mary antibody as negative control. Next, HRP-
conjugated secondary antibody (Maixin biolo- 
gical, Fuzhou, China) was applied for 15 min  
at room temperature, 3,3’-diaminobenzidine 
(DAB) was used as a chromogen. Finally, all the 
slides were washed in water, counterstained 
with haematoxylin, dehydrated with ethanol, 
cleaned with xylene and mounted by cover 
slips. Immunostained slides were interviewed 
by two independent pathologists who were 
blinded to the clinicopathological data. Staining 
was considered positive if tumor cells present-
ed focal, patchy, or diffuse staining intracellu-
larly as previously described [23, 24]. We 
defined that patients with any one of positive 
CGA, Syn or NCAM1 as the NE+ subgroup, 
patients with any two of positive CGA, Syn or 
NCAM1 as the NE2+ subgroup, patients with 
total positive CGA, Syn and NCAM1 as NE3+ 
subgroup, while patients with total negative 
CGA, Syn or NCAM1 was defined as NE- sub-
group. Accordingly, patients with NE- and NE+ 
were divided into NE low subgroup, and patients 
with NE2+ and NE3+ were divided into NE high 
subgroup.

Table 1. The main clinical characteristics of the 
patients with SCLC
Clinicopathological data N (%)
Age
    ≤60 114 (59.4%)
    >60 78 (40.6%)
Gender
    Male 139 (72.4%)
    Female 53 (27.6%)
Tumor size
    ≤5 cm 43 (74.5%)
    >5 cm 49 (25.5%)
Initial stage
    Limited stage 31 (16.1%)
    Extensive stage 131 (68.2%)
Regional lymph node metastasis
    Absent 20 (10.4%)
    Present 140 (72.9%)
Chemotherapy
    No 56 (29.2%)
    Yes 136 (70.8%)
Surgery 
    Yes 10 (5.2%)
    No 182 (94.8%)
CGA
    Negative 80 (41.7%)
    Positive 112 (58.3%)
Syn
    Negative 32 (16.6%)
    Positive 160 (83.3%)
NCAM1
    Negative 26 (13.5%)
    Positive 166 (86.5%)
NE markers
    Low 108 (56.3%)
    High 84 (43.8%)
Median survival time (Months, range) 7 (2-35)
Abbreviations: CGA = Chromogranin A; Syn = Synaptophysin; 
NCAM1 = Neural Cell Adhesion Molecule 1.
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Table 2. The main clinical characteristics of patients according to CGA, Syn and NCAM1 expression levels
Clinicopatho-
logical data N (%)

CGA
χ2 P

Syn
χ2 P

NCAM1
χ2 P

NE markers
χ2 P

Negative Positive Negative Positive Negative Positive Low High
Age

    ≤60 116 (60.4%) 50 (62.5%) 66 (58.9%) 0.249 0.618 18 (56.3%) 98 (61.3%) 0.279 0.598 17 (65.4%) 99 (59.6%) 0.310 0.577 68 (63.0%) 48 (57.1%) 0.669 0.413 

    >60 76 (39.6%) 30 (37.5%) 46 (41.1%) 14 (43.8%) 62 (38.8%) 9 (34.6%) 67 (40.4%) 40 (37.0%) 36 (42.9%)

    Male 142 (74.0%) 60 (75.0%) 82 (73.2%) 0.077 0.781 27 (84.4%) 115 (71.9%) 2.163 0.141 19 (73.1%) 123 (74.1%) 0.012 0.912 81 (75.0%) 61 (72.6%) 0.139 0.709 

    Female 50 (26.0%) 20 (25.0%) 30 (26.8%) 5 (15.6%) 45 (28.1%) 7 (26.9%) 43 (25.9%) 27 (25.0%) 23 (27.4%)

Tumor size

    ≤5 cm 90 (46.9%) 32 (40.0%0 58 (51.8%) 2.603 0.107 17 (53.1%) 73 (45.6%) 0.602 0.483 14 (53.8%) 76 (45.8%) 0.587 0.444 49 (45.4%) 41 (48.8%) 0.224 0.636 

    >5 cm 102 (53.1%) 48 (60.0%) 54 (48.2%) 15 (46.9%) 87 (54.4%) 12 (46.2%) 90 (54.2%) 59 (54.6%) 43 (51.1%)

Initial stage

    Limited stage 38 (19.8%) 21 (26.3%) 17 (15.2%) 3.603 0.058 8 (25.0%) 30 (18.8%) 0.656 0.418 8 (30.8%) 30 (18.1%) 2.283 0.131 28 (25.9%) 11 (13.1%) 4.666 0.031

    Extensive stage 154 (80.2%) 59 (73.8%) 95 (84.8%) 24 (75.0%) 130 (81.3%) 18 (69.2%) 136 (81.9%) 80 (74.1%) 73 (86.9%)

Regional lymph 
node metastasis

    Absent 33 (17.2%) 19 (23.8%) 14 (12.5%) 4.150 0.042 7 (21.9%) 26 (16.3%) 0.593 0.441 7 (26.9%) 26 (15.7%) 2.003 0.157 23 (21.3%) 10 (11.9%) 2.928 0.087

    Present 159 (82.8%) 61 (76.3%) 98 (87.5%) 25 (78.1%) 134 (83.8%) 19 (73.1%) 140 (84.3%) 85 (78.7%) 74 (88.1%)

Chemotherapy  

    No 39 (20.3%) 22 (27.5%) 21 (18.8%) 2.056 0.152 6 (18.8%) 33 (20.6%) 0.058 0.810 3 (11.5%) 40 (24.1%) 2.040 0.116 27 (25.0%) 16 (19.0%) 0.962 0.326 

    Yes 153 (79.7%) 58 (72.5%) 91 (81.3%) 26 (81.3%) 127 (79.4%) 23 (88.5%) 126 (75.9%) 81 (75.0%) 68 (81.0%)

Surgery 

    No 179 (93.2%) 75 (93.8%) 104 (92.9%) 0.059 0.808 30 (93.8%) 149 (93.1%) 0.017 0.898 22 (84.6%) 157 (94.6%) 3.535 0.081 101 (93.5%) 78 (92.9%) 0.030 0.856 

    Yes 13 (6.8%) 5 (6.3%) 8 (7.1%) 2 (6.3%) 11 (6.9%) 4 (15.4%) 9 (5.4%) 7 (6.5%) 6 (7.1%)
Abbreviations: CGA = Chromogranin A; Syn = Synaptophysin; NCAM1 = Neural Cell Adhesion Molecule 1.
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Statistical analysis

Data were presented as mean ± standard devi-
ation (SD) for continuous variables, and as 
numbers of subjects (percentage) for categori-
cal variables. The relationships between the 
continuous variables and categorical variables 
were assessed by student t-test and chi-square 
test or Fisher’s exact test. The relationships 
between CGA, Syn and NCAM1 expression and 
clinicopathologic characteristics and response 
to treatment were evaluated by Pearson’s chi-
squared test and the Mann-Whitney U-test. 
Multivariate analysis of the prognostic factors 
was conducted with Cox multivariable regres-
sion models integrating clinicopathological fac-
tors to adjust for potential confounders. 
Survival time was counted and patients who 
were survived at the last contact were cen-
sored. The impacts of parameters on survival 
were analyzed by the Kaplan-Meier method, 
and differences were compared by the log-rank 
test between subgroups. In all statistical analy-
ses, significance was considered as p values 

(two sides) ≤0.05. All data were performed 
using SPSS Statistics version 17.0 (SPSS, 
Chicago, IL, USA).

Results

Clinical characteristics and outcome of SCLC 
patients

The clinical characteristics of the 192 enrolled 
patients with SCLC (139 males and 53 females) 
in the present study are summarized in Table 1. 
There were 78 (40.6%) Patients with the age 
older than 60 years and 114 (59.4%) patients 
with the age younger than 60 years. 131 
(68.2%) were extended disease and 31 (16.1%) 
were limited disease. Lymph nodal metastasis 
was present in 140 (72.9%) cases. 136 (70.8%) 
cases received at least six cycles of platinum-
based chemotherapy with etoposide, and 10 
(5.2%) patients underwent surgical resection 
with lobectomy or pneumonectomy. The data of 
radiotherapy was not collected. These clinical 
characteristics are summarized in Table 1.

Figure 1. HE staining of SCLC as control (A), positive immunostaining of SCLC tumors for chromogranin A (B, strong), 
synaptophysin (C, strong), neural cell adhesion molecule (D, strong).
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Correlation between CGA, Syn and NCAM1 ex-
pression and clinical characteristics

In order to assess the clinicopathological and 
prognostic roles of the expression levels of 
three proteins, IHC analysis in paraffin-embed-

All patients were followed up until December, 
2012, during follow-up, 50 (26.1%) patients 
were survived, while 142 (74.0%) died from dis-
ease progression. The median overall survival 
time was 7 months (range: 2-35 months). 
Kaplan-Meier survival analysis showed that the 

Figure 2. Kaplan-Meier curves for overall survival according to CGA expression 
in patients with SCLC. 

Figure 3. Kaplan-Meier curves for overall survival according to Syn expression in 
patients with SCLC. 

ded SCLC sections were 
performed. Clinicopatho- 
logical characteristics of 
SCLC are classified accor- 
ding to CGA, Syn and NCA- 
M1 expression status, res- 
pectively (Table 2). Of the 
192 tumors, 112 (58.3%) 
were positive for CGA, 160 
(83.3%) were positive for 
Syn, 166 (86.5%) were 
positive for NCAM1 (Figure 
1). We also analyzed the 
association between the 
three protein expression 
and clinical characteris-
tics (Table 2).

No significant association 
was observed between 
NCAM1 or Syn expression 
and clinical characteris-
tics including age, gender, 
tumor size, initial stage, 
regional lymph node me- 
tastasis, chemotherapy 
and surgery (P>0.05). Of 
note, there was more pa- 
tients with lymph node 
metastasis in CGA positi- 
ve group compare to those 
in CGA negative group (P= 
0.042). Besides, CGA had 
a trend higher expression 
in SCLCs with extended-
stage compare to those 
with limited-stage patients 
(P=0.058). Furthermore, 
the patients with extend-
ed-stage tended to have 
higher NE differentiation 
than those with limited-
stage (P=0.031).

Correlation between CGA, 
Syn and NCAM1 expres-
sion and patient survival
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overall survival time were significantly shorter 
in the CGA overexpression subgroup compare 
with CGA under expression (Log rank P=0.015) 
(Figure 2). However, no significant difference 
existed between the two groups with higher or 
lower expression level of Syn (Log-rank 
P=0.731, Table 2; Figure 3) and NCAM1 (Log-
rank P=0.405, Table 2; Figure 4). Interestingly, 

growth factor receptor (EGFR) inhibitor on a 
subgroup of pulmonary adenocarcinomas [25, 
26]. 

Tumor markers are potential prognostic deter-
mining factors of SCLC. Patients with SCLC 
present neuroendocrine properties, Syn, CGA 
and NCAM1 are putative serum tumor markers 

Figure 4. Kaplan-Meier curves for overall survival according to NCAM1 ex-
pression in patients with SCLC. 

Figure 5. Kaplan-Meier curves for overall survival according to NE markers 
expression in patients with SCLC.

as described in the materials 
and methods section, when we 
combined the CGA, Syn and 
NCAM1 together, the survival 
time was significantly shorter 
in NE high subgroup than in NE 
low subgroup (Log-rank P= 
0.028) (Figure 5). 

The predictive effect of clinico-
pathologic factors is shown in 
Table 3. A multivariate analysis 
was performed using Cox 
regression model, the results 
showed that disease stage (P< 
0.001), lymph node metasta-
sis (P<0.001), CGA expression 
(P=0.019), NE differentiation 
(P=0.033), chemotherapy (P= 
0.001), and surgery (P=0.001) 
were independent factors asso- 
ciated with overall survival 
(Table 3). 

Discussion

During the last decade, some 
accomplishment has been 
made in the treatment of SCLC. 
The survival time has been sig-
nificantly improved for patients 
with limited or extensive-stage 
disease. All these progression 
is believed to result from im- 
provement of systematic and 
standard treatment therapy 
and accurate selection of pa- 
tients who will be able to ben-
efit from intensive therapy. 
Currently, some new predictive 
markers are needed for sub-
classification of patients with 
homogeneous prognosis for 
the availability of novel treat-
ment strategies. One example 
is the application of epidermal 
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which are routinely used for IHC diagnosis of 
neuroendocrine tumors including SCLC. Syn is 
an integral membrane protein of presynaptic 
vesicles that is ubiquitously present in synaps-
es. It can direct target vesicle-associated mem-
brane protein 2 (synaptobrevin) to intracellular 
compartments. NCAM1 is a membrane sialo-
glycoprotein that can mediate cell-cell adhe-
sion through homophilic binding to NCAM on 
another cell. Chromogranin A is a major compo-
nent of adrenal medullary catecholamine stor-
age vesicles and it is released with epinephrine 
and norepinephrine during exocytosis. It is 
ubiquitously presents in neuroendocrine tumor 
cells and it is a specific marker for diagnosis of 
SCLC.

During the last decade, some studies have 
focused on the diagnostic and predictive value 
of NE markers including Syn, CGA and NCAM1 
in serum levels in SCLC. However, the discrep-
ancy is generated by different determination of 
cutoff values, and inconsistent data is obtained. 
In our present study, we investigated the sur-
vival association between clinicopathological 
parameters and the three NE markers by IHC 
and SCLC. We found out that patients with 
extensive-stage have a shorter survival and dis-
ease stage was a significant prognostic deter-
minant in the multivariate Cox model, while 
smoking status and lymphoma node metasta-
sis were excluded from the Cox model after 
confounders adjusting. Interestingly, CGA was 
associated with disease stage, and there was a 
significant correlation between CGA expression 

level and SCLC survival. In other words, survival 
is significantly worse for patients with overex-
pression CGA and CGA is a significant predic-
tive marker also in multivariable analysis. This 
data, to some extent, is consistent with the 
other results in serum level which showed that 
elevated level of CGA is associated with poor 
survival in patients with SCLC [10, 11]. To our 
knowledge, although some reports explored 
the prognosis of CGA expression level with non-
SCLC [24, 27], this is the first study which indi-
cates that CGA expression level by IHC (other 
than serum level) could be treated as a predic-
tive marker for SCLC. Of note, the positive rate 
of CGA is 58.3%, more prognostic markers 
should be considered together in order to have 
more accurate prediction. No association was 
observed between SCLC survival and NCAM or 
Syn. This may be due to the small size of the 
selected population, since the negative rates of 
NCAM and Syn were 13.5% and 16.6%, 
respectively.

Recently, it was demonstrated by one report 
that SCLC patients who were treated only by 
lobectomy resection with low NE markers have 
good prognosis [23]. However, the population is 
relatively small, larger sample size study are 
needed to verify the results. To strengthen 
validity, the present study analyzed a large 
number of population and focused on charac-
terizing the SCLC subgroup by hypothesizing 
that low expression level of NE markers (CGA, 
Syn and NCAM1) of tumor cells might have bet-
ter prognosis compare to high expression of NE 
markers. 192 patients were enrolled in our 
present study, population were divided into two 
groups including NE low subgroup (including 
NE- and NE+) and NE high subgroup (including 
NE2+ and NE3+) based on the expression lev-
els of the three NE markers. Our study is, to 
some extent, in accordance with the previous 
report, the patients in NE low subgroup have a 
better prognosis compare to those in NE high 
subgroup [23]. Besides, NE subgroup was 
proved to be an independent factor which influ-
ence the outcome of SCLC (P=0.033). Of note, 
the definition of NE differentiation is similar 
between the previous study and our cohort.

There are some explanations need to be clarify. 
Firstly, although the expression pattern of NE 
differentiation would be more precise with a 
larger size of cohort, this study demonstrates 

Table 3. Cox regression analysis of the fac-
tors affecting the survival of the patients
Variables P
Age 0.530 
Gender 0.383 
Tumor size <0.001
Initial stage <0.001
Regional lymph node metastasis <0.001
Chemotherapy 0.001 
Surgery 0.001 
CGA 0.019 
Syn 0.739 
NCAM1 0.420 
NE markers 0.033 
Abbreviations: CGA = Chromogranin A; Syn = Synaptophy-
sin; NCAM1 = Neural Cell Adhesion Molecule 1.
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some important aspects for carcinogenesis, 
subclassification and potential therapeutic 
options. Secondly, identification of potential tis-
sue markers may be favorable for the decision 
of therapeutic regimens. In this regard, CGA 
could be treated as a target in NE differentiated 
tumors, while for those with CGA negative, NE 
marker including CGA, Syn and NCAM1 is a sur-
rogate option. Thirdly, chemosensitivity and 
radiosensitivity is critical for SCLC treatment. 
Unfortunately, radiotherapy was excluded in 
this study, since treatment was performed by 
radioactive seed implantation or radiotherapy 
based on the individual clinical option. Besides, 
adjuvant chemotherapy was not correlated with 
CGA expression and NE differentiation in our 
cohort. This may be partly resulting from the 
small population size and few patients who 
were treated by chemotherapy. Further study 
accumulating more cases is needed to explore 
the relationship between NE markers and che-
motherapy response. Finally, NE differentiation 
of SCLC have been reported in some studies, 
however, till now, there is no unambiguous 
“definition” or “gold standard” of NE differentia-
tion. Investigation of the NE markers by IHC 
methods are frequently used in clinical 
pathology. 

In conclusion, overexpression of CGA by IHC 
methods is a poor prognostic determinant of 
outcome of SCLC patients. Besides, NE-low 
subgroup (including NE- and NE+) had a much 
better survival compare to NE-high subgroup 
(including NE2+ and NE3+). CGA could be treat-
ed as a surrogate when NE markers including 
CGA, Syn and NCAM1 are not available in rou-
tine practice. Our present study merits further 
investigation of NE related markers in future 
SCLC treatment trials.
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