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INTRODUCTION

As one of the most common malignancies, lung cancer ac-
counted for approximately 1.38 million deaths in 2008, and is 
expected to cause more deaths in the future, particularly in de-
veloping countries.1,2 The majority of lung cancers originates 
from epithelial cells, and can be categorized morphologically as 
non-small cell lung cancer (NSCLC) and small cell lung cancer 

(SCLC). Although constituting only 15–20% of all lung cancers, 
SCLC is considered a fatal disease with extremely low survival 
rates, due to early metastases and high sensitivity to cytotoxic 
chemotherapy.3 The past few decades have witnessed tremen-
dous developments in drugs and biomarkers targeting SCLC, 
in large part to extensive research into the molecular mecha-
nisms of SCLC.4,5 Nevertheless, the average outcomes of SCLC 
patients have not significantly improved, and 5-year survival 
rates have not been satisfactorily improved over the last 40 
years.6 Approximately 60–70% of patients are not diagnosed 
until an extensive stage (ES), with a median survival of only 
8–10 months.6 Since the therapeutic options for SCLC are still 
limited, diagnosing the disease as early as possible is critical.

Apolipoproteins are structural components of lipoproteins, 
and play a critical role in lipid transportation. Genetic muta-
tions in apolipoproteins are widely associated with metabolic 
and cardiovascular diseases.7,8 Furthermore, accumulating evi-
dence suggests that apolipoproteins may also be related to the 
development and/or outcomes of certain cancers, for instance 
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ovarian cancer, renal cancer, bladder cancer, etc.9,10 We previ-
ously reported on the up-regulation of ApoE in the serum of 
SCLC patients, suggesting that apolipoproteins can serve as po-
tential biomarkers for SCLC.11 Therefore, in order to analyze the 
possibility of utilizing apolipoproteins in SCLC diagnosis, we 
sought to systematically characterize the expression of different 
apolipoproteins in SCLC tissue samples from patients of vari-
ous clinical histories. Our studies revealed that the expression 
of apolipoproteins may be useful for SCLC diagnosis and moni-
toring treatment.

MATERIALS AND METHODS

Subjects
Patients with lung cancers were enrolled at the Fourth Hospital 
of Hebei Medical University from January 2011 to December 
2013. All lung cancer patients were histopathologically diag-
nosed, and all tissue samples were obtained by surgery. The in-
clusion criteria for SCLC consisted of the following: patients 
without clear diagnosis from endoscopy or lymph node biopsy, 
but histopathologically diagnosed after surgery; patients with a 
medical history of SCLC and who had undergone preoperative 
neoadjuvant chemotherapy before surgery. The exclusion cri-
teria included mixed cancers and patients without clear post-
operative pathological diagnosis. In total, 89 SCLC samples 
were selected for study. For controls, 12 adjacent normal lung 
tissues (collected from SCLC patients at least 10 cm away from 
the tumor) and 19 NSCLC samples (eight cases of squamous 
cell carcinoma and 11 cases of adenocarcinoma) were used. In 
addition, eight normal liver tissues obtained from volunteers 
were used as positive controls for immunohistochemical stain-
ing. All original tissue samples were approximately 0.3×1.5×2.0 
cm3. Samples were formalin-fixed and paraffin-embedded, 
and sectioned to make biopsies of 4 μm thickness. All speci-
mens were processed following the standard hematoxylin and 
eosin stain protocol and independently diagnosed by two phy-
sicians.

The protocol for this research project was approved by the 
Ethics Committee of the Fourth Hospital of Hebei Medical Uni-
versity and conformed to the provisions of the Declaration of 
Helsinki (as revised in Edinburgh 2000). All subjects in this re-
search provided informed consent and underwent surgery at 
their own discretion.

Immunohistochemical staining
The 4-μm thick biopsy specimens were first deparaffinized in 
xylene I and II for 10 minutes each, rehydrated in ethanol I, eth-
anol II, 95% ethanol, and 80% ethanol for 5 minutes each, and 
rinsed with phosphate buffered saline (PBS, pH7.4) twice for 5 
minutes each. Samples were then soaked in 3% hydrogen per-
oxide for 10 minutes, followed by a rinse with tap water. A SP-
link Detection kit (ZSGC-BIO/ORIGENE, Shenzhen, China) 

was used for immunohistochemical staining following the man-
ufacture’s protocol. Briefly, samples were heated in 0.01 M so-
dium citrate (pH6.0) for 10 minutes at 95oC, followed by three 
rinses with PBS for 5 minutes each. Samples were incubated 
with primary antibodies (rabbit anti-ApoE, ApoC-III, and ApoA-
1, diluted 100, 100, and 200 times, respectively; Abcam, Cam-
bridge, United Kingdom) for 2–3 hours at room temperature, 
and then rinsed three times with PBS for 5 minutes each. Sam-
ples were incubated with secondary antibody (biotin-conjugat-
ed goat anti-rabbit IgG at a dilution of 1:400) for 20 minutes at 
room temperature, followed by three rinses with PBS for 5 min-
utes each. Samples were then stained with DAB kit (ZSGC-BIO/
ORIGENE) following the manufacture’s protocol and mounted 
with neutral resin on slides.

Assessment of immunohistochemical staining
Slides were observed and imaged with a DM-LB2 microscope 
(Leica, Wetzlar, Germany) and Olympus BX51 microscope 
(Olympus, Tokyo, Japan). Stains of normal liver tissues were 
used as a reference. Brown colored granules in the cytoplasm 
indicated the expression of apolipoproteins. Cells showing 
these stained granules were considered as expressing the tar-
geted apolipoproteins. For each slide, the total degree of stain-
ing was scored for five randomly selected fields as negative (-), 
if only 10–30% of cells were stained; 1+, if 30–50% of cells were 
stained; 2+, if 50–70% of cells were stained; and 3+, if more than 
70% of cells were stained. Overall reactivity was defined as neg-
ative if less than 30% of cells were stained, regardless of staining 
intensity, and positive if more than 30% of cells were stained.

Statistics
Statistical analyses were performed with SPSS software (version 
13.0, SPSS Inc., Chicago, IL, USA). Chi-square test was used to 
compare the number of positive cells in different tissues, and 
Mann-Whitney test was performed to compare the expression 
levels of apolipoproteins in different samples. For all tests, two-
tailed distribution was used, and a p value less than 0.05 
(p<0.05) was considered to indicate a statistically significant 
difference between groups.

RESULTS

Demographic and baseline data
A total of 89 patients with SCLC were recruited to the present 
study. Their demographic and baseline clinical characteristics 
are shown in Table 1. The median age of the SCLC patients was 
53 years (range: 36–75 y), and the male to female ratio was ap-
proximately 2:1. Tumor samples were obtained from all patients 
and their pathologic stages were determined. According to the 
updated Veteran’s Administration Lung Study Group (VALSG) 
standard that assesses the location and metastases of tumors,12 
87 were at a limited stage and two were at an ES. According to the 
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tumor, node, and metastasis (TNM) standard [International As-
sociation for the Study of Lung Cancer (IASLC), 7th update13], 
12, 19, 52, and 4 cases were in stages I, II, III, and IV, respective-
ly. There were 13 patients with recurrent SCLC, and there were 
20 who received neoadjuvant chemotherapy before surgery.

ApoA-1 and ApoC-III can be used as differentiating 
markers for SCLC
Immunohistochemical staining for the three apolipoproteins 
revealed brown granules in the cytoplasm, indicating the ex-
pression of apolipoproteins in SCLC samples (Fig. 1). Tissue 
samples with 30% of cells in the cytoplasm containing brown 
granules were considered as positively expressing apolipopro-
teins (Fig. 1, Table 2).

To avoid possible gender bias, we first analyzed the expres-
sion of the three apolipoproteins in men and women separately 
(Supplementary Table 1, only online). Positive expression of 
ApoA-1, ApoC-III, and ApoE in SCLC tissues was noted in 
76.7%, 58.3%, and 76.7% of men and 72.4%, 58.6%, and 79.3% of 
women, respectively. No significant difference in apolipopro-
tein expression was observed between men and women; there-
fore, for all other analysis, we excluded gender as a parameter.

The percentage of SCLC tissues that showed positive expres-
sion of ApoA-1, ApoC-III, and ApoE was 73.0%, 58.4%, and 
77.5%, respectively, compared to 57.9%, 68.4%, and 73.7% in 

NSCLC and 50%, 75%, and 75% in normal lung tissues. Among 
the NSCLC samples, 50%, 75%, and 75% of squamous cell car-
cinoma tissues showed positive expression of ApoA-1, ApoC-
III, and ApoE, while 36.6%, 63.6%, and 72.6% of adenocarcino-
mas showed positive expression thereof (Table 2). Statistical 
analysis indicated that expression of ApoA-1 in SCLC was sig-
nificantly higher than that in NSCLC or normal lung tissues, 
while the expression of ApoC-III was significantly lower in 
SCLC than in NSCLC or normal lung tissue (p<0.05).

Expression of ApoA-1 and ApoC-III is correlated with 
SCLC recurrence
One malignant feature of SCLC is a high recurrence rate. To test 
whether apolipoproteins are related with SCLC recurrence, we 
compared the expression of apolipoproteins in 13 cases of re-
currence and 76 cases without recurrence (Table 3). The ex-
pression of ApoA-1 (61.5%) was significantly lower in the recur-
rence group than in the non-recurrence group (75%), while the 
expression of ApoC-III (69.2%) was significantly higher in the 
recurrence group than in the non-recurrence group (56.6%). 
The expression of ApoE was not affected by recurrence.

Expression of ApoA-1 and ApoC-III altered in patients 
who underwent neoadjuvant chemotherapy before 
surgery
As a major supplementary treatment of SCLC, neoadjuvant 
chemotherapy before surgery has been reported to significant-
ly increase the survival rate of SCLC patients.14 Since apolipo-
proteins are predictive in SCLC, we hypothesized that the ex-
pression of apolipoproteins may be used to monitor treatment 
efficacy. Among the 89 SCLC patients, twenty underwent neo-
adjuvant chemotherapy, and the percentages of positive ex-
pression of ApoA-1, ApoC-III, and ApoE therein were 60%, 
80%, and 95%, respectively (Table 4). In contrast, the 69 pa-
tients who did not receive neoadjuvant chemotherapy showed 
significantly higher levels of ApoA-1 (76.8%), as well as lower 
levels of ApoC-III (52.2%), and ApoE (72.5%).

ApoA-1, ApoC-III, and ApoE are not predictive  
of SCLC staging, metastasis, or tumor size
To test whether apolipoproteins can be used to monitor the 
progression of SCLC, we compared the expressions of ApoA-1, 
ApoC-III, and ApoE at different stages of disease (Supplemen-
tary Table 1, only online). No significant differences in ApoA-1, 
ApoC-III, and ApoE expression were observed between stages I, 
II, III, or IV. However, the levels of the three apolipoproteins in-
creased between subgroups IA and IB, and IIA and IIB (Table 
5). The positive expression of ApoA-1, ApoC-III, and ApoE was 
not significantly altered between stages N0, N1, N2, and N3 or 
between stages T1a, T1b, T2a, T2b, T3s, and T4 (Supplementary 
Table 1, only online).

Table 1. Demographic Information and Baseline Clinical Data in SCLC 
Patients 

Parameter Value/cases
Age

Median (yr) 53
Range (yr) 36–75

Male/female (n/n) 60/29
Anatomic stage (n)

I 12
II 19
III 52
IV 4

VALSG stage (n)
Limited 87
Extensive 2

Recurrence (n)
Yes 13
No 76

Neoadjuvant chemotherapy (n)
Yes 20
No 69

SCLC, small cell lung cancer; VALSG, Veteran’s Administration Lung Study 
Group. 
The corresponding TNM classifications for each anatomic stage were as fol-
lows: stage I: T1aN0M0, T1bN0M0, and T2aN0M0, stage II: T1aN1M0, T1b-
N1M0, T2aN1M0, T2bN0M0, T2bN1M0, and T3N0M0, stage III: T1N2M0, 
T2N2M0, T3N1M0, T3N2M0, T4N0M0, T4N1M0, T4N2M0, T1N3M0, 
T2N3M0, T3N3M0, and T4N3M0, stage IV: T any, N any, and M1a or 1b.
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DISCUSSION

Altered expression of apolipoproteins in SCLC
Small cell lung cancers account for approximately 10–15% of all 
lung cancers.3 Despite a low prevalence, the disease is highly 
malignant. Current treatment for SCLC involves combined che-
mo radiation, which gradually loses effectiveness due to the in-
creasing resistance of cancer cells to chemicals, resulting in al-
most invariable recrudescence and metastases.3 When diagnosed 
at a limited stage, 20–25% of the SCLC patients upon treatment 
survive longer than five years.15 Accordingly, the precise diag-
nose of SCLC, particularly at early stages, is crucial for the dis-
ease management. SCLC cells likely originate from bronchial 

epithelial cells or epithelial argyrophil cells, and are associated 
with signaling pathways, such as SOX2, FGFR1, RB, and Myc, 
which have been proposed as potential gene therapy targets.16,17 
Other studies have focused on preventing blood vessel growth 
in SCLC tissue, although such applications are still in the theo-
retical and research phase.18 Therefore, additional diagnose and 
treatment options are required to improve the outcomes of 
SCLC patients.

Currently, SCLC diagnoses are based on pathological mor-
phology and immunohistochemistry. Traditionally, standard 
tumor markers for SCLC include neuron specific enolase, CD56, 
chromogranin A, synaptophysin, and thyroid transcription fac-
tor-1. However, these tumor markers each carry their own limi-

Fig. 1. Immunohistochemical analysis of apolipoproteins. The expression of ApoA-1 (A-D), ApoC-III (E-H), and ApoE (I-L) in different tissue samples, in-
cluding SCLC (A, E, and I), adenocarcinoma (B, F, and J), squamous cell carcinoma (C, G, and K), and normal lung tissues (D, H, and L). Brown dots repre-
sent stained proteins. SCLC, small cell lung cancer.
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tations, and not all of them are suitable for early screening.4 Re-
sults from individual markers are highly susceptible to external 
conditions (e.g., hemolysis, smoking), types of samples tested 
(blood or plasma), and the protocols performed. Meanwhile, in-
creasing lines of evidence suggest that apolipoproteins are asso-
ciated with a wide variety of cancers, and may be potential tar-
gets for cancer treatment. Whether they are involved in SCLC 
development, however, remains unclear. In our study, we used 
immunohistochemistry to investigate the expression apolipo-
proteins in SCLC patients.

As a major structural component of high-density lipoproteins 
(HDL), ApoA-1 is widely associated with chylomicron (CM), 
HDL2, and HDL3, and is responsible for cholesterol excretion 
from tissues to the liver.19 Accumulating studies have shown 
that changes in ApoA-1 are associated with cancer progression 
and treatment outcomes, although controversial results have 
been frequently reported. For instance, down-regulation of se-
rum ApoA-1 was reported in patients with pancreatic cancer, 
colorectal cancer, and ovarian cancer,20,21 while ApoA-1 expres-
sion was up-regulated in patients with lung cancer, bladder 
cancer, and recurrent head and neck squamous cell carcino-
ma.22-24 Recent molecular studies have demonstrated that 

ApoA-1 peptides may suppress the vascular endothelial growth 
factor 1 through the fibroblast growth factor signaling pathway, 
functioning as a tumor suppressor gene.25 Our present study 
showed that ApoA-1 is significantly overexpressed in SCLC tis-
sue samples, compared to NSCLC and normal lung tissues, in-
dicating the potential application of ApoA-1 in SCLC diagnosis.

Unlike ApoA-1, ApoC-III is a small soluble protein residing 
on the surface of apoA and apoB, and can be found in HDL, 
very-low-density lipoprotein (VLDL), and CM. ApoC-III sup-
presses lipoprotein lipase (LPL), and displaces LPL from tri-
glyceride-rich lipoproteins.26 ApoC-III also affects liver produc-
tion of lipoproteins, probably by inducing the expression of 
microsomal triglyceride transfer protein.27 Apart from the well-
characterized function of ApoC-III in triglyceride metabolism 
and insulin resistance, emerging evidence suggests that ApoC-
III is also linked to various cancers. Fan, et al.28 screened serum 
samples from patients with papillary thyroid carcinoma (PTC) 
and identified ApoC-III as a biomarker for PTC and an indica-
tor for PTC staging. Honda, et al.10 showed that plasma ApoC-
III is significantly decreased in patients with pancreatic cancer.  
Molecular studies also suggest that human ApoC-III promoter 
is synergistically activated by hepatocyte nuclear factor 4, 

Table 2. Expression of ApoA-1, ApoC-III, and ApoE in Different Tissues

Tissues
ApoA-1 ApoC-III ApoE

Negative (n/%) Positive (n/%) Negative (n/%) Positive (n/%) Negative (n/%) Positive (n/%)
SCLC (89) 27.0% (24/89) 73.0% (65/89)* 41.6% (37/89) 58.4% (52/89)* 22.5% (20/89) 77.5% (69/89)
NSCLC (19) 42.1% (8/19) 57.9% (11/19) 31.6% (6/19) 68.4% (13/19) 26.3% (5/19) 73.7% (14/19)
Normal (12) 50% (6/12) 50% (6/12) 25% (3/12) 75% (9/12) 25% (3/12) 75% (9/12)
Squamous cell carcinoma (8) 50% (4/8) 50% (4/8) 25% (2/8) 75% (17/19) 25% (2/8) 75% (6/8)
Adenocarcinoma (11) 36.4% (4/11) 63.6% (7/11) 36.4% (4/11) 63.6% (7/11) 27.4% (3/11) 72.6% (8/11)

SCLC, small cell lung cancer; NSCLC, non-small cell lung cancer.
*p<0.05 (compared with NSCLC or normal lung tissue).

Table 3. Expression of ApoA-1 and ApoC-III Are Correlated with SCLC Recurrence

Group
ApoA-1 ApoC-III ApoE

Negative (n/%) Positive (n/%) Negative (n/%) Positive (n/%) Negative (n/%) Positive (n/%)
Recurrence (13) 38.5% (5/13) 61.5% (8/13)* 30.8% (4/13) 69.2% (9/13)* 23.1% (3/13) 77.0% (10/13)
Control (76) 25% (19/76) 75% (57/76) 43.4% (33/76) 56.6% (43/76) 22.4% (17/76) 77.6% (59/76)

- + ++ +++ - + ++ +++ - + ++ +++

Recurrence (13)
38.5%
(5/13)

23.3%
(3/13)

38.5% 
(5/13)

23%
(3/13)

30.8%
(4/13)

38.5% 
(5/13)

23.1%
(3/13)

7.7%
(1/13)

23.1%
(3/13)

15.4%
(2/13)

46.2%
(6/13)

15.4%
(2/13)

Control (76)
25%

(19/76)
19.7%
(15/76)

52.6%
(40/76)

23.4%
(17/76)

43.4% 
(33/76)

35.5%
(27/76)

14.5% 
(11/76)

6.6%
 (5/76)

22.4%
(17/76)

27.6%
(21/76)

34.2%
(26/76)

15.8%
(12/76)

SCLC, small cell lung cancer.
*p<0.05. 

Table 4. The Effect of Neoadjuvant Chemotherapy on the Expression of Apolipoproteins

Group
ApoA-1 ApoC-III ApoE

Negative (n/%) Positive (n/%) Negative (n/%) Positive (n/%) Negative (n/%) Positive (n/%)
Neoadjuvant chemotherapy (20) 40% (8/20) 60% (16/20)* 20% (4/20) 80% (16/20)* 5% (1/20) 95% (19/20)*
Control (69) 23.2% (16/69) 76.8% (53/69) 47.8% (33/69) 52.2% (36/69) 27.5% (19/69) 72.5% (50/69)
*p<0.05. 
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Mdm2, and Smad proteins.29,30 Mdm2 antagonizes the indirect 
inhibition of p53 and SHP on ApoC-III, which is probably the 
underlying mechanism for the involvement of ApoC-III in tu-
morigenesis and cancer progression. In our study, ApoC-III ex-
pression was significantly reduced in SCLC tissues, compared 
to NSCLC and normal lung samples. The results indicated that 
ApoC-III could be used as a differentiating marker for SCLC.

ApoE is associated with CM, VLDL, and HDL, and is widely 
expressed in multiple tissues and cell types, such as liver, kid-
ney, lung, and ovary cells. ApoE mediates the transportation of 
CM, VLDL, and their remnants to the liver, and defects in ApoE 
are closely related with hyperlipidemia and cardiovascular dis-
eases.31 Moreover, accumulating evidence suggests that ApoE is 
involved in multiple signaling pathways that play a role in tu-
morigenesis. Martínez-Clemente, et al.32 showed that ApoE 
could inhibit TNF-alpha. ApoE was found to be overexpressed 
in malignant pleural effusions (MPE)-associated lung adeno-
carcinoma.33 ApoE knockdown in MPE-derived lung adenocar-
cinoma cell lines inhibited cancer cell growth, enhanced the 
sensitivity to cisplatin, and impaired cell migration.33 Trost, et 
al.34 showed decreased serum levels of ApoE and upregulated 
ApoE expression in tumor tissues in NSCLC patients, although 
they were not correlated with cancer stages or prognosis of 
NSCLC. In the present study, we observed equally high expres-
sions of ApoE in normal lung and tumor samples from SCLC 
and NSCLC patients, indicating the lack of discriminating pow-
er of ApoE in SCLC diagnosis.

Apolipoprotein expression is not associated with 
SCLC progression
The first standard staging of SCLC, VALSG, was developed in 
the 1950s, and divides SCLC into limited stage and extensive 
stage disease, mainly based on the range of cancer spread.12,35 
The IASLC/AJCC later proposed a new staging system for SCLC 
based on the TNM information.13 This updated TNM system is 
more applicable for patients undergoing surgical treatment, 
and provides additional prognostic information. The precise 
staging of SCLC is critical for the choice of subsequent treat-
ment plans. Since apolipoproteins exhibit differential expres-
sion in SCLC tissue, compared to other cancer types and nor-
mal tissue, we anticipated that they may be of use in SCLC 
staging as well. Our study results, however, did not show that 
the expressions of ApoA-1, ApoC-III, and ApoE differ signifi-
cantly between limited and ES disease or between different T/
N stages according to the TNM system. We concluded that 
ApoA-1, ApoC-III, and ApoE are not suitable for differentiating 
or predicting SCLC staging. A recent study showed that serum 
levels of ApoA-1 were negatively correlated with cancer pro-
gression and positively correlated with survival.36 In our study, 
decreased expression of ApoA-1 was observed in tumor sam-
ples of SCLC patients with recurrence. These results implicate 
a complicated role for ApoA-1 in regulating cancer develop-
ment. In another study, expression of Apo-CI in lung samples Ta
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from patients with lung cancer, including NSCLC (n=23), SCLC 
(n=6), and undifferentiated cancer (n=1), was examined.37 The 
study showed that Apo-CI expression was upregulated in late 
stages of all lung cancer types. These results indicate that, de-
spite the similar functions apolipoproteins have in lipid trans-
port, they might play different roles in cancer development and 
progression.

Apolipoproteins are predictive of SCLC prognosis and 
can be used for monitoring the efficacy of chemotherapy
Currently the consensus treatment strategies for SCLC include 
combined radio chemotherapy for limited stage disease and 
combined chemotherapy for extensive disease.3 Patients at the 
limited stage have a 5-year survival rate of less than 15%.15 The 
median survival period for ES is 7–11 months, with a 2-year sur-
vival rate of less than 5%.6 As a systemic disease, surgery is not 
recommended.38 However, emerging studies have shown that 
surgery can significantly prolong the survival rates of patients 
with limited stage disease. Surgical treatment is recommended 
for stage I (T1–T2, N0) patients and stage II–IIIa patients who 
have undergone the first two-three cycles of chemotherapy and 
reached stage I.39,40 Recently Ploenes, et al.14 reported that neo-
adjuvant treatment following surgical treatment significantly 
improved the median overall survival (89.4 months compared 
to an average of 20.7 months of all surveyed patients) of patients 
with limited stage disease, which indicated that Karnofsky per-
formance status (PS) and neoadjuvant chemotherapy have 
positive effect on the outcome of SCLC patients. In our study, 
patients were categorized into two groups, depending on 
whether they had undergone neoadjuvant chemotherapy be-
fore surgery. ApoA-1 and ApoC-III were found to be differen-
tially expressed between the two groups, indicating that ApoA-1 
and ApoC-III can be applied to monitor the efficacy of chemo-
therapy.

The 5-year survival rate of limited-stage SCLC patients after 
chemotherapy is approximately 19–23%.15,41 However, local re-
currence as high as 30–70% has frequently been reported. Stud-
ies have shown that SCLC tissues often contain other types of 
cancer cells that are insensitive to chemotherapy. Typically, 
SCLCs contain abundant neuroendocrine granules and dopa-
mine beta-hydroxylase, and generally are associated with bet-
ter prognosis.42 The other SCLC is the small cell carcinoma with 
short doubling time, highly efficient cloning and insensitivity to 
radiation therapy, resulting in poor prognosis.3 Important risk 
factors for SCLC prognosis include staging, PS, lactate dehydro-
genase, etc.43,44 In our study, we showed that ApoA-1 and ApoE 
expression differed between patients with and without recur-
rence, indicating that the two apolipoproteins are predictive for 
SCLC prognosis.
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