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Abstract The expression of survivin, an inhibitor of

apoptosis can be seen in most tumors and is correlated with

the angiogenic factor vascular endothelial growth factor

(VEGF). But little is known about their contribution in

small-cell lung cancer (SCLC). This study was designed to

investigate the expression of survivin and VEGF in SCLC,

and to explore their correlation with clinical-pathological

feature and prognosis. Forty-five patients with pathological

histology of SCLC were entered into this study. Forty-five

cases of matched adjacent non-tumor samples and 10

samples of operated patients with benign lung tumor were

also included as control. The expression of survivin and

VEGF was detected by immunohistochemistry (IHC, SP).

These two sets of data were processed and tested for cor-

relation with major patients’ characteristics, and overall

survival. The correlations between survivin and VEGF

expressions and the clinical-pathological features were

evaluated by chi-square test. The correlation between sur-

vivin and VEGF expressions was analyzed by Spearman’s

rank correlation test; the overall survival was analyzed by

the Kaplan–Meier method; and the relationship between

clinical and pathological features and overall survival was

analyzed by the Cox proportional hazard models. Positive

expression rate of survivin and VEGF was significantly

higher in SCLC than those of adjacent non-tumor tissues

and benign lung tumor tissues (73.3 vs. 15.6 vs. 0 %,

P \ 0.05) and (75.6 vs. 20 vs. 0 %, P \ 0.05), respec-

tively. Survivin and VEGF expressions were significantly

associated with lymph node metastasis (P = 0.003, 0.011)

and clinical stage (P = 0.006, 0.021). The expression of

survivin was significantly coincident with the expression of

VEGF (r = 0.644, P = 0.000). The median overall sur-

vival in survivin positive group and VEGF positive group

was significantly shorter than those in survivin negative

and VEGF negative group, respectively (log-rank

P = 0.000). Moreover, multivariate analysis showed that

survivin expression (HR 0.224; 95 % CI 0.074–0.675;

P = 0.008) and VEGF expression (HR 0.172; 95 % CI

0.054–0.559; P = 0.003) were statistically independent

predictive factors of poorer prognosis for SCLC patients.

Our results indicated that survivin and VEGF were over-

expressed in small-cell lung cancer, each of them may be

an independent poor prognostic factor.
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Abbreviations

SCLC Small-cell lung cancer

VEGF Vascular endothelial growth factor

IHC Immunohistochemistry

IAP Inhibitors of apoptosis

NSCLC Non-small-cell lung cancer

SP technique Streptavidin-peroxidase-biotin technique

OS Overall survival

NPC Nasopharyngeal carcinoma

Background

Small-cell lung cancer (SCLC), which represents 13 % of

all lung cancer cases, is the most malignant and lowest

differentiated tumor. Although a chemotherapy and radia-

tion-sensitive disease, SCLC recurs rapidly with an overall

median survival following the treatment of 10 months and

a 5-year survival of 5 % [1, 2]. The survival of SCLC

patients is dismal and has not been greatly improved in the

last 20 years. Early metastasis was commonly recognized

as an important cause of poor clinical outcome in SCLC.

So far, the prediction of SCLC prognosis is mainly based

on the clinical stage; however, SCLC patients with the

same clinical stage often present different clinical prog-

nosis, which suggests that the clinical stage alone is

insufficient to precisely predict the prognosis of SCLC.

Some molecular markers have been found to be related to

the prognosis of SCLC, including c-kit [3], MET [4],

microsatellite alterations and TP53 mutations in plasma

DNA [5], and so on.

Survivin [6], a recently discovered inhibitor of apoptosis

protein (IAP), plays a crucial role in the regulation of cell

proliferation, apoptosis, and angiogenesis in cancers [7].

Survivin is undetectable in the majority of normal adult

tissues, but is over-expressed in a variety of human neo-

plasm, including colorectal [7], uterine, esophageal, blad-

der, breast [8], liver, ovarian carcinoma, lymphoma, acute

lymphoblastic leukemia [9], and non-small-cell lung cancer

(NSCLC) [10]. During recent years, more and more studies

found that survivin over-expression is related with more

aggressive behavior [11], increased tumor recurrence, and

chemotherapy resistance in various tumors [12], and is

inversely correlated with the prognosis [13, 14].

The vascular endothelial growth factor (VEGF) has been

identified as a crucial regulator of tumor-related angiogen-

esis. VEGF family is comprised of VEGF-A, VEGF-B,

VEGF-C, VEGF-D, VEGF-E, and their three VEGF recep-

tors (VEGFR 1–3) [15]. The VEGF signaling pathway leads

to increased proliferation, migration, and invasion of endo-

thelial cells, thus mediating tumor angiogenesis [15, 16].

Tumors may activate angiogenic inhibitors such as

angiostatin and endostatin, which control growth by sup-

pressing endothelial cell proliferation and angiogenesis and

by indirectly increasing apoptosis in tumor cells [17].

Increased expression of VEGF was found in many kinds of

tumors. Some studies reported that over-expression of VEGF

is associated with a poor prognosis in many types of cancers

such as esophageal, pancreatic, and colorectal cancer [18,

19].

Several authors already reported a relationship between

survivin and VEGF in some kinds of malignant lesions.

Above all, survivin and VEGF are both important regula-

tors in tumor growth. They were reported to be over-

expressed in many types of cancers, but the studies that

investigate the clinical value of these factors in SCLC have

not been reported. Therefore, in the present study, we

performed statistical analyses to determine the expression

of survivin and VEGF, and to investigate the impact of

survivin and VEGF expressions on prognosis in SCLC.

Moreover, the interrelationship between these factors was

initially evaluated.

Methods

Ethics statement

This study was carried out in accordance with the Decla-

ration of Helsinki and was approved by the Institutional

Review Board (IRB) of West China Hospital, Sichuan

University. All patients signed informed consent prior to

sample examination.

Patients and clinical-pathological data

This study enrolled 45 SCLC patients who underwent

radical resection without either radiotherapy or chemo-

therapy before operation at the Department of Chest Sur-

gery, West China Hospital, Sichuan University, from

January 2000 to June 2007. All the specimens were con-

firmed as SCLC following pathological diagnosis. Clinical-

pathological characteristics such as age, gender, tumor size,

smoking history, tumor type, clinical stage, and lymph

node metastasis were involved. There were 37 males

(82.2 %) and 8 females (17.8 %), with a median age of 53

(ranged from 30 to 76) years. Thirty-four patients had

smoking history, and 11 patients never smoked. Tumor

stage was conducted according to TNM staging system,

and 14 patients were at stages I–II (31.1 %); 31 were at

stages III–IV (68.9 %). According to American veterans

hospital team, 39 patients (86.7 %) were limited stage and

6 patients (13.3 %) were extensive stage; III–IV stage

patients were mainly staged as either major blood vessels

or lymph node involvement, and no distant metastasis was
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involved. Extensive stage patients were mainly staged as

contralateral mediastinal lymph node metastases. There

were 40 patients (88.9 %) with tumor size [ 3 cm, and 5

patients (11.1 %) with tumor size B 3 cm; 32 patients

(71.1 %) had lymph node metastasis, and 13 patients

(28.9 %) without. From tumor type, 29 patients (64.4 %)

were assigned to central type, and 16 patients (35.6 %)

were peripheral type. After surgery, 37 patients received

chemotherapy and radiotherapy, while 8 patients only

received chemotherapy, 41 patients received platinum-

based chemotherapy, and 4 patients received non-platinum-

based chemotherapy. The chemotherapies included VP-16

and cisplatin, VP-16 and carboplatin, cyclophosphamide

doxorubicin and cisplatin, cyclophosphamide doxorubicin

and vincristine, and so on. The average number of che-

motherapy cycles was 3.9, and the average radiation dose

was 4,300 cGy. Forty-five cases of adjacent non-tumor

samples and 10 samples of operated patients with benign

lung tumor were also included as control. Follow-up

information was obtained according to patients’ medical

records provided by the contact, and overall survival (OS)

was recorded. The median follow-up was 11 months, forty-

three patients were reported dead, and two patients were

still alive. Overall survival was calculated from the date of

diagnosis to death.

Immunohistochemistry (IHC) assays

All specimens were routinely processed formalin-fixed

(10 %), paraffin-embedded blocks and sectioned. Serial

sections (4 lm) were prepared from the cut surface of tumor

blocks at the maximum cross section of the tumor. IHC

staining for survivin and VEGF antigen was conducted using

the standard streptavidin-peroxidase-biotin technique (SP

technique) with an SP kit (purchased from Beijing Zhong

Shan-Golden Bridge Biological Technology CO, LTD,

China). Immunostaining results were evaluated indepen-

dently by 3 pathologists. Percentage and intensity of positive

cells were used to evaluate each tissue section. The mean

percentage of positive tumor cells was determined in at least

five strongly staining areas at 9 200 magnification for sur-

vivin and VEGF. Positive cell rates of 0–10, 11–25, 26–50,

51–75, and[75 % were scored 0, 1, 2, 3, and 4, respectively.

The staining intensity was graded as follows: no staining

(score 0); pale yellow staining (score 1); buffy staining

(score 2); and strongly brown staining (score 3). The scores

for the above parameters were multiplied synchronically to

calculate a weighted score for each section. Cases with

weighted scores 0–1, 2–3, 4–6, and 7–12 were defined as

‘‘-’’, ‘‘?’’, ‘‘??’’, and ‘‘???’’, respectively. Cases with

weighted scores 0–1 were defined as negative expression,

while the other cases with weighted scores C2 were defined

as positive expression.

Statistical analysis

SPSS 16.0 software was used for statistical analysis. The

results were considered to indicate a statistically significant

difference for P values \0.05. The difference between

survivin and VEGF expressions in SCLC, adjacent non-

tumor, and benign lung tumor samples was assessed using

Kruskal–Wallis test. Associations of survivin and VEGF

expressions and clinical-pathological parameters were

analyzed by the chi-square test. Spearman’s correlation

analysis from ranks was used to analyze the coincident

expression between survivin and VEGF. The impact of

survivin and VEGF expressions on survival was assessed

with the Kaplan–Meier method and determined by the log-

rank test. The influence of various clinical-pathological

variables on the survival was assessed with the Cox

regression model.

Results

Survivin and VEGF expressions

The staining of survivin and VEGF was both localized in

cytoplasm (Fig. 1), of the samples, 33/45(73.3 %) SCLC,

7/45(15.6 %) adjacent non-tumor samples, and 0 benign

lung tumor tissues were observed for positive survivin

expression; 34/45(75.6 %) SCLC, 9/45(20 %) adjacent

non-tumor samples, and 0 benign lung tumor tissues were

observed for positive VEGF expression. The expression of

survivin and VEGF in SCLC was significantly higher than

in either adjacent non-tumor samples or benign lung tumor

tissues (P \ 0.05). There was no statistical difference

between adjacent non-tumor samples and benign lung

tumor tissues (P [ 0.05).

Survivin, VEGF, and clinical characteristics of SCLC

Survivin expression in lymph node positive metastasis group

28/32(87.5 %) was significantly higher than in lymph node

negative metastasis group 5/13(38.5 %) (P = 0.003). In III–

IV stage group, 27/31(87.1 %) showed survivin positive

expression, while in I–II stage group, 6/14(42.9 %) expres-

sed survivin (P = 0.006). Similarly, we found that VEGF

expression in lymph node positive metastasis group

28/32(87.5 %) was significantly higher than in lymph node

negative metastasis group 6/13(46.2 %) (P = 0.011). In III–

IV stage group, 27/31(87.1 %) showed VEGF positive

expression, while in I–II stage group, 7/14(50.0 %) expres-

sed VEGF (P = 0.021). But survivin and VEGF expressions

were not significantly associated with age, gender, tumor

size, smoking history, and tumor type (P [ 0.05) (Table 1).
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Interrelationship between survivin and VEGF

In survivin positive group, 30/33(90.9 %) showed VEGF

positive expression; meanwhile, in survivin negative group,

8/12(66.7 %) cases also detected VEGF negative. Using

Spearman’s rank correlation test, the expression of survivin

was significantly coincident with the expression of VEGF

(r = 0.644, P = 0.000) (Table 2).

Survival analysis

With a total follow-up of 105 months, analysis of the impact

of survivin expression on OS is shown in Fig. 2a. The

median OS in survivin positive group and survivin negative

group was 9 months and 42 months each, a significant dif-

ference can be seen (log-rank P = 0.000). Analysis of the

impact of VEGF expression on OS is shown in Fig. 2b. The

median OS in VEGF positive group was 9 months, which

was also significantly shorter than that in VEGF negative

group 65 months (log-rank P = 0.000).

Multivariate analysis of survival

According to multivariate analysis with Cox regression

model using all clinical-pathological characteristics,

including gender, age, tumor size, tumor type, clinical

stage, lymph node metastasis, survivin expression, and

VEGF expression, it can be seen that survivin expression

(HR 0.224; 95 %CI 0.074–0.675; P = 0.008), VEGF

expression (HR 0.172; 95 % CI 0.054–0.559; P = 0.003),

and lymph node metastasis (HR 0.001; 95 % CI

0.030–0.423; P = 0.001) were significantly associated

with OS. It was identified that survivin expression and

VEGF expression were statistically independent predictive

factors of poorer prognosis for SCLC patients along with

lymph node metastasis (Table 3).

Discussion

SCLC represents a highly malignant and particularly

aggressive form of cancer, with early and widespread

metastasis and poor prognosis. Along with the develop-

ment of antitumor treatment, identifying patients with high

risk of poor prognosis has never been given up.

Our study referred to two molecular markers (survivin

and VEGF) and found that survivin and VEGF were highly

expressed in SCLC, and they were significantly associated

with the clinical stage and lymph node metastasis. Survivin

and VEGF expressions were significantly associated with

Fig. 1 Immunohistochemical expression of survivin and VEGF in

SCLC and adjacent non-tumor sample (SP method; magnification,

9200). a Immunoreactivity was observed in the SCLC cytoplasm.

The brown granules in the cytoplasm indicate survivin expression in

SCLC cells. b Negative expression of survivin expression in adjacent

non-tumor sample. c Immunoreactivity was observed in the SCLC

cytoplasm. The brown granules in the cytoplasm indicate VEGF

expression in SCLC cells. d Negative expression of VEGF expression

in adjacent non-tumor sample
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each other, and each of them implied poor prognosis in

patients with SCLC after surgery. Moreover, in multivari-

ate analysis, over-expression of survivin and VEGF was an

independent prognostic factor for OS of SCLC.

Survivin, an inhibitor of apoptosis, plays a crucial role in

regulating the cell proliferation, apoptosis, and angiogen-

esis [7, 20, 21]. Over-expression of survivin has been

implicated in tumor progression in various human cancers,

such as colorectal cancer [7], breast cancer [8], liver cancer

[6], ovarian carcinoma, and NSCLC [10]. However, the

expression of survivin in SCLC and its correlation with the

clinical-pathological factors have not been studied. In this

study, we examined the expression of survivin in SCLC

and normal lung tissues by IHC. Our results showed that

positive expression of Survivin was frequently observed in

SCLC tissues. In contrast, only a small population of

adjacent non-tumor tissues showed positive expression for

survivin. These findings suggest that over-expression of

survivin may play a crucial role in the SCLC progression.

In previous studies, survivin expression was found to be

elevated and significantly associated with more aggressive

behavior, increased tumor recurrence, chemotherapy

resistance, and decreased survival in many human cancers

such as colorectal, ovarian, liver [22], breast carcinomas

[8], NSCLC [10], and so on. A clinical study involving 210

NSCLC patients showed that survivin could serve as an

independent predictor for OS of NSCLC patients in stage

III [10]. Another clinical study involving 102 cases of

esophageal squamous cell carcinoma demonstrated that

positive expression of survivin was observed in 60.8 % of

the cases, and it was a poor prognostic predictor of the

patients [23]. This was also consistent with our studies. In

our study, further correlation analysis revealed that positive

expression of survivin was significantly correlated with

lymph node metastasis and late clinical stage. Importantly,

positive expression of survivin was a strong and indepen-

dent predictor of short OS of SCLC patients. This result

suggests that survivin expression reflects more aggressive

clinical behavior in SCLC, and detection of survivin pro-

tein expression in the tumor tissue could predict the

prognosis of SCLC patients; survivin could be a potential

biomarker to evaluate prognosis and a promising target to

treat SCLC.

VEGF is a potent growth factor for endothelial cells. In

normal adult tissues, VEGF is undetectable, while in many

types of carcinomas, VEGF is over-expressed. In certain

types of carcinomas, VEGF expression is significantly

associated with poorer survival such as malignant pleural

mesothelioma [24].

Our results showed that positive expression of VEGF

was frequently observed in SCLC tissues. In contrast, only

a small population of adjacent non-tumor tissues showed

positive expression for VEGF. Further correlation analysis

revealed that positive expression of VEGF was correlated

closely with lymph node metastasis and late clinical stage.

Importantly, it can also be seen that patients with positive

VEGF expression had a statistically poorer prognosis in

comparison with patients with negative VEGF expression.

Thus, VEGF expression appears to reflect more aggressive

clinical behavior in SCLC, and VEGF may be significant in

local recurrence and metastasis through angiogenesis in

SCLC; VEGF expression could be a valuable marker for

prognosis prediction in SCLC. This was consistent with

previous reports. One article studied survivin and VEGF in

small adenocarcinoma of the lung concluded that [25]

Table 1 Association of survivin and VEGF with clinical-pathologi-

cal characteristics of SCLC

Clinical

features

No. of

patients

Survivin VEGF

No. of

positive

P value No. of

positive

P value

Gender

Male 37 28 (75.7) 0.746 29 (78.4) 0.621

Female 8 5 (62.5) 5 (62.5)

Age

\60 33 25 (75.8) 0.819 26 (78.8) 0.657

C60 12 8 (66.7) 8 (66.7)

Tumor size

[3 cm 40 31 (77.5) 0.211 32 (80.0) 0.158

B3 cm 5 2 (40.0) 2 (40.0)

Lymph node metastasis

Yes 32 28 (87.5) 0.003 28 (87.5) 0.011

No 13 5 (38.5) 6 (46.2)

Smoking history

Yes 34 26 (76.5) 0.657 27 (79.4) 0.513

No 11 7 (63.6) 7 (63.6)

Tumor type

Central 29 23 (79.3) 0.385 24 (82.8) 0.250

Peripheral 16 10 (62.5) 10 (62.5)

Clinical stage

III–IV 31 27 (87.1) 0.006 27 (87.1) 0.021

I–II 14 6 (42.9) 7 (50.0)

Table 2 Correlation between survivin and VEGF expressions in

SCLC tissues

Survivin VEGF Total rs P

- ? ?? ???

- 8 3 1 0 12 0.644 0.000

? 2 6 3 1 12

?? 1 4 8 2 15

??? 0 1 2 3 6

Total 11 14 14 6 45
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multiple increased expression of oncogene is a poor

prognostic factor.

Previous studies have shown that the expression of

VEGF is correlated with the expression of survivin in many

cancers such as hepatocellular cancer, nasopharyngeal

carcinoma (NPC), NSCLC, and breast cancer [26]. It has

been known that survivin expression was regulated by

many agents such as cytokines, kinase inhibitors, and

growth factors. Some articles revealed that survivin is a

novel growth factor-inducible protective gene expressed by

endothelial cells during angiogenesis [27], and survivin

was inducted by VEGF via a PI3 K/Akt pathway [28]. In

our study, the results demonstrated a significantly positive

correlation between survivin and VEGF expressions in

SCLC. Therefore, the examination of survivin expression

and VEGF expression could be used in identifying the

prognosis of patients with SCLC.

Conclusion

In this study, we referred to survivin and VEGF expres-

sions in SCLC and normal lung tissues, and our results

described that over-expression of survivin and VEGF may

be important in tumorigenesis of SCLC and can be used to

indicate the poorer prognosis, and each of them could be

used as an important molecular marker for shortened sur-

vival time in patients with SCLC.
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