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Abstract. Platinum-based chemotherapy is the first-line
treatment for non-small cell lung cancer (NSCLC), but
the chemotherapy often results in the development of
chemoresistance. The present study aimed to explore the
prognostic implications of survivin and lung resistance protein
(LRP) in advanced NSCLC treated with platinum-based
chemotherapy. Tumor samples were collected from
61 hospitalized patients with stage IIIB-IV NSCLC that
underwent platinum-based chemotherapy. All patient samples
were collected in the Oncology Department of the Third
Affiliated Hospital of Guangxi Medical University between
January 2006 and January 2011. Cytoplasmic survivin and
LRP expression were evaluated using immunohistochemistry.
The expression of LRP and survivin reached 77% (47/61) and
76% (45/61), respectively. Positive expression of survivin was
associated with a lower median progression-free survival
(PFS) time (4 vs. 9 months; P=0.038) and a lower median
overall survival (OS) time compared with the absence of
survivin expression (9 vs. 16 months; P=0.039). Patients with
LRP and survivin expression (n=41) demonstrated a median
PFS time of 4 months. However, patients with either LRP or
survivin expression (n=10) demonstrated a median PFS time
of 8 months, which is similar to the median PFS time of the
10 patients with no expression of LRP and survivin (9 months;
P=0.022). Either the expression of survivin or the combined
expression of LRP and survivin is associated with a poor
prognosis in advanced NSCLC treated with platinum-based
chemotherapy.
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Introduction

Non-small cell lung cancer (NSCLC) accounts for ~85% of
all lung cancers and is the leading cause of cancer-associated
mortality worldwide (1). Platinum-based cytotoxic chemo-
therapy has been the first-line treatment for NSCLC for
decades (2,3). Despite a consistent rate of initial response,
platinum-based treatment often results in the development
of chemoresistance, which leads to therapeutic failure (4).
Although efforts to overcome resistance to targeted agents are
ongoing, and utilize combination regimens of chemotherapy
and targeted agents, the optimization of combination strate-
gies requires additional exploration (5).

Survivin is a unique mammalian inhibitor of apoptosis
proteins (6) and is selectively expressed in the majority of
human cancers, among which the highest levels are found in
lung and breast cancers (7). Survivin is considered a potential
therapeutic target in multiple cancer types (8). The expression
of survivin in patients with NSCLC is associated with a poor
prognosis, as demonstrated in previous meta-analyses (9,10).
However, limited clinical data suggest that chemotherapy resis-
tance in NSCLC is associated with survivin expression. The
lung resistance protein (LRP) is a marker of chemoresistance
invitro and in vivo (11,12). The over-expression of LRP predicts
a poor response to chemotherapy in acute myeloid leukemia,
ovarian carcinoma and multiple myeloma (13-15). LRP is
differentially expressed in NSCLC cell lines and LRP expres-
sion is correlated with resistance to cisplatin (16). However, the
prognostic value of LRP expression for the survival of patients
with NSCLC remains controversial. In a study of 126 patients
with NSCLC performed by Berger et al, the association
between high LRP levels and long-term overall survival (OS)
time was not statistically significant (17). However, in another
study of 92 patients with NSCLC, a significant association
was observed between LRP expression and a decrease in OS
rate (18). Overall, in these two studies, only a small portion of
the patients possessed advanced NSCLC, and not all of the
included patients had received platinum-based chemotherapy.
To explore the prognostic role of LRP and survivin in patients
with advanced NSCLC that were treated with chemotherapy,
the present study included patients with inoperable stage I11B
or IV NSCLC that were treated with only platinum-based
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chemotherapy. The present study examined the association
between LRP and survivin expression, and investigated the
prognostic role of LRP and survivin expression in patients
with advanced NSCLC that were treated with platinum-based
chemotherapy.

Patients and methods

Patients. The present study was approved by the Ethical
Review Committee of The Third Affiliated Hospital of
Guangxi Medical University (Nanning, Guangxi, China). All
patients provided written informed consent to participate in the
present study. This was a retrospective study. The specimens
were obtained from 61 NSCLC patients with stage I1IB to IV
disease, between January 2006 and January 2011. All stages
were determined according to the 2013 National Compre-
hensive Cancer Network lung cancer tumor-node-metastasis
(TNM) staging (19). The specimens were obtained through
fiber bronchoscope biopsy, computed tomography or with
ultrasonic-guided percutaneous transthoracic biopsy. The
histological classification of NSCLC includes squamous cell
carcinoma, adenocarcinoma and adenosquamous carcinoma,
according to the World Health Organization criteria (20). Not
all patients exhibited surgical indications, and certain patients
refused to receive the surgical treatment and radiation therapy.
No patients had multiple primary malignant tumors, and none
had previously received anti-cancer therapy.

All patients received 2-6 cycles of platinum-based combi-
nation chemotherapy. The regimens consisted of cisplatin at a
dose of 75 mg/m? or carboplatin combined with gemcitabine
at a dose of 1,000 mg/m? on days 1 and 8, or 25 mg/m? vinorel-
bine on days 1 and 8, or 175 mg/m? paclitaxel on day 1. The
platinum-based doublet chemotherapy treatment was repeated
every 3 weeks for a maximum of 6 cycles. If the patients
presented three grades of non-hematology toxicity and four
grades of hematology toxicity, the dose of chemotherapy
agents was reduced by 25%. The disease progression was
assessed using chest X-rays and computed tomography scans.
If the patient showed progressive disease or unacceptable
toxicity, the chemotherapy treatment was stopped. All patients
were followed-up by phone or outpatient appointments until
January 2013 or until mortality. The follow-up time ranged
between 2 and 29 months, and the median follow-up time was
7 months.

Immunohistochemistry (IHC). Paraformaldehyde-fixed
and paraffin-embedded tissue sections (4 ym) were stained
according to the Envision method (21) using Envision IHC kits
(Fuzhou New Biotechnology Development Co. Ltd, Fuzhou,
Fujian, China). Briefly, the tissue sections were deparaffinized
in xylene and rehydrated in graded alcohol solutions. Then, the
sections were submerged in citrate buffer (pH 6.0) and auto-
claved for 5 min for antigen retrieval. When the buffer cooled
to room temperature, the sections were removed and washed
twice in running water. Phosphate-buffered saline (PBS) was
then used to wash the sections 3 times, with each wash lasting
3 min. Next, endogenous peroxidase was blocked by incuba-
tion of the sections in 0.3% hydrogen peroxide for 10 min at
room temperature. Subsequent to washing in PBS 3 times for
3 min, the samples were incubated with a rabbit anti-human
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polyclonal survivin antibody (cat. no. RAB0536; Fuzhou
Maixin Biotechnology Development Co., Ltd. Fuzhou, China)
and with a mouse anti-human monoclonal LRP antibody
(cat. no. MABO0319; Fuzhou Maixin Biotechnology Develop-
ment Co., Ltd.) diluted at 1:100 in PBS containing 0.5% bovine
serum albumin overnight at 4°C in a humidified chamber.
The sections were washed with PBS an additional 3 times for
3 min to remove unbound antibodies. Subsequent to removing
the PBS, the sections were incubated with the Maxvision™
mouse/rabbit-horseradish peroxidase broad-spectrum detec-
tion kit (Asia Bioscience Co., Ltd., Taipei, Taiwan) for 15 min
at room temperature. The sections were then washed with PBS
3 times for 3 min. A 1 ml 3,3'-diaminobenzidine (DAB) color
reagent solution was prepared by mixing distilled water with
DAB reagent. A total of 50 u1 DAB color reagent was added
to each section for coloration. The sections were then washed
in running water and counterstained with hematoxylin for
30 sec. The slides were washed in running deionized water
and then dipped in lithium carbonate (Asia Bioscience Co.,
Ltd.). Subsequent to rinsing the slides in deionized water and
counterstaining the slides with commercial hematoxylin,
the slides were dehydrated and mounted. Appropriate tissue
sections (thickness, 4 ym) were used as positive controls for
each primary antibody and were stained simultaneously. PBS
was used as the negative control at the same dilutions as the
corresponding primary antibodies. The Olympus BX51 micro-
scopic/Digital Camera System (Olympus, Tokyo, Japan) was
used to capture images of the sections.

Evaluation of the immunohistochemical staining. Evaluation
of the staining for the expression of survivin and LRP was
conducted with bright-field light microscopy independently by
two experienced pathologists, who did not have knowledge of
the results of the ligand-binding assay or the patient outcome.
Stained tissue sections were examined at a magnification of
x100 under a light microscope (BX60; Olympus). LRP and
survivin staining was noted to be yellow or brown-orange, with
a granulated, pieced or zonal arrangement and without any
background staining. Five fields per slide were selected, the
number of immunopositive cells was counted from each section
and the mean was calculated. Survivin and LRP expression in
the cytoplasm was classified semi-quantitatively by combining
the proportion and intensity of the positively stained tumor cells.
The percentage of positively stained tumor cells was scored as
follows: 0, no stained tumor cells; 1, 10% of tumor cells were
stained; 2, 11-50% of tumor cells were stained; 3, 51-75% of
tumor cells were stained; and 4, >75% of tumor cells were
stained. The staining intensity was scored as follows: 0, no
staining; 1, mild yellow; 2, brown-orange; and 3, brown (22).
The product of the staining intensity score and the percentage
of positive staining were used to define the expression levels.
A final score of 0-3 was considered to indicate no protein
expression, whereas a score of >3 was considered to indicate
protein expression. Furthermore, according to the scores, the
lung cancer patients were classified into three groups, consisting
of the negative expression group (score, 0), the low expression
group (score, 2-4) and the high expression group (score, 5).

Evaluation of the therapeutic efficacy. The objective
therapeutic efficacy was assessed using chest X-rays and
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Figure 1. Representative images of the expression of survivin and LRP in advanced NSCLC tissues (scanning probe microscope; magnification, x100).
(A) Expression of survivin. (B) No expression of survivin. (C) Expression of LRP. (D) No expression of LRP. LRP, lung resistance protein.

computed tomography scans, according to the Response
Evaluation Criteria in Solid Tumors (version 1.1) criteria (23),
which contained the following parameters: CR, complete
response; PR, partial remission; PD, progressive disease;
and SD, stable disease. In CR the tumor disappears entirely
for =4 weeks. In PR the maximum diameter of the tumor
is reduced by =30%, and this reduction is maintained for
=4 weeks. In PD the maximum diameter of the tumor has
increased =20% or novel lesions have developed, and in
SD, tumor shrinkage is not sufficient to qualify for PR and
tumor increase is not sufficient to qualify for PD. CR and PR
were considered effective responses, and SD and PD were
considered ineffective responses. The objective response
probability was calculated according to the effective
responses. Progression-free survival (PFS) was calculated
from the chemotherapy start date to PD, which was assessed
using chest X-rays and computed tomography scans. OS was
calculated from the chemotherapy start date to the date of
mortality or last clinical follow-up.

Statistical analysis. Statistical analyses were performed
using the Statistical Package for the Social Sciences
version 16.0 (SPSS, Inc., Chicago, IL, USA). Pearson's y* test or
Fisher's exact test was used to compare the clinicopathological
parameters, including patient gender, histological type, degree
of differentiation, primary focal range, lymph node metastasis
and staging of the disease, with the presence on absence of
survivin or LRP expression. The cumulative survival rates
were calculated using Kaplan-Meier survival analysis and
were compared using the log-rank test. A value of P<0.05 was
considered to indicate a statistically significant result. All
reported P-values are two-sided.

Results

The present study assessed 61 patients with advanced NSCLC.
Experimental data and follow-up data were obtained for all
patients. The expression of survivin and LRP is exhibited
in Fig. 1. There were 46 male and 15 female patients, with
a median age of 56 years (range, 32-74 years). Out of these
patients, 34 were current or former smokers (55.7%), and
27 were never smokers (44.3%). Squamous cell carcinoma
was the most prevalent histological diagnosis (33 patients;
54.1%), followed by adenocarcinoma (20 patients; 32.8%), and
adenosquamous carcinoma (8 patients; 13.1%). According to
the TNM staging criteria, 22 patients had stage IIIB NSCLC,
and 39 patients had stage IV NSCLC.

The association between the clinical features and the
expression of survivin or LRP is reported in Table I. The distri-
bution of T stages in the survivin-positive group and in the
survivin-negative group was significantly different (P<0.001).
In the survivin-positive group, more patients had stage I'V lung
cancer than stage IIIB lung cancer, but the difference was
not statistically significant (P=0.361). The patients with LRP
expression were more likely to be in stage M1 than in stage
MO (P=0.042), and therefore were more likely to have stage [V
lung cancer than stage I1IB lung cancer (P=0.042). No signifi-
cant differences were observed in the incidence of survivin
or LRP expression with respect to patient age, patient gender,
smoking, N stage, differentiation levels and histological types.

The rate of survivin expression was 73.8% (45 out of
61 patients), and the rate of LRP-positive expression was 77.0%
(47 out of 61 patients). The rates of survivin and LRP expres-
sion in advanced NSCLC tissues are reported in Table II. The
rate of LRP expression in the survivin-positive group was
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Table I. Association between LRP or survivin expression and clinical characteristics in non-small cell lung cancer.

Survivin expression, n (%)

LRP expression, n (%)

- + P-value - + P-value
Age, years 559+12.3 53.9+10.9 0.557 57.8+11.5 534+11.1 0.207
Gender
Male 13 (81.25) 33 (73.30) 0.528 13 (92.86) 33 (70.21)
Female 3 (18.75) 12 (26.67) 1(7.14) 14 (29.79)
Smoking status
Current or former smokers 7 (43.75) 27 (60.00) 0.261 6 (42.86) 28 (59.57) 0.269
Non-smokers 9 (56.25) 18 (40.00) 8 (57.14) 19 (40.43)
Histology
Squamous cell carcinoma 8 (50.00) 25 (55.56) 0.896 10 (71.43) 23 (48.94) 0.330
Adenocarcinoma 6 (37.50) 14 (31.11) 3(7.14) 17 (36.17)
Adenosquamous carcinoma 2 (12.50) 6 (13.33) 1 (100.00) 7 (14.89)
Differentiation
Low level 16 (100.00) 37 (82.22) 0.195 14 (100.00) 39 (82.98) 0.254
Medium level 0 (0.00) 7 (15.56) 0 (0.00) 7 (14.89)
High level 0 (0.00) 1(.22) 0 (0.00) 1(2.13)
TNM stage
111B 7 (43.75) 14 (31.11) 0.361 8 (57.14) 13 (27.66) 0.042
v 9 (56.25) 31 (68.89) 6 (42.86) 34 (72.34)
T stage
T1 2 (12.50) 1(2.22) 0.001 1(7.14) 2 (4.26) 0.149
T2 3 (18.75) 20 (41.44) 2 (14.29) 21 (44.68)
T3 2 (12.50) 18 (40.00) 5(35.71) 15 (31.91)
T4 9 (56.25) 6(13.33) 6 (42.86) 9 (19.15)
N stage
NO 0 (0.00) 3(6.67) 0.638 1(7.14) 2 (4.26) 0.952
N1 3 (18.75) 5(11.11) 2 (14.29) 6 (12.77)
N2 6 (37.50) 19 (42.22) 5(35.71) 20 (42.55)
N3 7 (43.75) 18 (40.00) 6 (42.86) 19 (40.43)
M stage
MO 7 (43.75) 14 (31.11) 0.361 8 (57.14) 13 (27.66) 0.042
MI 9 (56.25) 31 (68.89) 6 (42.86) 34 (72.34)

TNM, tumor-node-metastasis; LRP, lung resistance protein.

significantly higher compared with the rate of LRP expression
in the survivin-negative group (91.11 vs. 37.50%, respectively;
P<0.001). The rate of survivin and LRP expression was 67.2%,
and the rate of the absence of the two proteins was only 6.1%.

Following platinum-based chemotherapy, 0 patients
demonstrated CR, 27 patients demonstrated PR, 13 patients
demonstrated SD, and 21 patients demonstrated PD. The rate
of effective or objective response to chemotherapy reached
55.7%. The objective response probability (OR), PFS and
OS data, according to the expression of survivin or LRP, are
summarized in Fig. 2. As revealed in Fig. 2A and B, the pres-
ence of survivin expression was associated with a decreased
median PFS time compared with the absence of expression
(4.0 vs. 9.0 months, respectively; log-rank test, P=0.038),
and was also associated with a decreased median OS time

compared with the absence of expression (9.0 vs. 16.0 months,
respectively; log-rank test, P=0.039). As revealed in Fig. 2C,
the patients without LRP expression demonstrated a 71.4%
probability of response (10 out of 14 patients), which was
significantly greater than the probability of response for
patients with LRP expression (40.0%; 19 out of 47 patients)
(P=0.041). In addition, the expression of LRP was associated
with a decreased median OS time compared with the absence
of expression (9.0 vs. 16.0 months, respectively; log-rank test,
P=0.043), although no significant difference was observed
between the median PFS times (5.0 vs. 9.0 months, respec-
tively; log-rank test, P=0.106).

The outcome of all patients was subsequently analyzed
according to the expression of LRP and survivin (Fig. 3).
Patients with LRP and survivin expression (n=41) demonstrated
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Table II. Association between LRP and survivin expression in
non-small cell lung cancer.

Survivin (-) Survivin (+) P-value
LRP (-) 10 (62.50) 4 (8.89) <0.001
LRP (+) 6 (37.50) 41 (91.11)

P-value was calculated using the y? test. LRP, lung resistance protein;
NSCLC, non-small cell lung cancer.

a median PFS time of 4 months [95% confidence interval
(CI), 2.7-5.3], whereas patients with the expression of either
LRP or survivin (n=10) demonstrated a median PFS time of
8 months (95% CI, 4.0-12.0), which was similar to the median
PFS time of the 10 patients with no LRP or survivin expression
(9 months; 95% CI, 2.9-15.1; P=0.022) (Fig. 3A). However, the
difference in median OS time between the patients with tumors
that expressed survivin and LRP, and the OS time of patients
with tumors that expressed either survivin or LRP or neither
protein, was not statistically significant (P=0.059; Fig. 3B).

Discussion

The mechanism of clinical drug resistance in NSCLC is
multi-factorial. The expression of survivin or LRP in the tumor
is one of the factors that may limit the efficacy of chemotherapy
in NSCLC. The results of the present study indicate that either
the expression of survivin alone or the expression of survivin
and LRP may be associated with a poor prognosis in patients
with advanced NSCLC that are treated with platinum-based
chemotherapy. With respect to survivin as a potential thera-
peutic target in NSCLC, the present findings may support the
requirement for additional studies that integrate chemotherapy
and targeted therapeutics as a novel strategy.

The prognostic implication of survivin in NSCLC has been
previously studied. A meta-analysis has shown that the expres-
sion of the survivin protein was a poor prognostic factor for the
survival of patients with NSCLC. However, this association
was only found in patients with stage III-IV NSCLC, which
is consistent with the present study, and was not identified in
patients with stage I-II NSCLC (9). Since the expression of
survivin is more likely to be associated with a poor prognosis in
patients with advanced NSCLC, only the patients with inoper-
able tumors with stages IIIB and IV NSCLC were included in
the present study. In addition, the majority of previous studies
lack details on patient treatment (9,10). As various therapies
and, in particular, targeted therapies may affect the survival
of patients with NSCLC, only the patients that received
platinum-based chemotherapy were included in the present
study. This is similar to a previous study in which the patients
received a chemotherapy regimen that consisted of cisplatin
and etoposide (2 cycles) prior to surgery (24). However, the
patients in the previous study had stage IIB and IIIA NSCLC,
which differed from the patients with advanced NSCLC in
the present study. Additionally, the survivin expression in this
study was assessed by in situ hybridization (ISH). Compared
with ISH or polymerase chain reaction (PCR), the IHC applied
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in the present study was more simple and cost-effective in
clinical use (9). Since the role of nuclear survivin in the OS rate
of patients with NSCLC has remained controversial, survivin
expression has been detected and considered in the cytoplasm,
but not in the nucleus (9,10). Overall, the present study enrolled
patients with inoperable stages IIIB and IV NSCLC that were
treated only with platinum-based chemotherapy. The design
of the present study allowed the characterization of the asso-
ciation between survivin expression in the cytoplasm and the
prognosis of patients with advanced NSCLC that were treated
by platinum-based chemotherapy.

The prognostic implication of LRP expression in
NSCLC has been previously studied. LRP is a member of
the membrane transporter protein family and was originally
identified in a multidrug-resistant lung cancer cell line (25).
Classical multi-drug resistance is mediated by drug efflux
mechanisms. Multidrug resistance protein (MRP) and LRP
are involved in drug resistance in NSCLC cell lines (16,26,27).
The positive expression of MRP and LRP has been associated
with decreased survival in patients with NSCLC (18). The
rate of LRP-positive expression in the previous study reached
52% (40/92) (18), but the rate in the present study reached 77%
(47/61). The high rate of LRP-positive expression in the present
study may be due to the larger number of cases of advanced
NSCLC in the present study. It has been previously reported
that the expression of LRP is associated with chemotherapy
resistance in acute myelocytic leukemia, ovarian carcinoma
and multiple myeloma (13-15). In NSCLC cell lines, LRP
is differentially expressed and correlates with resistance to
cisplatin (16). LRP expression has been demonstrated to be
inversely correlated with the response to chemotherapy in
advanced NSCLC, which is consistent with the present find-
ings (28). In the present study, the presence of LRP expression
was associated with a decreased median OS and PFS time
compared with the absence of LRP expression, although
the difference in PFS time was not statistically significant.
However, another previous study failed to detect any asso-
ciation between the expression of LRP and the response to
chemotherapy in patients with advanced NSCLC (29). Overall,
the prognostic role of LRP in NSCLC has not been confirmed.

The combination of two or more biomarkers for the predic-
tion of drug resistance in NSCLC is not a novel design (30-32).
The assessment of survivin expression has been combined
with the assessment of other markers and has provided valu-
able information in the prognosis of NSCLC. For example,
the combination of pS3AIP1 and survivin gene expression has
been demonstrated as a powerful tool to stratify subgroups
with better or worse prognoses from the variable NSCLC
population (33). In another study, the combination of survivin
expression and the levels of HMGBI and VEGF had no
clinical significance in the prognosis of the survival time in
patients with lung cancer (34). In the present study, although
there was no statistical significance in the OS time between
patients expressing survivin and LRP and patients expressing
neither or only one protein, the median OS time in patients
with tumors that expressed survivin or LRP was significantly
lower compared with the median OS time in patients without
LRP expression. To best of our knowledge, the present study
is the first to assess combined survivin and LRP expression to
study the prognostic implications of these proteins in patients
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with advanced NSCLC treated with platinum-based chemo-
therapy.

Although the strength of the present study was character-
ized by the measurement of LRP and survivin levels in patients
with advanced NSCLC that were treated with platinum-based
chemotherapy, three important limitations must be recognized.
First, the size of the studied population was relatively small, and
the 95% Cls were large and overlapping; therefore, the conclu-
sion of the statistical significance between the groups should be

made with caution. Second, the IHC used to detect the expression
of survivin and LRP in the present study was not a quantitative
approach, although it could be easily generalized in clinical use
due to the simplicity and low cost of the ISH. The current find-
ings may be confirmed by measuring the mRNA and protein
levels of survivin and LRP, or generating a patient-derived
xenograft of NSCLC. Finally, the present study detected the
expression of survivin in the cytoplasm, but not in the nucleus,
as the nuclear expression of survivin may be a prognostic factor
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in patients with resected stage I-IITA NSCLC, but not in patients
with inoperable stages IIIB and IV NSCLC (35).

High expression of survivin may inhibit the apoptosis
induced by anticancer drugs. Chemotherapy resistance in
NSCLC may be associated with high expression of survivin
due to the ability of survivin to inhibit the apoptosis induced
by anticancer drugs (36). LRP, as a membrane transporter
protein, may be associated with drug resistance by drug efflux
mechanisms (25). The present results showed that the combi-
nation of survivin and LRP expression is associated with a
poor prognosis in patients with advanced NSCLC that were
treated with platinum-based chemotherapy, which indicates
that LRP may function in the apoptosis pathway characterized
by survivin (37).

In conclusion, the present study found that the expression
of survivin or combined expression of LRP and survivin is
associated with a poor prognosis in patients with advanced
NSCLC that are treated with platinum-based chemotherapy.
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