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Survivin has been proposed as a promising prognostic marker in oral squamous cell carcinoma (OSCC), but the published data on survivin expression in patients with this condition
are controversial. To address this we performed a meta-analysis systematically to assess
the clinicopathological and prognostic significance of survivin expression in OSCC.

Methods
We searched PubMed, Embase, Web of Science and Ovid databases for papers investigating the clinicopathological and prognostic significance of survivin expression in OSCC. The
pooled odds ratios (ORs) and corresponding 95% confidence intervals (CIs) were used to
determine the relevance of survivin.
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Results
A total of 15 papers, including 1040 cases in which survivin expression was detected by
immunohistochemistry (IHC) or reverse transcription polymerase chain reaction (RT-PCR),
were included. A meta-analysis of clinicopathological variables revealed a correlation between survivin expression and lymph node metastasis (OR = 0.62, 95% CI = 0.44–0.88, p <
0.05) and clinical stage (OR = 0.63, 95% CI = 0.41–0.96, p < 0.05). However, no significant
associations were found between survivin expression and tumor differentiation grade (OR =
0.72, 95%CI = 0.26–1.11, p > 0.05), depth of invasion (OR = 0.76, 95% CI = 0.50–1.14, p >
0.05), age (OR = 0.78, 95% CI = 0.48–1.29, p > 0.05) or gender (OR = 1.31, 95% CI =
0.86–2.01, p > 0.05). Subgroup analysis using stratified detection methods showed no significant associations between the expression of survivin protein and clinicopathological variables in OSCC. A correlation between survivin expression and poor prognosis of patients
with OSCC (HR = 1.62, 95% CI = 1.23–2.01, p < 0.05) was demonstrated.
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Conclusion
Survivin is a potential prognostic marker of OSCC. Future studies with larger sample sizes
and well-designed inclusion criteria will be needed to dissect the role of survivin expression
in determining the clinicopathological features and/or prognosis of OSCC.

Introduction
Oral cancer is one of the 10 most common cancers in the world. Its high mortality rate and the
disfigurement that survivors may suffer gives rise to a considerable global public health burden
[1,2]. About 90% of malignant oral neoplasms are oral squamous cell carcinomas (OSCC), followed by adenocarcinoma and, rarely, other types of tumor [3]. Despite advances in treatment
for OSCC, the 5-year survival rate remains poor [4–7] and further studies of risk factors and
optimal means for early diagnosis of OSCC are imperative.
Widely used and conventional prognostic factors, such as the presence of lymph node metastases, clinical stage and tumor size, are not always of use in the early diagnosis of OSCC. Further, the inherent heterogeneity of both tumor biology and patient factors between affected
individuals means that reliable prognostic factors for OSCC are currently lacking. Additional
factors, including molecular markers, are likely to be needed to explain the mechanism of development and occurrence of OSCC.
Biomarkers are important in establishing an accurate diagnosis and also can provide prognostic data. For instance, alpha fetoprotein (AFP) is widely used as one facet in the process of
diagnosing liver cancer. However, to date, no specific tumor marker has been identified for use
in OSCC.
In the 1990’s, survivin, a member of the ‘inhibitor of apoptosis’ (IAP) family, was found to
be over-expressed in tumors and fetal tissues, but not in normal adult tissues [8]. Functionally,
survivin has been demonstrated to inhibit caspase-3 and -7 activity, suggesting a mechanism
by which it may suppress apoptosis [9]. Li et al. have also shown survivin specific expression in
the G2/M phase of the cell cycle suggesting a role in the regulation of cell division, overcoming
the apoptotic checkpoint and causing the default induction of apoptosis [10]. In addition, survivin expression has been demonstrated to be important in the process of angiogenesis [11]. A
report by Pennati and colleagues highlights the impact of the regulation of survivin gene expression on key potential survivin functions, including reduced tumor growth potential and increased apoptotic rate [12]. Together, these studies provide a basis for the consideration of
survivin as a potential marker of tumors.
This has been directly addressed in several cancer types with regard to determining prognosis [13–15], but its prognostic value in OSCC remains controversial. Some studies have shown
that survivin expression might be an indicator of OSCC [16–18], though this has not been universally replicated [19,20]. In many cases, these studies are limited by small sample size with
their inconsistent results being potentially attributable to random error. We have therefore undertaken a meta-analysis to systematically assess the role of survivin as clinicopathological and
prognostic molecular marker of OSCC.

Materials and Methods
Search strategy
We searched PubMed, Web of Science, Ovid and Embase databases on April 3rd 2014 for articles in English that met the following search criteria: (1) survivin OR BIRC5 OR baculoviral inhibitor of apoptosis repeat-containing 5, and (2) oral OR mouth OR lip OR buccal OR tongue
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OR gingiva OR palate OR mouth floor, and (3) tumor OR cancer OR carcinoma OR neoplasm.
Retrieved papers were independently screened by two authors according to the title, abstract
and type of article, and irrelevant papers were dropped out. A manual review of the references
cited in the included articles was also performed to highlight articles that might have been
missed by the original search strategy. All relevant papers were then assessed using inclusion
and exclusion criteria for meta-analysis, as described below.

Inclusion/exclusion criteria
The following criteria were set and reviewed by two independent authors: (1) survivin expression of OSCC was evaluated by immunohistochemistry (IHC) or RT-PCR analysis; (2) the levels of survivin expression were used to estimate the relation between survivin and
clinicopathological variables and/or prognosis of OSCC; (3) articles were published in English
as full paper; (4) odds ratios (ORs) for estimating clinicopathological variables were provided
or were extractable from the original articles; sufficient information was provided in relation to
survivin expression and prognosis of OSCC; (5) when multiple publications from a particular
research group reported data from overlapping samples, the study reporting the largest dataset
was included; (6) reviews, meta-analyses, letters, conference abstracts, case reports and nonEnglish language articles were excluded; (7) articles that provided no sufficient information on
prognosis or ORs were excluded.

Data extraction
All data were independently reviewed and extracted by two authors (Xie and Xu). Differences
between reviewers were resolved by discussion and through consultation, if necessary. The following characteristics were collected from each study: first author, publication year, subjects’
ethnicity, country, sample size, cut-off values, survivin subcellular location, clinicopathological
and prognostic variables, and other relevant data.

Quality assessment
We used the Newcastle-Ottawa Scale (NOS) [21,22] to evaluate the methodological quality of
all included studies. The NOS system categorizes studies using three dimensions (selection of
cohort, comparability of cohort, and ascertainment of outcome) with each dimension being assessed by eight items. A star system is used to assess the quality of all included studies. All of
the included studies were awarded a maximum of four stars in selection, two stars in comparability, and three stars in exposure. The NOS ranges from zero to nine stars, with more stars indicating a better quality. The assessment was performed independently by two authors and any
discrepancy was resolved by discussion.

Statistical analysis
Data management and analysis were performed with STATA 11.0 software (Stata Co., College
Station, TX). The ORs with corresponding 95% CIs were used to define the association between
survivin expression and clinicopathological variables in patients with OSCC. We extracted the
clinicopathological variables and combined them by meta-analyses. The clinicopathological
variables included: the presence or absence of lymph node metastasis; clinical stage I and stage
II versus stage III and stage IV; good differentiation versus moderate-poor differentiation;
depth of invasion T1 and T2 versus T3 and T4; male versus female; and age less than 60 versus
more than 60 years.
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For prognostic parameters, the hazard ratios (HRs) with corresponding 95% CIs were calculated to estimate the effect of survivin expression on survival rates. If the authors reported HR
and 95% CI, data were directly extracted from the original articles. Otherwise, these data were
calculated by the methods described by Parmar et al. [23] and Tierney et al. [24]. Kaplan-Meier
survival curves were read by Engauge Digitizer version 4.1.
In order to calculate the heterogeneity of the studies we included, the Chi-Square test was
used and significance was set at p < 0.05 [25]. The inconsistency index I2 was calculated to assess
the variation caused by heterogeneity. Where p > 0.10 and I2 < 25%, the fixed-effect model was
used, which assumes the same homogeneity of effect size across all studies. Where p < 0.10 and
I2 > 25%, inter-study heterogeneity was deemed statistically significant, and a random effects
model was employed. Funnel plots were used to detect underlying publication bias, with the
plots’ asymmetry being estimated by Begger and Egger’s linear regression [26]. Sensitivity analysis was performed to identify the influence of the individual studies on the combined OR. In this
analysis, we excluded each study individually to assess its influence on the results.

Trial sequential analysis (TSA)
According to the Cochrane Handbook, meta-analyses and systematic reviews are considered to
be the best available evidence if all eligible trials are included. However, ‘the best available evidence’ might not be equal to ‘sufficient evidence’. Based on this issue, we applied the TSA to estimate the robustness of the current conclusions [27,28]. In our article, we planned to calculate
the required power to collect adequate information and evaluate how many subjects would be
necessary to make these robust conclusions. The required power was based on the assumption
of a plausible relative risk of 10% with low risk bias, and we adopted the risks for a type I error
(α) of 5%, a type II error (β) of 20%[27]. According to the required power and risk for type I
and type II errors, TSA monitoring boundaries were built. If a TSA monitoring boundary is
crossed with Z-curve before the required power is reached, further trials are unnecessary. Otherwise, it is necessary to continue performing trials.

Results
Study selection and characteristics of included studies
A total of 614 articles were retrieved by the database search, of which 576 studies were excluded
as being irrelevant to OSCC or survivin, or due to lack of clinicopathological or prognostic
data. A further two potentially eligible papers were obtained by screening the references of reviews. After more detailed evaluations of the 40 potentially eligible articles, three were excluded
as being reviews. A further two studies were excluded due to the presence of overlapping data,
and 11 more failed to provide sufficient data to warrant inclusion. Five studies were meeting
abstracts only, and were therefore also excluded. Three were unavailable in English. A single
further paper was excluded because it provided only recurrence-free data without any discussion of clinicopathological features or survival rates. Fifteen papers were therefore included in
the meta-analysis to estimate the clinicopathological and prognostic significance of survivin as
a potential marker in OSCC [16–20,29–38]. The search process is shown in Fig. 1.
The key information extracted from each eligible paper is summarized in Table 1 (Details
were shown in S1 Table), including the first author, publication year, country of origin, number
of cases, clinicopathological and prognostic variables and other necessary data. Of the 15 studies included in this meta-analysis, eight studies investigated the association between survivin
expression and clinicopathological parameters, two papers studied its prognostic significance
in patients with OSCC, and five papers investigated both of these aspects. The number of cases
included ranged from 13 to 251, and a total of 1040 cases were included in the meta-analysis.
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Fig 1. Flow diagram of the literature search process.
doi:10.1371/journal.pone.0116517.g001

Data were unfortunately incomplete regarding the subcellular location of survivin expression:
of the 15 studies, three gave no information on subcellular location, while four described a cytoplasmic location, and the remainder described both cytoplasmic and nuclear survivin.

The results of quality assessment
Using the Newcastle-Ottawa Scale system, quality assessment for the included studies yielded
either seven stars or eight stars (shown in Table 1), indicating that all were of moderate to
high quality.
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Table 1. Clinicopathological and methodological features of eligible studies.
First
Author

Year

Country

Cases

AT#

NOS*

C.
Features**

Prognosis

Method

Cut-off value

HR Estimate
(95% CI)

Location

L Lo
Muzio

2003

Italy

110

NA

8

N,S,D,A,G

HR

IHC

<5%

HR = 2.28
(1.49–4.04)

cytoplasm and/
or nucleus

C
Tanaka

2003

Japan

71

NA

8

N,S,T,D,G,A

NA

IHC

IHC score<100

NA

cytoplasm

M-J Kim

2005

South
Korea

113

NA

7

NA

sur. curve

RT-PCR

median value

HR = 2.78
(1.53–5.08)

—

C-Y Lin

2005

Taiwan

96

NA

7

N,S,T,D,G

sur. curve

IHC

<25%

HR = 1.94
(1.11–3.37)

Cytoplasm

G
Marioni

2005

Italy

18

NA

7

N,T,D,G,A

NA

IHC

<9.5%

NA

nucleus and/or
cytoplasm

C Jane

2006

India

38

NA

7

D

NA

IHC

<5%

NA

cytoplasm

K Freier

2007

Germany

251

AR/
AC

7

T,N

sur. curve

IHC

<20% cytoplasm
and <10%
nucleus

HR = 1.39
(0.94–2.07)

nucleus and/or
cytoplasm

S De
Maria

2009

Italy

22

NA

8

N,S,D,A,G

NA

IHC

<30%

NA

nucleus and/or
cytoplasm

Z Khan

2009

India

29

NA

7

N,S,T,D

NA

IHC

<10%

NA

nucleus and/or
cytoplasm

Y-H Kim

2010

South
Korea

38

NA

7

N,D,S,G,A

sur. curve

IHC

<20%

HR = 1.87
(0.56–6.25)

nucleus and/or
cytoplasm

G Lodi

2010

Italy

17

NA

7

G,A

NA

Real-time
RT-PCR

median value

NA

—

L-P Su

2010

China

68

No

7

N,S,T,D,G,A

HR

RT-PCR

median value

HR = 2.71
(1.46–5.10)

—

S-X Li

2012

China

13

NA

8

G,A

NA

ISH

>0%

NA

nucleus and/or
cytoplasm

M-B
Zhang

2013

China

110

NA

8

NA

sur. curve

IHC

mean value

HR = 1.12
(0.54–2.30)

cytoplasm

M
Dogan

2014

Turkey

46

NA

8

N,D,G

NA

IHC

>0%

NA

nucleus and/or
cytoplasm

#

AT: Adjuvant therapy

*NOS: Newcastle-Ottawa Scale
**C. Features: clinicopathological features; AR: adjuvant radiotherapy; AC: adjuvant chemotherapy; NA: not available; sur. curve: survival curve; IHC:
immunohistochemistry; HR: hazard ratio; N: lymph node; S: clinical stage; T: depth of invasion; D: differentiation; G: gender; A: age
doi:10.1371/journal.pone.0116517.t001

Survivin expression and clinicopathological parameters in patients with
OSCC
We studied the relationship between high survivin expression and clinicopathological features
in patients with OSCC. To identify an appropriate statistic model for combining the data, we
performed heterogeneity analyses for all clinicopathological variables, including models for
lymphatic metastasis, clinical stage, depth of invasion, cell differentiation, gender, and age. The
results are shown in Table 2. The I2 ranges from 0.0% to 19.3%, and p value ranges from 0.266
to 0.832, indicating a lack of significant inter-study heterogeneity. The fixed-effect model was
therefore used to combine the pooled ORs and CIs, suggesting a significant relationship between survivin expression and lymphatic metastasis (OR = 0.62, 95% CI = 0.44–0.88, p < 0.05)
and clinical stage (OR = 0.63, 95% CI = 0.41–0.96, p < 0.05). However, no significant associations were found between survivin expression and cell differentiation, depth of invasion, gender or age (Table 2).
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Table 2. Meta-analyses estimating the relevance of survivin with regard to clinicopathological variables.
Clinicopathological variables

No. of studies

Cases

Pooled data

Test for heterogeneity

OR (95% CI)

p

Chi2

p

I2

Gender (male / female)
10

499 (311/188)

1.31 (0.86–2.01)

0.21

9.51

0.392

5.30%

Protein expression (IHC)

7

401 (270/131)

1.19 (0.73–1.94)

0.493

7.56

0.272

20.6%

mRNA expression (PCR/ISH)

3

98 (41/57)

1.83 (0.75–4.46)

0.181

1.63

0.443

0.0%

8

357 (134/223)

0.78 (0.48–1.29)

0.337

4.47

0.724

0.00%

Protein expression (IHC)

5

234 (79/155)

0.77 (0.41–1.43)

0.400

4.47

0.346

10.5%

mRNA expression (PCR/ISH)

3

123 (55/68)

0.82 (0.36–1.86)

0.631

0.02

0.988

0.0%

7

434 (206/228)

0.63 (0.41–0.96)

0.033

6.83

0.337

12.10%

Protein expression (IHC)

6

366 170/196)

0.77 (0.47–1.24)

0.281

3.54

0.617

0.0%

mRNA expression (PCR/ISH)

1

68 (36/32)

0.26 (0.10–0.72)

0.010

0.00

—

—

6

533 (296/237)

0.76 (0.50–1.14)

0.19

2.12

0.832

0.00%

Protein expression (IHC)

5

465 (257/208)

0.74 (0.47–1.17)

0.200

2.08

0.720

0.0%

mRNA expression (PCR/ISH)

1

68 (39/29)

0.83 (0.32–2.17)

0.701

0.00

—

—

10

536 (271/265)

0.72 (0.46–1.11)

0.14

5.89

0.751

0.00%

Protein expression (IHC)

9

468 (250/218)

0.83 (0.51–1.35)

0.449

3.91

0.865

0.0%

mRNA expression (PCR/ISH)

1

68 (21/47)

0.35 (0.12–1.06)

0.064

0.00

—

—

10

749 (354/395)

0.62 (0.44–0.88)

0.008

11.15

0.266

19.30%

Protein expression (IHC)

9

681 (316/365)

0.70 (0.48–1.02)

0.062

7.81

0.453

0.0%

mRNA expression (PCR/ISH)

1

68 (38/30)

0.27 (0.10–0.73)

0.010

0.00

—

—

All studies
Subgroup

Age (< 60 yr/ >60 yr)
All studies
Subgroup

UICC stage (I+II / III+IV)
All studies
Subgroup

Depth of invasion (T1+T2 / T3+T4)
All studies
Subgroup

Differentiation (well / moderate + poor)
All studies
Subgroup

Lymph node (without / with metastasis)
All studies
Subgroup

doi:10.1371/journal.pone.0116517.t002

Since the studies included in the meta-analysis assessed survivin expression at both the transcriptional and the protein level, we undertook a subgroup analysis to assess the correlation between survivin expression and the clinicopathological features of OSCC using both detection
methods. Lymph node metastasis and the clinical stage of OSCC were correlated with survivin
expression at the genetic level, though no significant relationship between clinicopathological
features and survivin overexpression at the protein level was identified (Table 2).
Funnel plots were used to evaluate possible publication bias, and are shown in Fig. 2. These
were symmetrical for all clinicopathological variables models indicating no obvious publication
biases. In order to estimate the stability of the results, the ‘leave-one-out’ sensitivity analysis
was performed for each study. Fig. 3 demonstrates that the OR estimates changed only the between the lower and upper CI limits for the pooled data, suggesting that none of the included
articles had a disproportionate effect on the overall results.
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Fig 2. Funnel plots assessing possible publication bias for clinicopathological features (A: lymph node involvement; B: clinical stage; C: cell
differentiation; D: depth of invasion; E: gender; F: age).
doi:10.1371/journal.pone.0116517.g002

Impact of survivin expression on survival rates of patients in OSCC
The meta-analysis included seven assessments of the potential correlation between survivin expression and survival rates, including 786 patients. There was no significant heterogeneity
among these articles (I2 = 4.2%, p(Q-test) = 0.394), and a fixed-effect model was used to combine
the HR and 95% CI. The overall HR was 1.62 (95% CI = 1.23–2.01, p < 0.05), indicating that
survivin overexpression is correlated with prognosis in OSCC. To further explore the
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Fig 3. Sensitivity analysis for clinicopathological features (A: lymph node involvement; B: clinical stage; C: cell differentiation; D: depth of
invasion; E: gender; F: age).
doi:10.1371/journal.pone.0116517.g003

associations between survivin gene or protein expression and prognosis, we carried out a subgroup analysis stratified by these two detection methods. The results suggested that the pooled
HR of survivin mRNA and protein expression were 2.75 (95% CI = 1.48–4.02; I2 = 0.0%;
p(Q-test) = 0.957; p <0.05) and 1.51 (95% CI = 1.10–1.92; I2 = 0.0%; p(Q-test) = 0.567; p <0.05),
respectively, indicating that both survivin gene expression and protein expression were significantly correlated with prognosis in patients with OSCC (Fig. 4, S2 Table).
Potential publication bias and sensitivity were assessed using Begg’s funnel plot and sensitivity analysis (Fig. 5). Begg’s Test (p = 1.000) and Egger’s Test (p = 0.663) demonstrate no
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Fig 4. Forest plot estimating prognosis of patients with OSCC.
doi:10.1371/journal.pone.0116517.g004

obvious publication bias in this meta-analysis of prognosis in OSCC. The sensitivity analysis
produced variation only between the CI limits, indicating that the results from our meta-analysis are stable and credible.

Trial sequential analysis (TSA)
Fifteen trials (1040 subjects) were used to investigate the relevance of survivin expression with
clinicopathological variables and OSCC prognosis. Using the relevance of survivin protein expression with lymph node metastasis of OSCC (including 9 trials with 678 patients) as an example, we performed the TSA and found that the required power to demonstrate clear
conclusions was 2282 subjects (Fig. 6). As Fig. 6 shows, the cumulative z-curve does not cross
the trial monitoring boundary before reaching the required information size, which indicates
that the cumulative evidence is insufficient and further trials are necessary. The results of other
groups were not shown as the study methods were similar.
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Fig 5. Funnel plot and sensitivity analysis for prognosis of patients with OSCC (A: Funnel plot; B: sensitivity analysis).
doi:10.1371/journal.pone.0116517.g005

Discussion
In 1997, Ambrosini and his colleagues discovered survivin by hybridization screening of the
human P1 genomic library with the effector cell protease receptor-1 cDNA [8]. The gene encoding survivin, located on chromosome 17q25, encodes a structurally unique member of the
inhibitor of apoptosis protein (IAP) family that contains a single conserved BIRC5 domain
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Fig 6. The information size to demonstrate the relevance of survivin protein expression with lymph node metastasis. The dashed curve represents
the cumulative Z-curve. The solid line represents the trial sequential monitoring boundary.
doi:10.1371/journal.pone.0116517.g006

(baculoviral inhibitor of apoptosis repeat-containing 5) but no RING finger [8,39]. Abundant
expression of survivin has been found in a variety of malignancies, including lung, liver, breast
and gastric cancer [40–43], but is not detected in normal adult tissues. This suggests that survivin expression may play a role in tumorigenesis, and has led to its being proposed as a promising molecular marker in the diagnosis and prognostication of malignancy.
Several studies have aimed to assess the potential association between survivin expression
and the presentation and prognosis of cancers. Where results were unclear or controversial,
meta-analyses have been performed looking at survivin’s role in lung cancer [44], colorectal
cancer [45], bladder cancer [46], esophageal cancer [47], and gastric cancer [48], among others.
Here we report a similar meta-analysis of the role of survivin as a prognostic indicator in
OSCC.
In this meta-analysis, we included 15 eligible articles comparing the different clinicopathological features or survival rates of patients with OSCC according to survivin expression. Our
results suggested that expression of survivin at both the transcript and protein level was correlated with prognosis in patients with OSCC, indicating that survivin may be a promising molecular marker in this disease.
We further demonstrated that survivin mRNA expression is correlated with the presence of
lymph node metastasis and with clinical stage, but does not appear to be related to other clinicopathological features. We failed to find any correlation between these clinicopathological features and survivin protein expression These apparently conflicting data for survivin transcript
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and protein expression might be explained, at least in part, by the existence of splice variants
[29,49,50], since differently spliced forms of the human survivin transcript have been suggested
to perform different functions in distinct subcellular compartments [51,52].
All the results of heterogeneity analyses, as well as sensitivity analysis and assessment of
publication bias support the results from this meta-analysis as robust and credible. Nevertheless, it is important to take into account some limitations of our study.
First, articles were limited to those published in English, which will necessarily exclude potentially relevant studies in other languages. The tendency to publish positive findings over
negative results may also introduce some bias. Second, the methods of generating HR estimates
and 95% CI varied between studies: there were only two studies which offered these parameters
directly, and the extraction of data from the survival curves in other five studies may give rise
to inconsistencies. Third, the roles of survivin may vary with its subcellular location [53]. In
this meta-analysis, several studies did not differentiate between nuclear and cytoplasmic survivin expression which may impact on the utility of the data they provide. Fourth, all the included articles were retrospective studies; ideally, prospective studies would be required to generate
more robust conclusions.
Despite these limitations, by combining the data from different studies our meta-analysis
permits the conclusion that there are significant associations between survivin overexpression
and survival rates in patients with OSCC, indicating that survivin may be a potential biomarker
for OSCC. Future studies with larger sample sizes and well-designed inclusion criteria will be
needed to dissect the role of survivin expression in determining the clinicopathological features
and/or prognosis of OSCC.

Supporting Information
S1 PRISMA Checklist. PRISMA checklist.
(DOC)
S1 Table. Original data for clinicopathological and prognostic characteristics of included
studies.
(XLSX)
S2 Table. Statistical results for the association between survivin expression and prognosis
of OSCC.
(XLSX)

Acknowledgments
We would like to thank the native English speaking scientists of Elixigen Company for editing
our manuscript.

Author Contributions
Conceived and designed the experiments: ZC. Performed the experiments: SX HX. Analyzed
the data: SX HX XS KW BL. Contributed reagents/materials/analysis tools: SX HX XS KW BL.
Wrote the paper: SX ZC. Designed and revised the article: ZC. Collected articles, summarized
data, did statistical work and drafted the manuscript: SX. Collected articles, summarized data
and did statistical work: HX XS. Provided collected data and summarized information in part:
BL KW.

PLOS ONE | DOI:10.1371/journal.pone.0116517 February 24, 2015

13 / 16

Survivin Expression in Oral Squamous Cell Carcinoma

References
1.

Kademani D (2007) Oral cancer. Mayo Clin Proc 82: 878–887. PMID: 17605971

2.

Petersen PE (2009) Oral cancer prevention and control—the approach of the World Health Organization. Oral Oncol 45: 454–460. doi: 10.1016/j.oraloncology.2008.05.023 PMID: 18804412

3.

Barnes L, Eveson JW., Reichart P., Sidransky D. (2005) Pathology and genetics of head and neck tumours: Classification of tumours. Lyon, France: IARC Press.

4.

Chen GS, Chen CH (1996) A study on survival rates of oral squamous cell carcinoma. Kaohsiung J
Med Sci 12: 317–325. PMID: 8699569

5.

Lim YC, Choi EC (2008) Surgery alone for squamous cell carcinoma of the oral cavity: survival rates, recurrence patterns, and salvage treatment. Acta Oto-Laryngol 128: 1132–1137. doi: 10.1080/
00016480801901691 PMID: 18607922

6.

Lo Muzio L, Campisi G, Farina A, Rubini C, Pannone G, et al. (2005) P-cadherin expression and survival rate in oral squamous cell carcinoma: an immunohistochemical study. BMC cancer 5: 63. PMID:
15967043

7.

Siegel R, Ma J, Zou Z, Jemal A (2014) Cancer statistics, 2014. CA Cancer J Clin 64: 9–29. doi: 10.
3322/caac.21208 PMID: 24399786

8.

Ambrosini G, Adida C, Altieri DC (1997) A novel anti-apoptosis gene, survivin, expressed in cancer and
lymphoma. Nat Med 3: 917–921. PMID: 9256286

9.

Tamm I, Wang Y, Sausville E, Scudiero DA, Vigna N, et al. (1998) IAP-family protein survivin inhibits
caspase activity and apoptosis induced by Fas (CD95), Bax, caspases, and anticancer drugs. Cancer
Res 58: 5315–5320. PMID: 9850056

10.

Li F, Ambrosini G, Chu EY, Plescia J, Tognin S, et al. (1998) Control of apoptosis and mitotic spindle
checkpoint by survivin. Nature 396: 580–584. PMID: 9859993

11.

O'Connor DS, Schechner JS, Adida C, Mesri M, Rothermel AL, et al. (2000) Control of apoptosis during
angiogenesis by survivin expression in endothelial cells. Am J Pathol 156: 393–398. PMID: 10666367

12.

Pennati M, Folini M, Zaffaroni N (2008) Targeting survivin in cancer therapy. Expert Opin Ther Targets
12: 463–476. doi: 10.1517/14728222.12.4.463 PMID: 18348682

13.

Tanaka K, Iwamoto S, Gon G, Nohara T, Iwamoto M, et al. (2000) Expression of survivin and its relationship to loss of apoptosis in breast carcinomas. Clin Cancer Res 6: 127–134. PMID: 10656440

14.

Mowla SJ, Emadi Bayegi M, Ziaee SA, Nikpoor P (2005) Evaluating expression and potential diagnostic and prognostic values of survivin in bladder tumors: a preliminary report. Urol J 2: 141–147. PMID:
17602417

15.

Yang Y, Zhu J, Gou H, Cao D, Jiang M, et al. (2011) Clinical significance of Cox-2, Survivin and Bcl-2
expression in hepatocellular carcinoma (HCC). Med Oncol 28: 796–803. doi: 10.1007/s12032-0109519-y PMID: 20401641

16.

Su L, Wang Y, Xiao M, Lin Y, Yu L (2010) Up-regulation of survivin in oral squamous cell carcinoma correlates with poor prognosis and chemoresistance. Oral Surg Oral Med O 110: 484–491. doi: 10.1016/j.
tripleo.2010.04.009 PMID: 20868995

17.

Lo Muzio L, Pannone G, Staibano S, Mignogna MD, Rubini C, et al. (2003) Survivin expression in oral
squamous cell carcinoma. Brit J Cancer 89: 2244–2248. PMID: 14676801

18.

Kim MJ, Lim KY, Kim JW, Nam IW, Lee JH, et al. (2005) Stage and mRNA expression of survivin in
lymph node as prognostic indicators in patients with oral squamous cell carcinoma. Cancer Lett 224:
253–261. PMID: 15914276

19.

Zhang M, Li J, Wang L, Tian Z, Zhang P, et al. (2013) Prognostic significance of p21, p27 and survivin
protein expression in patients with oral squamous cell carcinoma. Oncology Lett 6: 381–386.

20.

Tanaka C, Uzawa K, Shibahara T, Yokoe H, Noma H, et al. (2003) Expression of an inhibitor of apoptosis, survivin, in oral carcinogenesis. J Dent Res 82: 607–611. PMID: 12885844

21.

Stang A (2010) Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of
nonrandomized studies in meta-analyses. Eur J Epidemiol 25: 603–605. doi: 10.1007/s10654-0109491-z PMID: 20652370

22.

GA Wells BS, D O'Connell, J Peterson, V Welch, M Losos, P Tugwell (2009) The Newcastle-Ottawa
Scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses.

23.

Parmar MK, Torri V, Stewart L (1998) Extracting summary statistics to perform meta-analyses of the
published literature for survival endpoints. Stat Med 17: 2815–2834. PMID: 9921604

24.

Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR (2007) Practical methods for incorporating
summary time-to-event data into meta-analysis. Trials 8: 16. PMID: 17555582

25.

Cochran W (1954) The combination of estimates from different experiments. Biometrics 10: 101–129.

PLOS ONE | DOI:10.1371/journal.pone.0116517 February 24, 2015

14 / 16

Survivin Expression in Oral Squamous Cell Carcinoma

26.

Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis detected by a simple,
graphical test. BMJ 315: 629–634. PMID: 9310563

27.

Wetterslev J, Thorlund K, Brok J, Gluud C (2008) Trial sequential analysis may establish when firm evidence is reached in cumulative meta-analysis. J Clin Epidemiol 61: 64–75. PMID: 18083463

28.

Brok J, Thorlund K, Wetterslev J, Gluud C (2009) Apparently conclusive meta-analyses may be inconclusive—Trial sequential analysis adjustment of random error risk due to repetitive testing of accumulating data in apparently conclusive neonatal meta-analyses. Int J Epidemiol 38: 287–298. doi: 10.
1093/ije/dyn188 PMID: 18824466

29.

De Maria S, Pannone G, Bufo P, Santoro A, Serpico R, et al. (2009) Survivin gene-expression and
splicing isoforms in oral squamous cell carcinoma. J Cancer Res Clin 135: 107–116. doi: 10.1007/
s00432-008-0433-z PMID: 18642030

30.

Dogan M, Cagli S, Yuce I, Bayram A, Somdas MA, et al. (2014) Survivin expression correlates with
nodal metastasis in T1-T2 squamous cell carcinoma of the tongue. Eur Arch Otorhinolaryngol: doi: 10.
1007/s00405-00014-03009-00403

31.

Freier K, Pungs S, Sticht C, Flechtenmacher C, Lichter P, et al. (2007) High survivin expression is associated with favorable outcome in advanced primary oral squamous cell carcinoma after radiation therapy. Int J Cancer 120: 942–946. PMID: 17187360

32.

Jane C, Nerurkar AV, Shirsat NV, Deshpande RB, Amrapurkar AD, et al. (2006) Increased survivin expression in high-grade oral squamous cell carcinoma: a study in Indian tobacco chewers. J Oral Pathol
Med 35: 595–601. PMID: 17032391

33.

Khan Z, Tiwari RP, Mulherkar R, Sah NK, Prasad GB, et al. (2009) Detection of survivin and p53 in
human oral cancer: correlation with clinicopathologic findings. Head Neck 31: 1039–1048. doi: 10.
1002/hed.21071 PMID: 19340865

34.

Kim Y-H, Kim S-M, Kim Y-K, Hong S-P, Kim M-J, et al. (2010) Evaluation of survivin as a prognostic
marker in oral squamous cell carcinoma. J Oral Pathol Med 39: 368–375. doi: 10.1111/j.1600-0714.
2009.00844.x PMID: 20050981

35.

Li SX, Chai L, Cai ZG, Jin LJ, Chen Y, et al. (2012) Expression of Survivin and Caspase 3 in Oral Squamous Cell Carcinoma and Peritumoral Tissue. Asian Pac J Cancer P 13: 5027–5031. PMID: 23244104

36.

Lin CY, Hung HC, Kuo RC, Chiang CP, Kuo MY (2005) Survivin expression predicts poorer prognosis
in patients with areca quid chewing-related oral squamous cell carcinoma in Taiwan. Oral Oncol 41:
645–654. PMID: 15927524

37.

Lodi G, Franchini R, Bez C, Sardella A, Moneghini L, et al. (2010) Detection of survivin mRNA in healthy
oral mucosa, oral leucoplakia and oral cancer. Oral Dis 16: 61–67. doi: 10.1111/j.1601-0825.2009.
01614.x PMID: 19732355

38.

Marioni G, Bedogni A, Giacomelli L, Ferraro SM, Bertolin A, et al. (2005) Survivin expression is significantly higher in pN plus oral and oropharyngeal primary squamous cell carcinomas than in pN0 carcinomas. Acta Oto-Laryngol 125: 1218–1223. PMID: 16353406

39.

Ambrosini G, Adida C, Sirugo G, Altieri DC (1998) Induction of apoptosis and inhibition of cell proliferation by survivin gene targeting. J Biol Chem 273: 11177–11182. PMID: 9556606

40.

Jha K, Shukla M, Pandey M (2012) Survivin expression and targeting in breast cancer. Surg Oncol 21:
125–131. doi: 10.1016/j.suronc.2011.01.001 PMID: 21334875

41.

Chen P, Zhu J, Liu DY, Li HY, Xu N, et al. (2014) Over-expression of survivin and VEGF in small-cell
lung cancer may predict the poorer prognosis. Med Oncol 31: 775. doi: 10.1007/s12032-013-0775-5
PMID: 24338338

42.

Lu CD, Altieri DC, Tanigawa N (1998) Expression of a novel antiapoptosis gene, survivin, correlated
with tumor cell apoptosis and p53 accumulation in gastric carcinomas. Cancer Res 58: 1808–1812.
PMID: 9581817

43.

Ikeguchi M, Ueda T, Sakatani T, Hirooka Y, Kaibara N (2002) Expression of survivin messenger RNA
correlates with poor prognosis in patients with hepatocellular carcinoma. Diagn Mol Pathol 11: 33–40.
PMID: 11854600

44.

Zhang LQ, Wang J, Jiang F, Xu L, Liu FY, et al. (2012) Prognostic value of survivin in patients with nonsmall cell lung carcinoma: a systematic review with meta-analysis. PLoS One 7: e34100. doi: 10.1371/
journal.pone.0034100 PMID: 22457815

45.

Krieg A, Werner TA, Verde PE, Stoecklein NH, Knoefel WT (2013) Prognostic and clinicopathological
significance of survivin in colorectal cancer: a meta-analysis. PLoS One 8: e65338. doi: 10.1371/
journal.pone.0065338 PMID: 23755220

46.

Jeon C, Kim M, Kwak C, Kim HH, Ku JH (2013) Prognostic role of survivin in bladder cancer: a systematic review and meta-analysis. PLoS One 8: e76719. doi: 10.1371/journal.pone.0076719 PMID:
24204662

PLOS ONE | DOI:10.1371/journal.pone.0116517 February 24, 2015

15 / 16

Survivin Expression in Oral Squamous Cell Carcinoma

47.

Li C, Li Z, Zhu M, Zhao T, Chen L, et al. (2012) Clinicopathological and prognostic significance of survivin over-expression in patients with esophageal squamous cell carcinoma: a meta-analysis. PLoS One
7: e44764. doi: 10.1371/journal.pone.0044764 PMID: 23028610

48.

Krieg A, Baseras B, Tomczak M, Verde PE, Stoecklein NH, et al. (2013) Role of survivin as prognostic
and clinicopathological marker in gastric cancer: a meta-analysis. Mol Biol Rep 40: 5501–5511. doi:
10.1007/s11033-013-2650-z PMID: 23948878

49.

Caldas H, Jiang Y, Holloway MP, Fangusaro J, Mahotka C, et al. (2005) Survivin splice variants regulate the balance between proliferation and cell death. Oncogene 24: 1994–2007. PMID: 15688031

50.

Venables JP (2006) Unbalanced alternative splicing and its significance in cancer. Bioessays 28: 378–
386. PMID: 16547952

51.

Mahotka C, Liebmann J, Wenzel M, Suschek CV, Schmitt M, et al. (2002) Differential subcellular localization of functionally divergent survivin splice variants. Cell Death Differ 9: 1334–1342. PMID:
12478470

52.

Caldas H, Honsey LE, Altura RA (2005) Survivin 2alpha: a novel Survivin splice variant expressed in
human malignancies. Mol Cancer 4: 11. PMID: 15743529

53.

Engels K, Knauer SK, Metzler D, Simf C, Struschka O, et al. (2007) Dynamic intracellular survivin in
oral squamous cell carcinoma: underlying molecular mechanism and potential as an early prognostic
marker. J Pathol 211: 532–540. PMID: 17334981

PLOS ONE | DOI:10.1371/journal.pone.0116517 February 24, 2015

16 / 16

