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Introduction

Head-neck cancer is a complex and multifactorial 
disease with a significant global health burden. It 
encompasses various malignancies, including the oral 
cavity, pharynx, larynx, and paranasal sinuses. Genetic 
factors have been implicated in the development and 
progression of head and neck cancer, with numerous 
studies focusing on the association between specific gene 
polymorphisms and disease risk [1].

One such gene of clinical interest in head-neck cancer 
is the Survivin gene, also known as BIRC5, located on 
chromosome 17q25.3. It is the smallest member of the 
inhibitor of the apoptosis protein family; other members 
are NAIP, cIAP1, cIAP2, XIAP, BRUCE, livin, and ILP2, 
which plays a crucial role in regulating cell apoptosis 
and proliferation [2, 3]. Survivin is a 16.5 kDa protein 
approximately 14.7 kb long and composed of four 
exons and three introns [4, 5]. It is structurally unique 
as it contains only one BIR (Baculoviral inhibitor of 
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apoptosis repeat) domain, and the C-terminal ring finger 
is absent. It has been shown through various studies 
that overexpression of Survivin plays a vital role in the 
development and progression of the tumor by reducing the 
tumor cell apoptosis and increasing the cell proliferation 
rate [6, 7]. Survivin is a member of the inhibitor of 
apoptosis protein family and is involved in preventing 
programmed cell death and promoting cell survival. It 
prevents apoptosis by inhibiting intrinsic and extrinsic 
apoptosis pathways, increasing cell survival [8]. Also, 
the upregulation of Survivin increases therapy resistance 
[9, 10]. The expression of Survivin could be up-regulated 
due to a variety of molecular and genomic mechanisms, 
including gene amplification, promoter and exon 
demethylation, genetic variation in the regulatory region, 
and enhanced promoter activity leading to tumorigenesis 
and/or progression [11]. Survivin is polymorphic, and 
so far, several single nucleotide polymorphisms in the 
survivin gene have been characterized in the promoter, 
exon, intron, 3’UTR (untranslated region), and 5’UTR 
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regions [12, 13]. 
Among them, -31G/C (rs9904341) is the most 

commonly studied variant. It is located at the cell cycle-
dependent element and cell cycle homology regions 
and the repressor binding site of the survivin promoter 
[14]. Roodi et al. in 2019 reported that -31C is more 
transcriptionally efficient as compared to -31G allele, 
where this polymorphism, which is located within the 
survivin promoter region, specifically at the cell cycle-
dependent element and repressor binding site, shows that 
the -31C allele exhibits higher transcriptional efficiency 
compared to the -31G allele, suggesting its potential 
influence on survivin expression and subsequent cancer 
risk. This observation was followed by several studies 
investigating the role of Survivin -31G/C (rs9904341) 
polymorphism in different cancers [15]. Most studies 
observed that over-expression of the survivin gene 
promote tumor development and progression. However, 
some studies show no association between survivin gene 
expression and cancer risk [16]. Therefore, we performed 
a subgroup analysis based on ethnicity and cancer types 
to estimate the association between survivin gene -31G/C 
(rs9904341) polymorphism and cancer risk. 

The present study examines the association between 
the Survivin -31G/C (rs9904341) polymorphism and the 
risk of head and neck cancer in the Asian population. By 
conducting a systematic review and meta-analysis, we 
synthesized available evidence from relevant studies to 
better estimate the association. Further, subgroup analyses 
were performed based on ethnicity and cancer types to 
explore potential variations in the observed associations, 
particularly in the Asian population. 

Understanding the role of survivin gene polymorphisms, 
particularly the -31G/C (rs9904341) variant, in developing 
head and neck cancer holds significant clinical implications. 
Elucidating the genetic factors contributing to disease risk 
can aid in identifying high-risk individuals, facilitate 
personalized treatment strategies, and provide valuable 
insights into the underlying molecular mechanisms 
involved in tumorigenesis.

Numerous studies have investigated the correlation 
between survivin polymorphisms and susceptibility to 
cancer among different populations. The findings of 
these investigations in case-control studies and previous 
meta-analyses are either contradictory or need to be 
sufficiently powered. To determine the probable effect of 
survivin rs9904341 polymorphisms on the likelihood of 
different cancers based on published case-control studies, 
we conducted comprehensive meta-analyses by including 
recently published articles.

Materials and Methods

Study Registration 
This study was prospectively registered in PROSPERO 

(International Prospective Register of Systematic 
Reviews) for its design feasibility and vetted for its 
accuracy vide registration number CRD42023405571

Selection criteria
Before data selection and extraction, a predefined 

preselected set of criteria is defined by the first and second 
author and consensus by all authors. The selection criteria 
were based on a two-tier system of primary inclusion 
with broad sensitivity for potential articles and secondary 
exclusion criteria to filter out unnecessary pieces from the 
articles satisfying the inclusion criteria (Table 1). 

Search strategy and study selection
A computer-based literature search was conducted on 

PubMed, Embase, Google Scholar, and Cochrane Library 
for all studies from inception till the 12th of June 2022 
using Boolean operators and Medical Subject Headings

PubMed/ Medline: ((“Survivin”) OR (“BIRC5” 
[Supplementary  Concept] ) )  AND ((“Genet ic 
Predisposition”[Mesh]) OR “GeneticVariation”[Mesh] 
OR “Polymorphism, genetic”[Mesh] OR “Polymorphism, 
Single Nucleotide”[Mesh]) OR“-31G/C” OR “rs9904341”) 
AND “Apoptosis”[Mesh]

Embase: (‘Survivin’/exp OR ‘BIRC5’) AND (‘Genetic 
Predisposition’/exp) OR (‘Genetic Variation’/exp 
OR‘-31G/C’ OR ‘rs9904341’)) AND (‘Head and Neck 
Neoplasms’/exp OR ‘Apoptosis’/exp) 

Cochrane Library: ([Survivin] OR [BIRC5]) AND 
(MeSHDescriptor[Gene] OR MeSH Descriptor[Genetic 
Polymorphism] OR MeSH Descriptor[Genetic Variant] 
AND MeSH Descriptor[Head and Neck Neoplasms] OR 
MeSH Descriptor[Apoptosis])

Google Scholar:  “Survivin BIRC5 genetic 
polymorphism -31G/C leading to head and neck cancer”

Additionally, a manual search from the bibliography 
of selected studies, textbook references on related topics, 
and manual additions by the corresponding author were 
used to add articles if they met the pre-defined selection 
criteria for the study.

Data extraction
Sixty-six articles were found using the above search 

terms and inclusion criteria (by choosing ‘filters’), and 
two articles were added using manual citations from the 
bibliography of selected articles. All collected articles 
were exported onto a Microsoft Excel Spreadsheet for 

S. No. Inclusion Criteria Exclusion Criteria
1 Case-Control or Cohort study, Meta-analysis Case reports,incomplete/unpublisheddata, review 

articles, animal Artilclesand editorial letters
2 Sufficient data forrs9904341 polymorphism is available Irrelevant or no data included for genotype number 

or frequency
3 The most comprehensive and latest results were utilized where 

there were multiple studies from the identical study group.
Control population was not included

Table 1. Inclusion and Exclusion Criteria for the Studies Include in the Meta-Analysis
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moderate risk, and below as high risk of bias. The risk of 
bias was schematically represented using a traffic signal 
plot and a Cochrane summary plot using the RobVis tool 
using the generic dataset. Publication bias was evaluated 
by Begg’s and Egger’s regression test and graphically 
represented as a funnel plot. Stratified analysis was also 
carried out by ethnicity and cancer type. Sensitivity 
analysis was performed to assess the stability of the results. 
Each study was removed from the total (one at a time), 
and the remaining were re-analyzed.

Statistical Analysis
All statistical analyses were conducted by Review 

Manager (RevMan) Version 5.4(Copenhagen: The Nordic 
Cochrane Centre, The Cochrane Collaboration, 2014), The 
Cochrane Collaboration 2020 and MS Excel 2017. The 
strength of the association between the survivin -31 G/C 
(rs9904341) promoter polymorphism and risk of cancer 
was measured by odds ratio (ORs) with 95% confidence 
interval (CIs) under different genetic models, including 
allelic model (C vs. G), dominant model (CC+GC vs. 
GG), recessive model (CC vs. GG+GC), additional model 
(CG vs CC+GG), homozygous model (CC vs. GG), 
heterozygous model (CC vs. GC) and (GG vs GC). Z test 
was employed to determine the significance of the pooled 
ORs. We also quantified the effect of heterogeneity by 
using the I2 test and Cochrane Q statistic (ranges from 0 
to 100%), which represents the proportion of inter-study 
variability that can be attributed to heterogeneity rather 
than by chance. When a significant I2 is more than 50% 
(I2 indicated that heterogeneity among studies existed, the 
random effects model (Der Simonian Laird method) was 
conducted or selected for meta-analysis. Otherwise, the 
fixed effect model (Mantel-Haenszel method) was used. 
We tested whether the genotype frequencies of controls 
were in HWE using the χ2 test.

Results

Study characteristics
In this meta-analysis, nine studies [17-24] were 

excluded while 51 studies were included based on the 
predetermined inclusion and exclusion criteria. The flow 
chart of the selection process of studies is schematically 
represented in Figure 1. 10,472 cancer patients and 12,193 
genetically unrelated healthy individuals were included in 
the research. These case-control studies were published 
between 2007 and 2022. Thirty-three studies on Asian 
populations, 14 studies on Caucasian populations, and four 
studies on mixed populations made up the 51 studies that 
were chosen. Table 2 comprehensively summarizes the 
examined studies and the variables that were compared.

Quantitative synthesis
By combining genotype data from all 51 studies, our 

meta-analysis demonstrated a substantial correlation 
between the C allele and the G allele (OR= 1.25, 95% CI= 
1.15 to 1.37, P<0.00001). Additionally, there was a strong 
correlation between the variables of CC vs CG (OR= 
1.34, 95% CI= 1.18 to 1.52, P0.00001), CC vs. GG (OR= 
1.53, 95% CI= 1.23 to 1.90, P=0.0001), and CC+CG vs. 

removal of duplicates and further analysis. Duplicates 
were excluded using the title-author-date criteria, which 
yielded 58 articles eligible for title and abstract screening. 
Each screening stage was performed by two individual 
authors (NM &AnK) and was further verified by two 
independent authors (AS &AsK). All ties were broken 
by the expert reviewer (RJK). Additionally, full-text 
screening and the risk of bias analysis were performed 
in parallel. Data extraction was performed on all selected 
articles using predetermined data points with the 
consensus of all authors; the corresponding author settled 
any disagreements. 

The data points included
1. Genetic variation in the surviving gene in those with 

a documented form of cancer 
2. The type of cancer documented
3. The genotypic method
4. Ancestry of participants ((categorized as Caucasian, 

Asian and mixed)
5. study design (categorized as population-based and 

hospital-based)
6. Number of cases and controls
Apart from these, information regarding the author, 

the study design, and the year of publication were also 
recorded for risk of bias assessment. Finally, the decision 
to include articles for the meta-analysis was decided by 
consensus among the authors, and the decision of the first 
author resolved any disagreement.

A schematic representation of the search and data 
extraction has been provided in the PRISMA flowchart 
in Figure 1.

Study outcomes
The primary objective was identifying whether 

individuals with cancer showed specific genetic 
polymorphisms of -31C/G (rs9904341) in the surviving 
gene. The secondary objective was to evaluate the 
association between the presence of a risk allele among 
cases with polymorphism and Controls without the 
polymorphism using statistical methods as specified 
below.

Quality assessment of studies
Two authors independently (AS and NM) assessed 

the methodological quality of the studies included in 
the review by using the New Castle Ottawa risk of a 
bias assessment tool for case-control studies. The NOS 
(Newcastle-Ottawa Scale) is a tool that was developed 
by the Universities of Newcastle, Australia, and Ottawa, 
Canada, to evaluate the quality of non-randomized 
studies. The primary goal of the tool is to incorporate 
quality assessments in the interpretation of meta-analytic 
results. The scale uses a ‘star system’ to assess a study 
based on three perspectives: selection of the study groups, 
comparability of the groups, and ascertainment of either 
the exposure or outcome of interest for case-control or 
cohort studies, respectively. At the end of the assessment 
of each study, a total score was obtained. For assessing 
the risk of bias in studies included in our meta-analyses, 
scores greater than 7 were considered low risk, above 5 to 
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Figure 1. Schematic Representation of Included Studies through PRISMA Flowchart 

GG (dominant model, OR= 1.29, 95% CI= 1.14 to 1.46, 
P=0.0001), GG vs. CG (OR= 0.79, 95% CI= 0.71 to 0.89, 
P<0.0001) and CG+GG vs. CC (OR= 0.67, 95% CI= 0.57 
to 0.79, P<0.0001). There was a questionable correlation 
in the comparison of CC+GG and CG (OR=1.03, 95% 
CI=0.94 to 1.12, P=0.57). Due to the high heterogeneity, 
the random effect model was used for the aforementioned 
genetic models (Table 3).

Subgroup analysis
Subgroup analysis was performed to determine the 

impact of cancer type and ethnicity on the possibility 
of acquiring the disease. While stratifying the analysis 
based on ethnicity, significantly higher susceptibility was 
seen in the Asian population under the following genetic 
models: C vs. G (allelic model, OR= 1.34, 95% CI= 1.21 
to 1.48, P<0.00001), CC vs. CG (OR= 1.35, 95% CI= 
1.16 to 1.58, P=0.0001), CC vs. GG (homozygous model, 
OR= 1.75, 95% CI= 1.42 to 2.14, P<0.00001), CC+CG 
vs. GG (dominant model, OR= 1.42, 95% CI= 1.25 to 
1.61, P<0.00001), and CG+GG vs. CC (OR= 0.92, 95% 
CI= 0.62 to 1.36, P<0.00001) while slight association 
was discovered in GG vs CG (OR= 0.79, 95% CI= 0.71 
to 0.89, P<0.00002) and a negligible relationship was 
discovered in CC+GG vs CG (OR= 1.00, 95% CI= 0.90 
to 1.12, P= 0.19).

In the Caucasian population, a significant association 
has been found in C vs. G (allelic model, OR= 0.96, 
95% CI= 0.75 to 1.23, P<0.00001) CC vs. CG models 
(OR= 1.35, 95% CI= 1.12 to 1.63, P=0.002), CC vs. 
GG (OR= 1.06, 95% CI= 0.71 to 1.58, P<0.00001), GG 
vs. CG (OR= 1.16, 95% CI= 0.83 to 1.62, P<0.00001) 
and CC+CG vs. GG (OR= 0.91, 95% CI= 0.64 to 1.28, 
P<0.00001) while the small association was observed in 
CC+GG vs CG model (OR= 1.91, 95% CI= 0.93 to 1.53, 
P=0.17) and CG+GG vs. CC (OR= 0.86, 95% CI= 0.65 
to 1.14, P=0.010)

For mixed population, no significant association was 
found in C vs G (allelic model, OR= 1.37, 95% CI= 1.07 
to 1.74, P= 0.27) CC vs CG models (OR= 1.59, 95% CI= 
0.99 to 2.56, P=0.44), CC vs GG (OR= 1.87, 95% CI= 
1.13 to 3.08, P= 0.44), GG vs CG (OR= 0.83, 95% CI= 
0.57 to 1.21, P= 0.35), CC+CG vs GG (OR= 1.34, 95% 
CI= 0.90 to 2.00, P= 0.32), CG+GG vs CC model (OR= 
0.58, 95% CI= 0.37 to 0.91, P=0.43) and CC+GG vs CG 
(OR= 1.04, 95% CI= 0.74 to 1.46, P=0.27).

The stratified analysis proposed that this variant is 
significantly associated with gastrointestinal tract and 
urinary cancer (Figure 2). A borderline association with 
reproductive system cancer was observed between -31G/C 
(rs9904341) polymorphism and head and neck cancer. 
Significant association has also been observed in Lung 
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Figure 2. Forest Plot of the Stratified Analysis of Survivin gene SNP -31G/C on the basis of Different Genotype Model 
in Gastrointestinal Tract Cancer (A) C vs G, (B) CC vs CG 

cancer types and C allele.
However, a strong association was observed with Lung 

cancer with C vs G, CC vs CG, and CC vs GG genotypic 
models (Figure 3).

Heterogeneity and publication bias
Heterogeneity among the studies was calculated using 

the software MedCalc. Results are in the Table 4 and Table 
5 above. The results showed that in the Asian population, 
the heterogeneity (I2/p-value for all genetic models was 
significant except for (CC+GG) vs. CG, which is 47.69% / 
0.52. For the Caucasian population, the heterogeneity was 
not significant, as shown in Table 4. The analyzing results 
showed that heterogeneity existed among studies. Based 

on the heterogeneity results using the I2 test, the ORs with 
95% CI were estimated as a random or fixed effect model. 
If the I2 of the heterogeneity test was more than or equal to 
50%, then the random effect model is used as the pooling 
method; otherwise, the fixed effect model is used.

Some confounding factors, such as ethnicity, 
co-morbid conditions in the study participants, and family 
history of cancers in the study participants, that impact 
the outcome of the studies in the meta-analysis were not 
included. Most of the study participants included in the 
meta-analysis were of Asian ethnicity. 

The potential publication bias was analyzed using 
Begg’s funnel plot and Egger’s linear regression test, 
as shown in Suoolementary Figure 2, for each of the 
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Figure 4. Forest Plot of the Stratified Analysis of Survivin Gene SNP -31G/C on the Basis of Different Genotype 
Model in Lung Cancer (A) C vs G, (B) CC vs CG, (C) CC vs GG 

compared genetic models. 
No significant asymmetry was noted in any of the 

comparisons, which leads the authors to interpret that the 
inclusion of studies was extensive enough to cover all types 
of results without preferentially neglecting any particular 
type singularly. The plots also depict clustering towards 
the apex, indicative of low standard error due to narrow 
confidence intervals/high sample sizes, in correlation with 
the forest plots in Supplementary Figure 1.  

Sensitivity analysis
Sensitivity analysis was performed to assess each 

study’s influence on the pooled ORs in which individual 
studies were omitted one by one. This analysis results 
suggested that no individual study significantly affects 
the pooled ORs under any genetic models of Survivin 
-31G/C (rs9904341). 

Risk of Bias Analysis 
The risk of bias of each study was analyzed based 

on the New Castle Ottawa scale based on parameters of 
selection of cases and controls, comparability of the two, 
and finally, measurement and expression of exposures 
individually. It was summated to an ‘overall’ bias status 
based on the number of ‘stars’ mentioned per protocol, 
as shown in Figure 4. A color-blind-friendly version has 
also been included in supplementary image 1. 

An overall estimate of the risk of systematic errors has 
been performed by the RobVis tool to derive a summary 
plot, as shown in Figure 5. 

The above summary plot depicts that only 25% of the 
total studies had a ‘low’ estimated risk of bias, with most 
of the studies having a moderate risk of bias. Compared 
to selection and exposure, a lower weight was given to 
comparability due to the increased subjectivity of that 
criterion in the New Castle Ottawa Scale, reflecting 
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Figure 4. Traffic Plot Depicting the Risk of bias of 
Selected Studies. 
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Figure 5. Summary Plot of Overall Risk of Bias of each Domain and All Selected Studies

the overall percentages being more similar to the other 
parameters. 

Discussion

Apoptosis is involved in maintaining normal cellular 
processes, which is crucial in maintaining differentiated 
tissue homeostasis [64]. Apoptosis may be blocked in 
cancer cells, and this can be mediated by the members 
of the inhibitor of apoptosis protein family (IAPs) 
through directly or indirectly binding to caspase [65]. 
The mammalian genome encodes 8 IAP family members, 
including Survivin protein or BIRC5. It is the smallest 
member of the IAP family. Many single nucleotide 
polymorphisms (SNPs) have been found in different 
regions of the survivin gene, including promoter, exon, 
intron, 3’UTR, and 5’UTR region. The SNP -31G/C 
(rs9904341)located in the promoter region of the Survivin 
gene is highly associated with cancer risk. According to 
Ludewig et al. (2004), the C allele has a significantly 
higher association with cancer risk than the G allele [66]. 

In this meta-analysis, estimation of the association 
between survivin gene polymorphism -31G/C (rs9904341) 
and cancer risk has been done on 51 eligible case-control 
studies. In Roodi et al. [15], a meta-analysis was done 
on 43 studies. It was estimated that -31G/C (rs9904341) 
polymorphism is significantly associated with an increased 
risk of overall cancer, and our study supports their result 
with more studies. In subgroup analysis based on ethnicity, 
it was evaluated that the Asian population is significantly 
highly associated with cancer risk compared to cancer risk. 
This could be due to discrepancies caused by differences 
in genetic background, environmental factors, habitat, 
etc. However, the number of preliminary studies with the 
total number of cases and controls is less in Caucasian 
and mixed populations than in the Asian population, so 
this could be insufficiently powered to detect a significant 
association. 

In this updated meta-analysis, we have performed 
subgroup analysis based on organ system, and results 
have shown a significant association between this variant 
and cancer of the urinary system and gastrointestinal 
cancer. A [17] meta-analysis conducted on 9 studies 
on gastrointestinal cancer estimated that the variant 
is significantly associated with cancer risk, and the 
observation from the present study supports their result. 
In the current meta-analysis, statistical power has been 

increased since we have estimated the results from 20 
studies on gastrointestinal cancer. While borderline 
association has been reported in cancer of the reproductive 
system and respiratory system, and protection has been 
observed in head and neck cancer. There is evidence of the 
association between Survivin rs9904341 single nucleotide 
polymorphism and cancer risk [15]. 

There were some limitations in this meta-analysis. 
Firstly, the association between gene and environmental 
factors, age, habit, and gender was not evaluated due 
to a lack of relevant data across the included studies. 
Furthermore, different sources for controls or cases 
could contribute to selection bias. Most papers included 
in the current meta-analysis are from Asian populations; 
therefore, the heterogeneity existed among studies. 
Finally, even though all cases and controls in each research 
had unambiguous inclusion criteria, we overlooked other 
factors that could have affected our findings.

Despite the drawbacks mentioned above, our meta-
analysis has the following merits. This specific goal of the 
study was to revise previously published meta-analysis 
and focus on the association between the Survivin 
-31G/C (rs9904341) polymorphism and the cancer risk 
association is statistically more powerful as compared 
to any individual study and the previous meta-analyses 
conducted on -31G/C (rs9904341) polymorphism. We 
implemented an efficient and effective search approach 
based on a computer-aided program and manual search to 
identify all relevant and appropriate studies. The quality 
of the research papers that comprised this meta-analysis 
met our selection criteria owing to this search approach. 
Moreover, before beginning the computations, precise 
study selection, data collection, and data evaluation 
techniques were adequately designed. 

In summary, this meta-analysis provides strong 
evidence of the association between survivin gene 
polymorphism -31G/C (rs9904341) and cancer risk with 
51 studies. However, the results for Asian and Caucasian 
populations were the same as in the previous analysis. 
At the same time, we have analyzed the association 
between polymorphism and cancer risk based on organ 
systems, which has not been done yet for all organ systems 
collectively. We anticipate that the -31G/C (rs9904341) 
polymorphism of Survivin can help screen high-risk 
populations for gastrointestinal cancers. However, well-
designed epidemiological studies with demographic data, 
large sample sizes, and phenotype correlations are required 
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for translational application for the 31G/C polymorphism 
in cancer screening and diagnosis.
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