
Study Protocol Systematic Review Medicine®

OPEN
A comprehensive evaluat
ion of single nucleotide
polymorphisms associated with osteosarcoma risk
A protocol for systematic review and network meta-analysis
Zhuo-Miao Ye, M Meda, Ming-Bo Luo, M Meda, Chi Zhang, M Medb, Jing-Hui Zheng, PhDc,∗ ,
Hong-Jun Gao, PhDd,∗, You-Ming Tang, PhDe
Abstract
Background: Single nucleotide polymorphisms (SNPs) have been inconsistently associated with osteosarcoma (OS) risk. This
meta-analysis aimed to synthesize relevant data on SNPs associated with OS.

Methods: Databases were searched to identify association studies of SNPs and OS published through January 2020 from the
databases of PubMed, Web of Science, Embase, Cochrane Library, China National Knowledge Infrastructure, the Chinese Science
and Technology Periodical Database, and Wan fang databases. Network meta-analysis and Thakkinstian algorithm were used to
select the most appropriate genetic model, along with false positive report probability for noteworthy associations. The
methodological quality of data was assessed based on the STrengthening the REporting of Genetic Association Studies statement
Stata 14.0 will be used for systematic review and meta-analysis.

Results: This study will provide a high-quality evidence to find the SNPmost associated with OS susceptibility and the best genetic
model.

Conclusions: This study will explore which SNP is most associated with OS susceptibility.

Registration: INPLASY202040023.

Abbreviations: FPRP = False positive report probability, HWE = Hardy–Weinberg equilibrium, OS = osteosarcoma, SNPs =
single nucleotide polymorphisms.
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1. Introduction

Osteosarcoma (OS), which are the most frequently detected bone
cancers,is the third most common cancer type in children and in
young adults.[1] OS, which are mainly detected in the femur
(42%), tibia (19%), humerus (10%), skull and jaw (8%), and
pelvis (8%),[2] has different subtypes, and most of them are high
grade and aggressive. Metastases occur in about 20% of patients
with OS and most metastasize to bone marrow, liver, brain, and
other tissues. OS are resistant to some chemotherapy drugs
because of their aggressive biological behavior.[2] But we still do
not know why it is so aggressive, which has led to the slow
development of treatment for OS in recent years.[3] Genetic
variations in patients with OS can lead to extensive changes in the
response and toxicity of chemotherapy drugs. For example, the
variation of DMET gene was significantly correlated with tumor
necrosis outcome and survival rate.[4] Single nucleotide poly-
morphism (SNPs), which are inherited single base changes in
exonic or intronic regions. Some SNPs have been found to alter
gene expression and function, or be in linkage disequilibrium
with causal loci associated with cancer risk and/or prognosis.
Numerous studies have found common SNPs within biologically
plausible pathways that have been hypothesized to contribute to
OS etiology, such as TP53,[5] TCF21,[6] ERCC2,[7] CTLA-4.[8]

Most of these studies; however, have limited statistical power to
detect small-effect SNPs and the results are often inconsistent and
thus inconclusive. Some systematic reviews have evaluated the
evidence regarding SNPs in individual genes related to OS,[9–12]
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but few reviews have comprehensively summarized and evaluat-
ed all SNPs related to OS. Our study was to comprehensively
evaluate significant SNPs associated with OS susceptibility. There
is a lack of evidence to indicate which genetic model is most
appropriate to identify associations of SNPs with OS; thus,
instead of assuming the underlying genetic model, we applied
various approaches to select the most appropriate genetic models
of inherence and to measure the reliability of the associations.
2. Materials and methods

This study was conducted in accordance with the preferred
reporting items for systematic reviews and meta-analyses guide-
lines and the protocol was registered in the INPLASY database.
Ethical approval will not be necessary since this systematic review
and meta-analysis will not contain any private information of
participants or violate their human rights.

2.1. Criteria for the included studies in the review
2.1.1. Types of studies. Case-control study, published in either
English orChinese that concern the susceptibilityof the SNPs to the
OS, will be incorporated in our review. No limitations of
publication status or data will be settled. Studies reported in
full-text will be screened for inclusion. Additionally, those
registered in the trials registries but have not been published will
be contacted to ascertain whether the complete data is available. A
study was excluded if it was a repeat report, conference report,
thesis, review paper, or animal study, or had insufficient data for
genotyping distribution calculation. Studies in which SNPs
demonstrated a departure from Hardy–Weinberg equilibrium
(HWE) in controlswere excluded.ASNPwas includedonly ifmore
than 2 studies meeting the aforementioned criteria evaluated this
genetic variant. The references of all eligible studies weremanually
screened to ensure that all relevant studies were included.

2.1.2. Types of participants. We will include trials of OS
patients whose the diagnosis was based on criteria not
aforementioned or diagnosis criteria were not clearly defined.
Noncancer controls may be healthy or have nonmalignant
diseases. Studies were considered only if the studied population
was taken serum samples before prior chemoradiotherapy and
cancer risk was the outcome. No restrictions were placed on age,
gender, country, or tumor stage.

2.2. Search strategy
2.2.1. Electronic searches. Studies published through January
2020 that compared frequency differences in SNPs between OS
patients and noncancer controls were identified from PubMed,
Web of Science, Embase, Cochrane Library, China National
Knowledge Infrastructure, the Chinese Science and Technology
Periodical Database, and Wanfang databases, with no language
limits. The search strategy was based on the following search
terms: “single nucleotide polymorphism,” “SNP,” “ osteosarco-
ma,” and “osteogenic sarcoma.” Details regarding the search
terms are available in the Supplementary Materials S1, http://
links.lww.com/MD/E398.

2.3. Data collection
2.3.1. Selection of studies. Two reviewers (ZY and CZ)
conducted the selection process independently, with cases of
disagreement resolved by discussion or consulting a third
reviewer (JZ).
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After removing duplicate and irrelevant articles, 2 reviewers
will create 2 lists of potential studies which will be checked
against each other by a supervisor (JZ) to ascertain a preliminary
list. Further identification of eligible articles from the preliminary
list will be completed by 2 reviewers through applying the
preplanned inclusion/exclusion criteria. A third reviewer (JZ) will
make a judgment when disagreements occur. Figure 1 is the
preferred reporting items for systematic review andmeta-analysis
flow diagram illustrating the procedure of study selection.

2.3.2. Data extraction and qualitative evaluation. Data
extracted from individual papers include: author, year of
publication, country, sample size, type of controls, sex composi-
tion, age of diagnosis, and details of target SNPs, including
genotyping methods, frequencies of genotypes and derivation
from HWE. The methodological quality of data was assessed
based on the STrengthening the REporting of Genetic Associa-
tion Studies statement.[13] The following questions were rated
using a 2-point scale (0/no, 1/yes):
(1)
 Is there description of genotyping methods?

(2)
 Is there population stratification assessment?

(3)
 Is there description of methods for inferring genotypes?

(4)
 Is there description whether HWE holds in controls?

(5)
 Is there description of whether the study is the first report or a

replication effort, or both?

(6)
 Is information given on eligibility criteria and matching

criteria for matched case-control studies?

(7)
 Is there description of statistical methods and software

version used?

(8)
 Is there description to address and correct for relatedness

among subjects? and

(9)
 Is the data adequate?

Two reviewers conducted the rating independently and a third
reviewer was consulted for consensus if disagreement occurred.
2.4. Dealing with missing data

If the data of potential studies are missing, insufficient, or vague,
we will attempt to contact the corresponding authors to retrieve
the necessary data through email or telephone. The studies will
be excluded if we cannot obtain the relevant data via the
aforementioned approaches.
2.5. Statistical analysis

For controls of each study, HWE was estimated using the
goodness-of-fit test. For pairwise meta-analysis, a fixed- or
random-effects pooled odds ratio (OR) with 95% confidence
intervals were calculated, depending on degree of heterogeneity
under 6 geneticmodels (allele contrastmodel, homozygousmodel,
heterozygous model, dominant model, recessive model, and over-
dominant model). Heterogeneity was quantified with the I2

statistic andP-value; a I2 statistic<50%and aP> .1 indicated low
heterogeneity between studies, inwhich case the fixed-effect model
was employed, otherwise, random effects model will be used. For
significant SNPs with evidence of heterogeneity in meta-analysis,
assessment of sources of heterogeneity was employed using
subgroup analysis if sufficient data existed. Publication bias was
assessed using the Begg and Egger tests.

2.5.1. Network meta-analysis. A random-effects network
meta-analysis within a Bayesian framework was conducted
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Figure 1. PRISMA flow diagram of literature search and selection. PRISMA = preferred reporting items for systematic review and meta-analysis.
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using the GeMTC software (v 0.14.3).[14] Four parallel Markov
chain Monte Carlo simulations were run for a 20,000-
stimulation burn-in phase and an additional 50,000-stimula-
tion phase. Convergence was satisfied with a potential scale
reduction factor value of 1.0 as the cut-off value. Consistency,
referring to agreement between direct and indirect comparisons
in terms of effect estimates, was evaluated by comparing
3

consistency model with inconsistency model in terms of
standard deviation of the random effect. The inconsistency
model was used when an obvious deviation was detected;
otherwise, the consistency model was used. This Bayesian
approach was used to rank the probability of each genetic
model for risk assessment for OS and corresponding rank
probability plots were generated.
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2.5.2. False positive report probability (FPRP). We further
compared genetic models to select the most appropriate model
using the algorithm by Thakkinstian et al.[15] A SNP consists of a
dominant allele (G) and a recessive allele (g). Pairwise differences of
GGversus gg (D1),Ggversus gg (D2), andGGversusGg (D3)were
calculated aspooledOR1,OR2, andOR3, respectively, alongwith
95% confidence intervals, in the pairwise meta-analysis. The most
appropriate geneticmodelwas determined to be: recessivemodel if
OR1=OR3≠ 1 andOR2=1, dominantmodel if OR1=OR2≠ 1
and OR3 =1, a complete over-dominant model if OR2 = 1/OR3
≠1 and OR1 = 1, or codominant model if OR1 > OR2 > 1 and
OR1>OR3> 1 (or ifOR1<OR2< 1, andOR1<OR3< 1). To
assess the noteworthiness of the normally significant SNPs under
the most appropriate genetic model determined by network meta-
analysis or Thakkinstian’ algorithm, FPRP was calculated
assuming 3 levels of prior probabilities (low: 0.1; moderate:
0.01; high: 0.001) and anORof 1.5, as previously described.[16,17]

Significant SNPs with a FPRP value <0.2 were considered
noteworthy.[16]

2.5.3. Diagnostic meta-analysis.Diagnostic meta-analysis was
conducted to determine sensitivity and specificity of SNPs in
predicting OS risk using the Meta-DiSc software[18] just as
Zhang’s study did.[19] The correlation between the pooled
sensitivity and specificity was estimated using the summary
receiver-operating characteristic curve and its area under the
curve; positive likelihood ratio, negative likelihood ratio, and
diagnostic odds ratio were calculated accordingly. Spearman
correlation analysis was used to evaluate heterogeneity related to
threshold effect.

2.5.4. Subgroup analysis.We will conduct a subgroup analysis
of the SNPs most associated with OS, according to race, type of
virus infection, age, sex, and so on.

2.5.5. Sensitivity analysis. Sensitivity analysis will be conducted
to check the robustness and reliability of pooled outcome results.

2.5.6. Reporting bias. Publication bias will be assessed with
funnel plot and Egger regression analysis if sufficient trials (≥10
trials) are included.
3. Discussion

Some systematic reviews have evaluated the evidence regarding
SNPs in individual genes related to OS,[9–12] but few reviews have
comprehensively summarized and evaluated all SNPs related to
OS, and they included a smaller sample. Moreover, risk
association analysis based on a priori genetic model may be
misleading if an inappropriate genetic model was assumed. Given
that, in this study, we applied various approaches to select the
most appropriate genetic models of inherence and to measure the
reliability of the associations between SNPs and OS. To identify
the most appropriate model for OS risk association, both
network meta-analysis and Thakkinstian’s algorithm were used.
Those SNPs we obtained through analysis of our study may assist
clinicians in assessing the prognosis of OS patients and selecting
appropriate targets therapy.[20] We believe that this systematic
review will find the SNP most associated with OS susceptibility
and select the most appropriate genetic models.
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