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Abstract

Objective: CDCAS is frequently overexpressed in malignant tumors and linked to poor
prognosis. This study evaluated the prognostic significance of CDCAS expression in glioma
patients using the CGGA and TCGA datasets. Methods: Clinical and expression data of
glioma patients from CGGA and TCGA were analyzed. CDCAS expression was compared
across subgroups based on tumor grade (GBM vs. LGG) and IDH mutation status, and meta-
analyses were performed to assess inter-database differences. Results: This study included
1125 glioma patients from CGGA and TCGA. CDCAS expression was higher in TCGA
GBM (p < 0.001) but comparable between databases in LGG (p = 0.501). CGGA showed
lower CDCAS in IDH-mutant gliomas (p < 0.001), with no difference in IDH-wildtype
cases (p = 0.154). CGGA patients had longer overall survival in all above subgroups. Meta-
analysis found no significant prognostic association of CDCAS8 in GBM, IDH-wildtype and
IDH-mutant gliomas. In LGG, high CDCAS8 was significantly linked to reduced adverse
events (p < 0.001, OR = 0.22, 95% CI [0.11-0.43]). Conclusion: CDCAS has grade-dependent
prognostic roles in gliomas. Its overexpression correlates with poor prognosis in GBM
but favorable outcomes in LGG. Inter-database variations support CDCAS as a promising
prognostic biomarker for LGG, and reflect the influences of regional, therapeutic and
genetic factors.

Keywords: CDCAS; glioblastoma; prognosis; TCGA; CGGA

1. Introduction

The cell division cycle-associated 8 (CDCAS8) gene plays a crucial role in mitosis
and cell cycle regulation [1]. CDCAS, also known as Borealin, is a core component of
the Chromosome Passenger Complex (CPC), together with Aurora B, INCENP, and Sur-
vivin [2]. In normal cells, the CPC is essential for accurate chromosome segregation and
cytokinesis during mitosis: it localizes to centromeres in metaphase to correct erroneous
kinetochore-microtubule attachments, and relocates to the central spindle in anaphase
to ensure proper completion of cytokinesis [3]. Dysregulation of the CPC leads to aneu-
ploidy and chromosomal instability, which are hallmarks of cancer. In many malignancies,
CDCAS8 is frequently overexpressed, and its upregulation correlates with advanced tumor
stage, increased proliferation, and poor clinical outcomes [4]. These established roles make
CDCAS8 a compelling candidate to investigate in glioma, where chromosomal instability
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and mitotic dysregulation are common features. In recent years, studies have demonstrated
that abnormal expression of CDCAS is closely associated with the development of multiple
malignancies [5], particularly gliomas [6]. Gliomas are among the most common primary
brain tumors in adults, characterized by complex pathogenesis involving both genetic and
environmental factors [7]. Aberrant CDCAS8 expression in gliomas may contribute to tumor
proliferation and progression by disrupting cell cycle control.

In Western countries, the incidence of gliomas is relatively high, and the prevalence of
glioblastoma (GBM) has shown a sustained upward trend [8]. Recent investigations into
CDCAS suggest that it may serve as a promising biomarker and therapeutic target, offering
new strategies for early diagnosis and targeted therapy in gliomas [9-12]. In contrast, the
incidence of gliomas in China is relatively lower; however, significant advances in diagnos-
tic and therapeutic techniques have been achieved in recent years [13]. Although research
on CDCAS in Chinese glioma cohorts is still in its exploratory phase, preliminary findings
indicate that CDCAS8 may play an important role in glioma initiation and progression.

In summary, CDCAS holds substantial significance in glioma research, and future
studies may further elucidate its pathogenic mechanisms and therapeutic potential across
different populations and regions.

2. Materials and Methods
2.1. Study Design

This study is a combined analysis of patient-level data from two public glioma
databases (CGGA and TCGA), with a subgroup meta-analysis to assess the association
between CDCAS expression and clinical outcomes. The reporting of this study follows
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020
guidelines (Supplementary Materials). A PRISMA flow diagram detailing the patient inclu-
sion and exclusion process is provided in Figure 1. No prospective protocol registration
was performed for this analysis, as it is based on publicly available de-identified patient
data rather than a systematic review of published literature.

2.2. Inclusion Criteria

(1) Study Type: (1) All publicly available studies utilizing data from The Cancer Genome
Atlas (TCGA) and the Chinese Glioma Genome Atlas (CGGA) that include glioma
patients; (2) Studies reporting CDCAS expression data along with relevant clinical
information, such as sex, age, tumor classification (GBM and LGG), and IDH mutation
status; (3) Studies employing standardized methodologies for quantifying CDCAS8
expression levels (e.g., FPKM, RSEM, RNA sequencing).

(2) Patient Characteristics: (1) Pathologically confirmed glioma patients with clearly
defined tumor types (GBM or LGG); (2) Both male and female patients, with ex-
plicit records of sex, age, and histopathological diagnosis; (3) Availability of CDCAS8
expression data and at least one clinical outcome (e.g., overall survival, prognosis,
therapeutic response).

(3) Database Requirements: The TCGA database includes multi-center data from the
United States, covering glioma patients of different races, ages, and sexes. The CGGA
database provides representative genomic data from Chinese glioma patients.

2.3. Exclusion Criteria

(1) Study Type: (1) Studies without control groups or without extractable CDCAS8 expres-
sion data; (2) Non-original studies, including reviews, book chapters, case reports, or
conference abstracts.
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(2) Patient Characteristics: (1) Studies lacking complete clinical data, such as sex, age,
tumor classification, or IDH mutation status; (2) Studies with mixed or unclassifiable
glioma patient data that cannot be clearly assigned to GBM or LGG groups; (3) Patients
with recurrent gliomas after treatment, due to potential confounding effects of prior
therapies on CDCAS8 expression.

(3) Data Quality: (1) Studies with poor data quality, extensive missing values, or incon-
sistent normalization of expression data; (2) Studies using non-standardized gene
expression data or inconsistent experimental methodologies.
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Figure 1. The process of data collection and organization.

2.4. Search Strategy

In the TCGA database, clinical samples of glioma patients with available CDCAS8 gene
expression data were identified through the UCSC Xena platform. In the CGGA database,
the CGGA Online Platform was used to retrieve and download glioma-related gene expres-
sion datasets, ensuring that each selected dataset contained CDCAS expression levels and
relevant clinical characteristics (such as IDH mutation status and tumor grade). The key-
word “CDCAS8” was used as the primary search term to capture all studies and expression
data related to CDCAS, while “Glioma,” “Glioblastoma multiforme,” and “Lower grade
glioma” were applied to obtain expression data for different glioma subtypes, ensuring
comprehensive coverage of both GBM and LGG cases. Data retrieval from both databases
was completed on [02/2026]. After initial screening by the two independent reviewers,
cases that did not meet the inclusion criteria were excluded, and any discrepancies were
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resolved by consensus. The patient selection process is illustrated in the PRISMA flow
diagram (Figure 1).

2.5. Data Quality Assessment and Heterogeneity Analysis

A modified Newcastle-Ottawa Scale (NOS) was utilized to evaluate the data quality
of the CGGA and TCGA patient cohorts. Adjustments were made to adapt the original
NOS framework for database-derived population data rather than conventional obser-
vational studies. The modified NOS consists of three evaluation domains with a total
score of 9 points: participant selection (4 points), cohort comparability (2 points), and
exposure assessment (3 points). According to the NOS scoring criteria, scores ranging from
0 to 4 points indicate low data quality, while scores of 5 to 9 points represent high data
quality [14].

Heterogeneity Assessment: To evaluate variability among studies, the I statistic was
used to quantify interstudy heterogeneity. The assessment indicated moderate to high
heterogeneity (I> > 50%) in some comparisons, which may be attributed to factors such as
sample size, baseline patient characteristics, and variations in study design across regions.
To address this, a random-effects model based on restricted maximum likelihood estimation
was applied to ensure the robustness and reliability of the pooled effect size.

2.6. Statistical Analysis

Tests for heterogeneity were conducted for each meta-analysis using the I statistic,
with I? < 50% indicating low heterogeneity and I? > 50% indicating substantial hetero-
geneity. A non-significant Cochran’s Q test (p > 0.01) suggested the absence of significant
heterogeneity. A p-value < 0.05 was considered statistically significant. Pooled analyses
were performed using fixed-effects models in the absence of significant heterogeneity
and random-effects models when substantial heterogeneity was present. Odds ratios
(ORs) and 95% confidence intervals (Cls) were selected as effect measures. To explore
potential sources of heterogeneity, subgroup analyses were performed according to tumor
grade (GBM vs. LGG) and IDH mutation status. All meta-analyses were conducted using
RevMan software (version 5.4). All figures and charts were generated using GraphPad
Prism software (version 10.0). No formal sensitivity analysis or publication bias assessment
was performed, as this study was based on patient-level data from two public databases
rather than published literature.

3. Results
3.1. Search Results and Characteristics of Included Studies

The process of data collection and organization is illustrated in Figure 1. For this
meta-analysis, a total of 1018 glioma cases from the CGGA database and 1145 glioma cases
from the TCGA database were initially retrieved. After excluding duplicate and incomplete
records, 423 cases from CGGA and 702 cases from TCGA were included in the final
analysis. All selected studies provided CDCAS8 gene expression data and relevant clinical
information, including sex, age, tumor classification, and IDH mutation status. CDCAS8
expression levels were normalized using Z-Score transformation, and all studies utilized
commonly accepted gene expression quantification methods, such as RNA sequencing
(RNA-seq) or fragments per kilobase of transcript per million mapped reads (FPKM).

For each dataset, the median CDCAS expression value was calculated, and samples
with expression levels above the median were categorized as high expression, whereas
those at or below the median were classified as low expression. Glioma cases were stratified
into GBM (WHO 1V) and LGG (WHO I-1II) groups, or by IDH mutation status as IDH-
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mutant (IDH-M) and IDH-wild type (IDH-W). Clinical characteristics for each subgroup
are summarized and presented as mean =+ standard deviation, as shown in Table 1.

Table 1. Relevant database data included in the study.

epe e CDCAS Z-Score for
Cohort Classification Age(Years) Sex M/F OS (Days) Expression CDCAS
GBM 5223+1312 85/55 728.81 + 698.89 388+ 440 038+ 121
LGG 39.95 + 1058  159/124 1199.17 + 998.85 137 +2.83 —031 +0.77
CGGA  1pH-W 46.89 +14.99 112/74 737.31 + 785.57 3.38 4 3.61 0.24 + 0.99
IDH-M 40.69+924  157/80 1536.78 + 1013.69  2.06 + 3.76 —0.12 +1.03
GBM 5043 + 1349  103/55 413.83 + 369.64 827+125  1.07+0.68
LGG 427941335  336/208 984.87 + 981.25 5.67 + 1.51 —0.35 + 0.83
TCGA  1pHw 4011+11.89 18/16 659.32 + 395.92 6.28 + 1.61 —0.02 + 0.8
IDH-M 4333 +1638  50/41 720.47 + 595.86 5224136  —059 + 0.74

OS: overall survival, GBM: Glioblastoma, LGG: Low-Grade Glioma, IDH-M: IDH mutant type, IDH-W: IDH
wild type.

As illustrated in Figure 2, CDCAS expression in GBM patients was significantly higher
in TCGA than in CGGA (p < 0.001), whereas no statistically significant difference was
observed in LGG patients (p = 0.501). In Figure 3, IDH-M glioma patients in CGGA
exhibited significantly lower CDCAS8 expression compared with those in TCGA (p < 0.001),
while IDH-W gliomas showed no significant difference (p = 0.154). Figure 4 demonstrates
that overall survival (OS) in both GBM and LGG patients from CGGA was longer than that
of patients in TCGA (p < 0.001 and p < 0.03, respectively). Finally, as shown in Figure 5,
OS in IDH-M glioma patients was significantly higher in CGGA than in TCGA (p < 0.001),
whereas no significant difference in OS was observed in the IDH-W subgroup (p = 0.573).
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Figure 2. The expression of CDCAS8 in GBM and LGG in databases. *** p < 0.001, ns: no statistical

significance.
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Figure 3. The expression of CDCAS in IDH-M and IDH-W in databases. *** p < 0.001, ns: no statistical
significance.
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Figure 4. The overall survival (OS) of patients with GBM and LGG in databases. *** p < 0.001, * p < 0.05.
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Figure 5. The overall survival (OS) of patients with IDH-M and IDH-W in databases. *** p < 0.001, ns:

no statistical significance.
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To further clarify the prognostic significance of CDCAS in different glioma subgroups,
two complementary analytical approaches were used in this study: (1) Descriptive analyses:
CDCAS8 expression levels and overall survival (OS) were compared between CGGA and
TCGA databases across different pathological grades (GBM/LGG) and molecular subtypes
(IDH-mutant/wild-type). These analyses were designed to characterize the baseline fea-
tures of the study populations and validate well-established clinical patterns in gliomas.
(2) Meta-analyses: Within each subgroup, patients were dichotomized into high and low
CDCAS expression groups, and the association between CDCAS expression and the risk of
adverse clinical events was evaluated. A random-effects model was used to pool results
from the two databases to assess the independent prognostic effect of CDCAS.

3.2. Meta-Analysis Results

A meta-analysis of the included variables was performed using a random-effects
model. For CDCAS expression in glioma patients, no statistically significant differences
were observed between the two databases in the GBM, IDH-W, and IDH-M subgroups,
with p-values of 0.06, 0.10, and 0.12, respectively. The corresponding ORs and 95% Cls were
0.63 [—0.02,1.29], 2.38 [0.85, 6.65], and 0.20 [0.03, 1.55], as shown in Figures 6-8. In contrast,
a significant difference was observed in LGG between the two databases (p < 0.001), with
an OR and 95% CI of 0.22 [0.11, 0.43] (Figure 9). A summary of the meta-analysis results is

presented in Table 2.

High Experssion Low Experssion Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
GBM in CGGA 96 140 44 140 49.7% 0.37[0.26, 0.48]
GBM in TCGA 161 170 9 170 50.3% 0.89[0.85, 0.94] L
Total (95% CI) 310 310 100.0% 0.63 [-0.02, 1.29] | e
Total events 257 53
Heterageneity: Tau®= 0.22; Chi*= 121.15, df= 1 (P < 0.00001); F= 89% f 1

-1 —0.5 0 0.5 1

Test for overall effect Z=1.90 (P = 0.08) Favours [experimental] Favours [control]

Figure 6. Forest plot of CDCAS expression in GBM patients.

High Experssion  Low Experssion Odds Ratio 0Odds Ratio
i M-H, Random, 95% CI

IDH-W in CGGA 183 286 93 286 99.0% 3.68 [2.61, 5.20]

IDH-W in TCGA 18 34 16 34 41.0% 1.27 [0.43, 3.28]
Total (95% CI) 320 320 100.0% 2.38 [0.85, 6.65]
Total events 206 114

| , , |
0.001 0.1 1 10 1000
Favours [experimental] Favours [control]

Heterogeneity, Tau®= 044, Chi®=4.27 df=1(F=004), F=77%
Testfor overall effect Z=1.65(FP=010)

Figure 7. Forest plot of CDCAS expression in IDH-W patients.

High Experssion  Low Experssion Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
IDH-M in CGGA 142 356 204 356 51.3% 0.56 [0.41, 0.79] L
IDH-M in TCGA 19 91 72 91 48.7% 0.07 [0.03, 0.14] ——
Total (95% CI) 447 447 100.0% 0.20 [0.03, 1.55] R
Total events 171 276
Heterogeneity: Tau®= 2.08; Chi*= 27.68, df=1 (P = 0.00001); F= 96% ID.UU1 U:1 1'0 1UUUI

Testfor averall effect Z=1.54 (F=012) Favours [experimental] Favours [control]

Figure 8. Forest plot of CDCAS expression in IDH-M patients.
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High Experssion

Study or Subgroup Events Total Events Total Weight M-H, Random. 95% CI

Odds Ratio
M-H, Random, 95% CI

Odds Ratio

LGG in COGA 79 283 283 48.1% 045 [0.10, 0.2
LGG in TGGA 188 530 530 51.9% 0.30[0.23, 0.39] 2
Total (95% CI) 813 813 100.0% 0.22 [0.11, 0.43] el
Total events 267
Heterogeneity: Tau®= 0.22; Chi*= 9.51, df= 1 (F = 0.002); F= 83% Iu.m 0?1 p 150 wui
Testfor overall effect 2= 4.38 (P = 0.0001) Favours [experimental] Favours [control]
Figure 9. Forest plot of CDCAS expression in LGG patients.
Table 2. Results of meta-analysis.
OR 95%CI p
CDCAS expression in GBM 0.63 (—0.02, 1.29) 0.06
CDCAS8 expression in IDH-W 2.38 (0.85, 6.65) 0.10
CDCAS8 expression in IDH-M 0.20 (0.03, 1.55) 0.12
CDCAS8 expression in LGG 0.22 (0.11,0.43) <0.001

GBM: Glioblastoma, LGG: Low-Grade Glioma, IDH-M: IDH mutant type, IDH-W: IDH wild type, OR = Odds
Ratio, CI = Confidence Interval.

3.3. Studies Quality

In this meta-analysis, data quality assessment encompassed the standardization of
gene expression data, completeness of clinical information, consistency in data processing,
and potential sources of bias. Glioma patient data from both the TCGA and CGGA
databases underwent rigorous quality control to ensure high reliability of the included
datasets. CDCAS8 expression values were transformed using log2(FPKM+1) to improve
comparability across studies. All expression data were normalized to minimize variations
caused by different experimental platforms or technical methods, thereby enhancing the
credibility of the analysis results. Although some degree of heterogeneity was observed,
the use of a random-effects model ensured the robustness and reliability of the findings.
The NOS scores for the datasets from both databases are summarized in Table 3.

Table 3. The NOS score of the included research databases.

Selection of Comparability Measurement of
Cohorts Research Object Between Groups Exposure Factor Score of NOS
CGGA 4 1 2 7
TCGA 4 1 2 7

NOS: Newcastle-Ottawa Scale.

4. Discussion

The results of this study demonstrated that CDCAS8 expression in GBM patients
from the TCGA database was significantly higher than that in patients from the CGGA
database (p < 0.001). This finding is consistent with previous studies, suggesting that
elevated CDCAS expression may be closely associated with the malignancy and invasive
growth of GBM [15]. As a critical regulator of the cell cycle, CDCAS8 may play a role
in tumor proliferation, invasion, and anti-apoptotic mechanisms in GBM [16]. Notably,
while the association between high CDCAS8 expression and poor prognosis was apparent
in GBM, no significant difference in CDCAS8 expression was observed in LGG patients
(p = 0.501). This suggests that CDCAS8 may exert different biological effects across gliomas
of varying malignancy grades. LGG is generally less aggressive and is often associated with
alonger survival period [17], which may explain the weaker prognostic relevance of CDCA8
expression in LGG. Additionally, other molecular markers—such as IDH mutations [18]
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and O6 methylguanine DNA methyltransferase (MGMT) promoter methylation [19]—may
play a more dominant role in determining prognosis in LGG.

This study further examined the effect of IDH mutation status on CDCAS8 expression.
In the CGGA database, CDCAS8 expression was significantly lower in IDH-M gliomas
compared with TCGA (p < 0.001). This may reflect the influence of IDH mutation as a
critical molecular feature that modulates gene expression through metabolic or epigenetic
mechanisms [20]. IDH mutations lead to the accumulation of 2-hydroxyglutarate (2-HG),
which alters tumor cell metabolism and epigenetic programming [21], potentially contribut-
ing to lower CDCAS expression in this subgroup. However, no significant difference was
observed in IDH-W gliomas (p = 0.154), suggesting that CDCAS8 expression in IDH-W pa-
tients may be influenced by other molecular markers or treatment factors, which warrants
further investigation.

A comparison of OS between the two datasets revealed that both GBM and LGG
patients in the CGGA cohort had significantly longer OS than those in the TCGA cohort
(p < 0.001 and p < 0.03, respectively). This finding suggests that differences in treatment
strategies or population characteristics (e.g., age, sex) may contribute to better prognosis in
the CGGA cohort [22]. In particular, among IDH-M patients, OS was significantly longer in
CGGA compared with TCGA (p < 0.001), which could be associated with regional differ-
ences in treatment protocols, genetic background, and environmental exposures [23]. Given
that IDH mutation is widely recognized as a favorable prognostic factor in gliomas [24],
improved OS in the CGGA IDH-M subgroup may reflect broader treatment availability
and optimized clinical management in this patient population.

Meta-analysis revealed no significant association between CDCAS8 expression and
adverse clinical events in GBM, IDH-wildtype and IDH-mutant glioma subgroups (p = 0.06,
0.10 and 0.12, respectively). This indicates that the prognostic value of CDCAS in these
subtypes may be affected by tumor heterogeneity and variations in patient demograph-
ics. In contrast, a significant correlation was identified in the LGG subgroup (p < 0.001,
OR =0.22, 95% CI [0.11-0.43]), demonstrating that CDCAS exerts a vital biological func-
tion in LGG. These differences are biologically relevant and may reflect the dual role of
CDCAS8 in glioma progression. In high-grade GBM, CDCAS8 overexpression likely drives
chromosomal instability and uncontrolled proliferation, contributing to aggressive tumor
behavior. In contrast, in low-grade LGG, CDCAS8 expression may reflect a less genom-
ically unstable phenotype or be part of a compensatory response that limits malignant
progression. The observed subtype-dependent effects underscore the complex and context-
dependent function of CDCAS in glioma, warranting further functional studies to elucidate
the underlying mechanisms.

Several factors may explain the observed differences in CDCAS8 expression between
the CGGA and TCGA databases. First, there are clear demographic differences between the
two cohorts: CGGA mainly enrolled Chinese patients, while TCGA included individuals
from the United States and other Western regions. Variations in genetic makeup, environ-
mental factors and lifestyles can lead to distinct CDCAS8 expression patterns. Moreover,
differences in the prevalence of major GBM driver mutations, including TP53 mutation,
EGFR amplification and PTEN deletion, may also exist between the two datasets and po-
tentially contribute to such variability [25]. Second, patients in the two databases may have
received different therapeutic regimens—including radiotherapy, chemotherapy, or tar-
geted therapy—which could have contributed to variation in CDCAS expression levels [26].
Third, discrepancies in sample size, experimental platforms, data preprocessing, and batch
effects may have affected quantitative expression measurements [27]. Given the oncogenic
role of CDCAS, targeting the CPC and its components has emerged as a promising ther-
apeutic strategy. Direct inhibition of Aurora B kinase, the catalytic subunit of the CPC,
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has been explored in clinical trials for various cancers [28], including glioblastoma [29].
Although specific small-molecule inhibitors directly targeting CDCAS are not yet clinically
available, inhibitors against Survivin have shown anti-tumor activity in preclinical glioma
models, inducing apoptosis and reducing cell proliferation [30]. These approaches provide
a potential alternative for targeting CDCAS8-related pathways in GBM, and further research
is warranted to develop specific CDCAS inhibitors or combination therapies.

We explicitly state that our findings need to be further validated in independent
cohorts from different regions and populations to confirm the cross-population stability
of CDCAS as a prognostic biomarker for glioma. We also highlight the potential clinical
value of CDCAS as a prognostic stratification marker in GBM, a disease with dismal
prognosis in most cases. Taken together, these findings suggest that while high CDCAS8
expression in LGG is associated with poorer prognosis, its expression pattern varies across
populations, reflecting a combination of geographic, therapeutic, methodological, and
tumor microenvironmental factors. To better characterize the biological function of CDCAS8
and its clinical potential in gliomas, future work should adopt standardized protocols and
conduct multicenter clinical trials to evaluate its role as a therapeutic target. Meanwhile,
investigating the expression and prognostic significance of other CPC members (Aurora
B, Survivin and INCENP) will help clarify how these proteins act in concert to drive
glioma progression.

5. Conclusions

High CDCAS8 expression was strongly associated with poor prognosis in the GBM
subgroup, whereas no significant difference was observed in LGG, which may be attributed
to differences in treatment strategies, geographic regions, and patient population charac-
teristics. The significant difference in CDCAS8 expression observed in LGG between the
two databases suggests that this gene may play an important biological role in LGG and
provides new evidence supporting CDCAS as a potential prognostic biomarker.

6. Limitations

The samples included in this analysis were primarily obtained from the publicly
available TCGA and CGGA databases. Although these databases contain a large number
of cases, sample selection bias remains a factor that must be considered. The patients
represented in these datasets may not fully reflect the overall glioma patient population.
Moreover, because the data were collected from multiple hospitals and laboratories, varia-
tions in sampling methods, patient recruitment criteria, and institutional protocols may
have influenced the results.
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