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Abstract

Background: Inflammatory factors have been considered a significant factor con-
tributing to the development and progression of glioma. However, the relationship
between circulating inflammatory factors and glioma risk as well as their prognostic
values in glioma patients is still inconclusive. Here, we performed a meta-analysis
to address this issue.

Methods: Relevant articles were identified through PubMed, EMBASE, the Cochrane
Library, Web of Science, Wanfang database, and China National Knowledge
Infrastructure (CNKI) from inception to February 2019. The weighted mean differ-
ences (WMDs) or standard mean differences (SMDs) with 95% confidence intervals
(CIs) were used to describe the predictive ability of the levels of circulating inflam-
matory factors on glioma risk. To evaluate the prognostic values of the circulating
inflammatory factors in glioma, hazard ratios (HRs) with 95% CIs were used.
Results: Thirty-one studies comprising 2587 patients were included. The overall
analysis showed that increased circulating interleukin-6 (IL-6) [SMD 0.81 (95%
CIL: 0.21-1.40; P = .008)], interleukin-8 (IL-8) [SMD 1.01 (95% CIL: 0.17-1.84;
P =.018)], interleukin-17 (IL-17) [SMD 1.12 (95% CI: 0.26-1.98; P = .011)], tumor
necrosis factor-a (TNF-a) [SMD 1.80 (95% CI: 1.03-2.56; P = .000)], transforming
growth factor-f (TGF-f) [SMD 10.55 (95% CI: 5.59-15.51; P = .000)], and C-re-
active protein (CRP) [SMD 0.95 (95% CI: 0.75-1.15; P = .000)] levels were sig-
nificantly associated with glioma risk. On the other hand, our results showed that
circulating IL-6 [HR 1.10 (95% CI: 1.05-1.16; P = .000)] and CRP [HR 2.02 (95%
CI: 1.52-2.68; P = .000)] levels were highly correlated with a poor overall survival
(OS) rate in glioma patients.

Conclusion: Our results indicate that increased circulating IL-6, IL-8, IL-17, TNF-a,
TGF-f, and CRP levels are significantly associated with increased glioma risk.
Moreover, our meta-analysis suggests that circulating IL-6 and CRP may serve as

powerful biomarkers for a poor prognosis in glioma patients.
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1 | INTRODUCTION
Primary brain cancer is composed of tumors that origi-
nate from within the central nervous system (CNS) and
comprises a large number of different kinds of tumors
with a benign to malignant status.! Gliomas represent
approximately 75% of malignant brain tumors in adults?
and are the most common primary tumor of the CNS.
Patients receiving treatment, including aggressive sur-
gery followed by chemotherapy and radiotherapy, still
experience an extremely poor clinical outcome due to
the highly proliferative and aggressive nature of this
tumor.>* Considering the poor clinical outcome after
standard treatment, a set of biomarkers or a whole sam-
ple profile for the early detection of glioma is currently
under intensive investigation.5 At the same time, using
several inflammatory markers to predict patient prog-
nosis has also proven to be a viable strategy.6 Without
a doubt, the identification of these indicators of glioma
could provide a variety of advantages, such as the early
intervention of treatment, a reduction in morbidity and
mortality, and monitoring the progression of treatment.
Currently, there are no specific serological biomarkers
for gliomas, which suggests that the development of an
assessment for the association between circulating indi-
cators and the risk of glioma as well as their prognostic
values in glioma is extremely indispensable.
Inflammatory factors have been considered a signifi-
cant factor contributing to the complexity and lethality of
glioblastoma multiforme (GBM), which can evade immune
surveillance by creating an immunosuppressive tumor mi-
croenvironment.” The expression of a few genes in con-
nection with inflammation was previously demonstrated
as an important contributing factor in glioma development,
including tumor promotion and progression.8 Therefore,
as essential mediators linking inflammation and cancers,
inflammatory factors are attracting a large amount inter-
est of researchers who are searching potential therapeutic
and prognostic biomarkers for cancers. Previous studies
have shown that several circulating markers of inflamma-
tion, such as interleukin-6 (IL-6), tumor necrosis factor-a
(TNF-a), and C-reactive protein (CRP), were observably
higher in patients with glioblastoma compared to healthy
controls.’ Accumulating evidence has also shown that these
markers may be involved in the risk and survival of glioma.
However, the association between circulating inflammatory
factors and glioma risk or prognosis remains controversial.
Some research has suggested that CRP and IL-6 could ef-
fectively predict clinical outcomes in patients with gli-
oma.>!*!? In contrast, other studies showed no association
between these factors and the prognosis of patients with gli-
oma.'®'*'® To elucidate the essential relationship between
circulating inflammatory factors and the risk of glioma as
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well as their prognostic values in glioma in clinical practice,
we performed this meta-analysis.

2 | MATERIALS AND METHODS

2.1 | Retrieval strategy

Potentially relevant articles were searched using elec-
tronic databases and manual retrieval. We systematically
retrieved PubMed, EMBASE, the Cochrane Library,
Web of Science, Wanfang database, and China National
Knowledge Infrastructure (CNKI) for articles published up
to February 2019. There were no restrictions of languages
or sources through an initial search of published articles.
The following retrieval terms were used: “cytokines,” “in-
terleukins,” “C-reactive protein (CRP),” “tumor necrosis
factor (TNF),” “transforming growth factor beta (TGF-f),”
“blood,” “serum,” “plasma” and “glioma.” We manually
searched the reference lists of related major studies and
reviews for additional citations. Moreover, the references
of the retrieved articles were screened for other possibly
eligible reports.

2.2 | Selection criteria

Eligible studies had to meet the following criteria: (a) the
patients in the studies were diagnosed with glioma by pa-
thologists; (b) the studies aimed to explore the different
levels of circulating inflammatory factors between glioma
patients and controls or the prognostic value of circulating
inflammatory factors in glioma; (c) for studies analyzing
the relationship between preoperative circulating inflam-
matory indicators and the risk of glioma, the mean value
and standard deviation (SD) of the circulating inflamma-
tory factors' levels for glioma patients and controls were
provided directly or could be converted from the materials
given in the articles; for prognostic studies, the hazard ratio
(HR) and 95% confidence interval (CI) of the circulating
inflammatory factors' levels for overall survival (OS) were
supplied directly or could be converted from survival data
or the Kaplan-Meier curve given in the articles using the
methods of Tierney et al”; and (d) for duplicate data re-
ported by the same author, the most complete and recently
published study was reviewed.'®

The exclusion criteria were as follows: (a) studies mea-
sured the levels of circulating inflammatory factors after
treatment or measured tissue cytokines; (b) comments, re-
views, clinical guidelines, letters to the editor, or case re-
ports; and (c) incomplete data in the original studies made
it impossible to obtain the mean value, SD, HR, and its
95% CI. Due to the lack of relevant articles (less than two),
some inflammatory factors, such as interleukin-2 (IL-2),
interleukin-5 (IL-5), interleukin-7 (IL-7), interleukin-16
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(IL-16), and interleukin-18 (IL-18), were also excluded
from the meta-analysis.

23 |

All information and data were extracted from each relevant
article by two investigators independently. Any further
inconsistencies were addressed by a joint discussion. The
following study characteristics were recorded from each
eligible study: name of the first author, publication year,
country, number of patients and controls, study participants'
age, gender, sample type, WHO grade, and inflammatory
factors assay method. Furthermore, we extracted the cut-
off point, maximum follow-up time, and type of HR from
each survival study. For studies analyzing the relationship
between inflammatory indicators and the risk of glioma,
we extracted the outcome information, including the mean
value and SD of circulating inflammatory factors' levels for
glioma patients and controls. For prognostic studies, the HR
estimated with its 95% CI for OS was extracted. When the
mean value and SD were not supplied directly in the study,
we contacted the authors for unpublished data or extracted
them using the methods of Hozo et al' and Wan et al*® If
HRs and their 95% CIs were not supplied directly in the
studies, we also contacted the authors for additional data or
calculated them from the survival curves using the methods
of Tierney et al'’

Data extraction

24 | Quality assessment and
statistical analysis

The methodological quality of the eligible studies was
assessed using the Newcastle-Ottawa Scale (NOS),21
which concentrated on patient selection, comparabil-
ity, and exposure factor/outcomes. The total NOS scores
ranged from 0 to 9, and a score > 6 was considered high
quality.22 The weighted mean differences (WMDs) or
standard mean differences (SMDs) with 95% CIs were
used to describe the predictive ability of the circulat-
ing inflammatory factors' levels on glioma risk. To
evaluate the prognostic value of circulating inflamma-
tory factors in glioma, HRs with 95% CIs were used
in the meta-analysis. Heterogeneity was estimated by
Cochrane's Q test and /> measurement among the stud-
ies, and multiple individual studies were considered to
have moderate or high heterogeneity when P < .10 or
I > 50%. WMDs, SMDs, and HRs were pooled using a
random effects model if heterogeneity was significant
(I? > 50%). Otherwise, we used the fixed effects model.
Subgroup analyses were used to explore the potential
sources of heterogeneity. A sensitivity analysis was per-
formed to evaluate the availability and reliability of the
results. Funnel plots with Begg's test and Egger's test

were used to research publication bias.”® The effects of
circulating inflammatory factors on the risk and survival
of glioma patients were considered statistically signifi-
cant if the two-tailed P-value was < .05. The quantita-
tive meta-analysis was conducted using STATA version
12.0 (StataCorp LP).

3 | RESULTS
3.1 | Characteristics and quality evaluation
of the included studies

The detailed retrieval processes of relevant articles are dem-
onstrated in Figure 1. Based on the selection criteria, a total
of 2763 articles were identified by electronic databases and
manual retrieval in the primary search. After excluding du-
plicate articles, there were 2304 remaining studies. Next,
2185 irrelevant articles were excluded after reading the titles
and/or abstracts. A total of 119 full-text articles remained for
further evaluation and a final decision, and 88 articles were
excluded due to the following reasons: 43 did not assess the
relationship between the levels of circulating inflammatory
factors with gliomas or their prognostic values in glioma, 33
had no statistical data, five were not full-text articles, three
were reviews, two had a limited number of studies (These
two articles studied the relationship between IL-7 and IL-18
and gliomas. But there were fewer than two studies about
IL-7 or IL-18, the meta-analysis could not be performed),
and two were articles reporting duplicate data. Finally, 31
studies that met the requirements were included in the final
meta-analysis.

Of these 31 studies, 24 articles assessed the re-
lationship between blood-based inflammatory cytokines and
glioma risk. Table 1 presents the characteristics and qual-
ity evaluation of these 24 included studies. The publication
dates ranged from 2000 to 2018. A total of 1950 glioma pa-
tients and 1160 controls were included in these studies. Of
these 24 studies, 10 examined IL—6,9’10’24’29’3336'39’43 five
examined IL-8,28’30’36’37’44 four examined interleukin-17
(IL-17),30333940 pine examined TNF-q,24+27:29:33.36.37:4145
three examined transforming growth factor-f (TGF-,B),QS’ZG’39
two examined CRP,9'34 three examined interleukin-4
(IL-4),>*3>%7 five examined IL-10,*!33%3742 three examined
interleukin-12 (IL—12),33’37’44 two examined interleukin-23
(IL-23),** and four examined monocyte chemotactic pro-
tein-1 (MCP—I).24’28’29’32 Among these 24 studies, serum
samples from patients with glioma were collected in
22,210.24-30.32:4345 44 plasma samples were collected in the
other two.*"** Most of these studies used an enzyme-linked
immunosorbent assay (ELISA) to detect the concentrations
of inflammatory cytokines, and only a few studies used other

methods, such as bead array technology,33 fluorescence mi-
41,45

9,10,24-45

crosphere detection,*® xMAP,>” and radioimmunoassays.
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Articles identified through
searching electronic databases
(n=12763)

Additional articles identified
through other sources
(n=0)

Articles after duplicates excluded
(n=2304)

Not relevant articles excluded

Y

> after reading titles and/or
abstracts (n= 2185)

decision
(n=119)

Full text articles were left for further evaluation and final

Full text articles were excluded due
to (n=88):

Not measured the relationship
between levels of

circulating inflammatory factors with
gliomas or their prognostic

Y

Plvalue (n=43)

No statistical data (n= 33)

No full text (n=5)

Reviews (n=3)

Limited number of studies (n=2)

(n=31)

Articles included in the meta-analysis

Articles reported the duplicated
data (n=2)

FIGURE 1

For the quality score, all 24 studies scored at least 6 based on
NOS scoring and are shown in Table 1.

On the other hand, only eight studies concentrating on
the prognostic significance of circulating inflammatory
factors in glioma patients were included. The prognos-
tic values of IL-6 and CRP in glioma were examined in
five® 10415 and four studies,'®!>!13:10 respectively. The
characteristics and quality evaluation of these prognostic-
related studies are presented in Table 2. Of these eight ar-
ticles, one study reported the prognostic value of not only
IL-6 but also CRP. In these included studies, all outcome
observations were based on OS; four provided the original
HR, and four reported the Kaplan-Meier curves. The pub-
lication dates ranged from 2011 to 2018, and the maximum
follow-up time ranged from 28 to 154 months. For IL-6,
five studies with 535 glioma patients were enrolled in the
prognostic analysis. Regarding CRP, four studies including
466 glioma patients were selected for the prognostic anal-
ysis. On NOS scoring, all eight studies scored at least 7.

Flowchart of studies selection process for meta-analysis

3.2 | Circulating inflammatory factors and
glioma risk

A total of 10 studies reported an association between IL-6
and the pathogenesis of glioma. The pooled SMD was 0.81
(95% CI: 0.21-1.40; P = .008), indicating that the level of
IL-6 (Figure 2A) in the peripheral blood of glioma patients
was significantly higher than that of the normal control
group. This result showed that glioma was associated with
a higher IL-6 level compared with the control. Because of
the limited number of articles included in our studys, it is not
appropriate to conduct a meta-regression analysis, so sub-
group analyses are used to explore heterogeneous sources
from regions, methods used for measurement, patient age,
and tumor types. In the subgroup analyses of the samples
described above (Table 3), the following predicted that el-
evated IL-6 levels were associated with an increased glioma
risk: region in Asia (pooled SMD 0.87 [95% CI: 0.13-1.61;
P = .021]); region in Europe (pooled SMD 0.57 [95% CI:
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0.25-0.89; P = .001]); using ELISA (pooled SMD 0.88 [95%
CI: 0.02-1.74; P = .044]); using other methods (pooled SMD
0.65 [95% CI: 0.01-1.28; P = .046]); age > 60 years (pooled
SMD 0.57 [95% CI: 0.25-0.89; P = .001]); age < 60 years
(pooled SMD 0.96 [95% CI: 0.14-1.79; P = .022]); GBM
types (pooled SMD 0.44 [95% CI: 0.19-0.70; P = .001]);
and mixed gliomas (pooled SMD 1.18 [95% CI: 0.38-1.98;
P = .004]). Thus, it can be concluded that glioma secretes a
large amount of IL-6 into the peripheral circulation.

Additionally, glioma patients were significantly confirmed
to possess higher circulating IL-8 (Figure 2C) levels compared
to controls, with a pooled SMD of 1.01 (95% CI: 0.17-1.84;
P = .018). In the subgroup analyses of regions (Table 3), we
found that IL-8 levels in the circulating blood of glioma pa-
tients were significantly increased in European populations,
with a pooled SMD of 0.41 (95% CI: 0.08-0.74; P = .014).
However, Asian studies did not find a significant association
between IL-8 and glioma patients (pooled SMD 1.96 [95% CI:
—0.49-4.40; P = .118]). Based on the methodological subgroup
analysis (Table 3), patients with glioma detected using other
methods (pooled SMD 0.66 [95% CI: 0.39-0.92; P = .000]) but
not ELISA (pooled SMD 1.31 [95% CI: —0.45-3.08; P = .144])
had significantly elevated levels of IL-8. However, we did not
find any association between circulating IL-8 levels and glioma
risk in the subgroup analyses of tumor types (Table 3).

Similarly, for TNF-a (Figure 2B), the pooled SMD was
1.80 (95% CI: 1.03-2.56; P = .000), indicating that an ele-
vated level of TNF-a in the peripheral blood is significantly
associated with an increased glioma risk. In the subgroup
analyses (Table 3), the pooled SMDs of research regions,
measuring methods, patient age, and tumor types were 2.12
(95% CI: 1.22-3.03; P = .000) for the Asian group and 0.70
(95% CI: 0.34-1.05; P = .000) for the European group; 2.47
(95% CI: 1.29-3.64; P = .000) for the ELISA group and
1.26 (95% CI: 0.40-2.12; P = .004) for the other methods
group; 2.68 (95% CI: 1.78-3.58; P = .000) for age < 60 years
and 0.70 (95% CI: 0.34-1.05; P = .000) for age > 60 years;
and 0.50 (95% CI: 0.09-0.92; P = .018) for GBM and 2.56
(95% CI: 1.52-3.60; P = .000) for mixed gliomas, respec-
tively. With respect to IL-17 (Figure 2D), CRP (Figure 3A),
and TGF-§ (Figure 3B), the pooled SMDs were 1.12 (95%
CI: 0.26-1.98; P =.011), 0.95 (95% CI: 0.75-1.15; P = .000),
and 10.55 (95% CI: 5.59-15.51; P = .000), respectively.

We failed to find a significant association between circulating
IL-4 (Figure 4A), IL-10 (Figure 4B), IL-12 (Figure 4C), IL-23
(Figure 4D), and MCP-1 (Figure 4E) levels and glioma risk.
The combined SMDs for IL-4, IL-10, and MCP-1 were —4.10
(95% CI: —8.72-0.51; P = .082), 0.20 (95% CI: —0.57-0.98;
P = .608), and —1.04 (95% CI: —2.54-0.46; P = .175), re-
spectively. For IL-12 and IL-23, we used WMDs to conduct
the meta-analysis. For these factors, the pooled WMDs were
—14.65 (95% CI: —29.78-0.48; P = .058) and 83.91 (95% CL:
—167.74-335.56; P = .513), respectively. However, when we
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glioma risk

performed the subgroup analyses based on regions and tumor
types of the IL-10 level (Table 3), we found that the circulat-
ing levels of IL-10 in Asian patients (pooled SMD 0.48 [95%
CI: 0.24-0.73; P = .000]) and mixed gliomas (pooled SMD
0.50 [95% CI: 0.19-0.81; P = .001]) were significantly higher
than in healthy controls. Nevertheless, we did not find the
same results in European studies (pooled SMD 0.00 [95% CI:
—1.68-1.68; P = .999]), GBM types (pooled SMD 0.07 [95%
CI: —1.42-1.56; P = .927]), and high-grade glioma (HGG)
types (pooled SMD 0.26 [95% CI: —0.36-0.88; P = .407]).
Additionally, in the subgroup analyses of ages for IL-10 (Table
3), we found that increased circulating IL-10 [SMD 0.69 (95%
CI: 0.13-1.25; P = .016)] was significantly associated with gli-
oma risk for age < 60 years, and decreased circulating IL-10
[SMD —1.54 (95% CI: —2.11 to —0.97; P = .000)] was signifi-
cantly associated with glioma risk for age > 60 years.

Distinct heterogeneity was observed in studies inves-
tigating the inflammatory factors mentioned above (IL-4,
IL-6, IL-8, IL-10, IL-12, IL-17, IL-23, TNF-a, TGF-$, and
MCP-1), with I* above 50%. Considering the subgroup anal-
yses of IL-6, heterogeneity was reduced in European stud-
ies (I2 = 0.0%, P, = 0.679), studies that examined patients

aged > 60 years (I° = 0.0%, P, = 0.679), and GBM stud-
ies (I2 = 0.0%, P,, = 0.397). With regard to IL-8, hetero-
geneity was reduced in the subgroups of European studies
(I2 = 0.0%, P, = 0.863) and studies using other methods
(I2 = 0.0%, P, = 0.381). For TNF-a, heterogeneity was re-
duced in European studies (P =15.5%, P, = 0.277) and in
those that examined patients aged > 60 years (P = 15.5%,
P, = 0.277). Moreover, heterogeneity was reduced in Asian
studies (I2 = 0.0%, P, = 0.856) about IL-10. Thus, we can
speculate that heterogeneity may be attributed to the research
region, the mean age of glioma patients, and the tumor types.

3.3 | Prognostic significance of circulating
inflammatory factors in glioma patients

Five studies with 535 glioma patients were included in the
prognostic analysis for IL-6 (Figure 5A). The pooled HR
was 1.10 (95% CI: 1.05-1.16; P = .000), indicating that an
elevated circulating IL-6 level predicted poor OS in glioma
patients. There was no conspicuous heterogeneity between
the included studies (I* = 48.6%, P, = 0.100). Regarding
CRP (Figure 5B), four studies including 466 glioma patients
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TABLE 3 Subgroup analyses of the association between circulating inflammatory cytokines and the glioma risk

Inflammatory factors Subgroup analysis Number of studies Heterogeneity P (%) Py, SMD(95%CI) P-value
IL-6 Region
Asia 8 96.0% 0.000 0.87 (0.13-1.61) .021
Europe 2 0.0% 0.679 0.57 (0.25-0.89) .001
Method
ELISA 7 96.4% 0.000 0.88 (0.02-1.74) .044
Others 3 85.8% 0.001 0.65 (0.01-1.28) .046
Age
>60 2 0.0% 0.679 0.57 (0.25-0.89) .001
<60 7 96.4% 0.000 0.96 (0.14-1.79) .022
NA 1 / / 0.22 (=0.20-0.64) 297
Tumor types
GBM 3 0.0% 0.397 0.44 (0.19-0.70) .001
Mixed 6 95.1% 0.000 1.18 (0.38-1.98) .004
NA 1 / / —0.32 (—0.67-0.04) .079
1L-8 Region
Asia 2 97.6% 0.000 1.96 (—0.49-4.40) 118
Europe 3 0.0% 0.863 0.41 (0.08-0.74) .014
Method
ELISA 3 95.8% 0.000 1.31 (—0.45-3.08) 144
Others 2 0.0% 0.381 0.66 (0.39-0.92) .000
Age
>60 1 / / 0.46 (—0.06-0.97) .084
<60 3 95.8% 0.000 1.39 (—0.11-2.88) .069
NA 1 / / 0.48 (—0.10-1.05) 103
Tumor types
GBM 1 / / 0.46 (—0.06-0.97) .084
HGG 1 / / 0.48 (—0.10-1.05) .103
Mixed 3 95.8% 0.000 1.39 (—0.11-2.88) .069
IL-10 Region
Asia 2 0.0% 0.856 0.48 (0.24-0.73) .000
Europe 3 96.4% 0.000 0.00 (—1.68-1.68) 999
Method
ELISA 2 84.8% 0.010 0.79 (—0.20-1.78) 119
Others 3 95.1% 0.000 —-0.17 (-1.27-0.92) 755
Age
>60 1 / / —1.54 (-2.11- -0.97)  .000
<60 3 78.4% 0.010 0.69 (0.13-1.25) .016
NA 1 / / 0.45 (0.03-0.87) .035
Tumor types
GBM 3 96.5% 0.000 0.07 (—1.42-1.56) 927
HGG 1 / / 0.26 (—0.36-0.88) 407
Mixed 1 / / 0.50 (0.19-0.81) .001

(Continues)
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TABLE 3 (Continued)
Inflammatory factors Subgroup analysis Number of studies Heterogeneity P (%) Py, SMD(95%CI) P-value
TNF-a Region
Asia 96.2% 0.000 2.12 (1.22-3.03) .000
Europe 2 15.5% 0.277 0.70 (0.34-1.05) .000
Method
ELISA 4 95.6% 0.000 2.47 (1.29-3.64) .000
Others 94.4% 0.000 1.26 (0.40-2.12) .004
Age
>60 2 15.5% 0.277 0.70 (0.34-1.05) .000
<60 94.3% 0.000 2.68 (1.78-3.58) .000
NA 2 91.6% 0.001 0.74 (-0.39-1.87) .201
Tumor types
GBM 3 60.8% 0.078 0.50 (0.09-0.92) .018
Mixed 95.1% 0.000 2.56 (1.52-3.60) .000
NA 2 95.2% 0.000 2.23 (0.43-4.03) .015

Abbreviations: CI, confidence interval; ELISA, enzyme-linked immunosorbent assay; NA, not available; GBM, glioblastoma multiforme; HGG, High-grade glioma;

SMD, Standard mean differences.
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FIGURE 3 The forest plots of the association between circulating inflammatory factors and glioma risk. A, Association between CRP and

glioma risk. B, Association between TGF-f and glioma risk

were selected. The expression of circulating CRP levels was
significantly correlated with poor OS in glioma patients,
and the pooled HR was 2.02 (95% CI: 1.52-2.68; P = .000).
Additionally, no significant heterogeneity was found between
the included studies (12 = 0.0%, P, = 0.622). These results
provide more credible evidence for the prognostic signifi-
cance of circulating IL-6 and CRP levels in glioma patients.

4 | SENSITIVITY ANALYSIS AND
PUBLICATION BIAS

We conducted a sensitivity analysis and examined publica-
tion bias of the meta-analysis on the relationship between
IL-6 (Figure 6A) and TNF-a (Figure 6B) expression lev-
els and glioma risk. No individual study markedly affected

the pooled SMD based on the sensitivity analysis, which
indicates that the SMD estimates are stable and reliable.
Publication bias was assessed using Begg's and Egger's tests.
For IL-6, Begg's test (z = 0.36, P>zl = .721) revealed no
evidence of publication bias among the 10 studies (Figure
7A), and Egger's test (t = —0.14, P>l = .891) showed the
same conclusion. Regarding TNF-a, Begg's test (z = 1.15,
P>zl = .251) revealed no evidence of potential publication
bias among the nine studies (Figure 7B), and Egger's test
(t = 1.80, P>ltl = .115) also showed no bias.

S | DISCUSSION

In tumor areas, inflammatory cytokines and their receptors
form a comprehensive regulatory network, which plays a
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FIGURE 4 The forest plots of the association between circulating inflammatory factors and glioma risk. A, Association between IL-4 and

glioma risk. B, Association between IL-10 and glioma risk. C, Association between IL-12 and glioma risk. D, Association between IL-23 and

glioma risk. E, Association between MCP-1 and glioma risk

significant role in the development and progression of can-
cer. Currently, inflammatory factors are highlighted in can-
cer diagnosis, prognosis, and therapy. However, the research
conclusions of biomarkers related to gliomas remain unclear.
The present meta-analysis summarized the evidence to dem-
onstrate the relationship between circulating inflammatory
factors and the risk of glioma as well as their prognostic val-
ues in glioma from 31 included articles. The results showed
that increased circulating IL-6, IL-8, IL-17, TNF-a, TGF-#,
and CRP levels before treatment are significantly associated
with glioma risk. Furthermore, no significant association was

found between preoperative circulating IL-4, IL-10, IL-12,
IL-23, and MCP-1 levels and glioma risk. On the other hand,
our results showed a poor prognostic outcome in glioma pa-
tients expressing high levels of circulating IL-6 and CRP.

In the tumor environment, inflammatory factors are re-
sponsible for cell proliferation, tumor invasion, significant an-
giogenesis, and the suppression of certain immune functions
to promote the occurrence and development of tumors.*® The
tight junction between endothelial cells is the main structural
and functional basis of the blood-brain barrier.*” Normal
brain capillary endothelial cells have no window structure.*’
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Some studies have shown that there are obvious changes in
the morphology of capillaries forming the blood-brain barrier
in glioma.48'5 % The appearance of the window structure, and

the appearance of wormlike holes in the basement membrane
may explain the changes in inflammatory factors in the blood.
Albulescu et al found altered serum profiles of inflammatory
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factors (such as IL-6, IL-8, and TNF-a) in glioma patients
that were closely linked to brain tumor behavior.”” IL-6 is
a multifunctional cytokine that can induce the proliferation
and differentiation of immune cells. The tumor cells them-
selves and immune cells surrounding the tumor can release
IL-6, thereby increasing circulating IL-6 levels. Elevated lev-
els of serum IL-6 associated with tumor size, tumor stage, or
disease progression have been found in many neoplastic dis-
eases, such as gastrointestinal tumors, lung cancer, and ma-
lignant melanoma.’! Trikha et al revealed that the serum IL-6
level correlated with clinical extension of the tumor and with
outcomes.> In our study, we found that an elevated circulat-
ing IL-6 level is significantly associated with an increased
risk and a poor prognosis of glioma, probably because it is
involved in the occurrence and development of glioma. Much
evidence suggests that IL-6 plays a significant role in the de-
velopment of glioma by promoting angiogenesis and cell pro-
liferation and because of its antiapoptosis and antiradiation
effects.””>>* In addition, studies have shown that the serum
IL-6 level is positively correlated with the expression of IL-6
protein in glioma tissues, as detected by immunohistochem-
istry, suggesting that IL-6 may participate in the progression
of glioma in an autocrine or paracrine manner.>>> Based on
the evidence described above, it is easy to understand that
an elevated IL-6 level is closely associated with the risk and
prognosis of glioma patients.

CRP is a classical nonspecific acute-phase protein pro-
duced in the liver.** Epidemiological studies have suggested
that for several types of solid cancer, elevated circulating lev-
els of CRP are associated with poor outcomes.'® Based on
the particular relationship between tumors and inflammation,
a sharp increase in CRP content in the presence of inflamma-
tion makes it a reliable biomarker to reflect the relationship
between inflammation and cancer. The results from our pres-
ent meta-analysis showed a high risk of developing glioma
with elevated levels of CRP and a poor prognostic outcome
in glioma patients expressing high levels of CRP. Possible
mechanisms for high CRP levels associated with an increased
risk and a poor prognosis of glioma have been reported.12
On the one hand, CRP protects endothelial cells from star-
vation-induced death by acting on microglia through IL-1p,
which contributes to tumor angiogenesis and progression. On
the other hand, IL-6 secreted by GBM acts on hepatocytes
and may secrete high levels of CRP through the janus kinase-
signal transducer and activator of transcription (JAK-STAT)
pathway, which reaches the tumor site through blood circula-
tion and then accumulates in tumor tissue. These phenomena
also suggest that our conclusions about IL-6 are credible and
accurate.

Moreover, we found that increased circulating IL-8, IL-17,
TNF-a, and TGF-f levels are significantly associated with
glioma risk, which indicates that these inflammatory factors
are involved in the pathogenesis of glioma. IL-8 is a potent
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angiogenic factor for the progression of malignant gliomas and
is correlated with the histopathological grade of gliomas.56
Studies have indicated that GBM cells, which secrete 1L-8,
promote angiogenesis and microvascular endothelial perme-
ability.57 Over the past few years, the possible role of IL-17
in tumors has received increasing attention. The function of
IL-17 in tumors may include the promotion of angiogenesis
by upregulating vascular endothelial growth factor (VEGF)
and CD31°%, and/or the promotion of tumorigenesis through
the IL-6-STAT3 signaling pathway.59 Hu et al reported that
IL-17 may influence glioma tumorigenesis and progression
through certain signaling pathways.”® Through in vivo and
in vitro studies, IL-17 was shown to induce the proliferation
and migration of glioma cells by activating PI3K/Akt1/NF-
1<B-p65.60 Accumulating evidence has shown that the pleio-
tropic functions of TNF-a range from antitumor activity to
tumorigenesis. The characteristic of TNF-a inhibition is that
it binds to malignant tumor cells, changes gene expression
in cells, destroys the cell cycle, and then causes the tumor
cells to no longer proliferate indefinitely.®’ TNF-a secretion
leads to the promotion of glioma formation and development
through angiog.genesis.62 The expression of TGF-§ can be el-
evated in a variety of malignant tumors and is closely related
to the invasive growth, metastasis, and other processes of the
tumor.* In particular, TGF-f was shown to correlate with the
poor prognosis of advanced stages of glioma.64 In conclusion,
circulating IL-6, IL-8, IL-17, TNF-a, TGF-$, and CRP lev-
els may be reliable biomarkers describing the risk of glioma.
Furthermore, the circulating IL-6 or CRP level may be a reli-
able prognostic indicator in glioma patients.

Our results showed no significant association between cir-
culating IL-4, IL-10, IL-12, IL-23, and MCP-1 levels and the
risk of glioma patients. The primary reason for this finding
may be that the number of studies included was limited, and
the sample size of each study was not large. On the other
hand, the negative conclusions are closely related to the vari-
ous characteristics of these inflammatory factors involved in
tumor progression. Therefore, further studies with large sam-
ple sizes are necessary to establish the true correlation as well
as the unique pathogenesis.

In this meta-analysis, there are unavoidable limitations in
several aspects that should be further considered. First, the re-
gions and populations involved in our study were limited (only
Asia and Europe). Second, the cut-off values for inflamma-
tory factors were different between the included studies, which
could increase heterogeneity among studies. Third, because
of the lack of studies relating the expression of other inflam-
matory factors and OS (except for IL-6 and CRP), we could
not draw an exact conclusion. Fourth, based on the incomplete
data about different pathological types of gliomas in original
studies, we did only a few subgroup analyses of glioma risk
in different pathological types, and cannot draw a complete
conclusion. Finally, although we conducted subgroup analyses
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for IL-6, IL-8, IL-10, and TNF-a with glioma risk to explore
the potential sources of heterogeneity, high heterogeneity still
existed in the studies of IL-4, IL-12, IL-17, IL-23, TGF-f, and
MCP-1 based on the limited number of included studies.

6 | CONCLUSIONS

In conclusion, our meta-analysis suggested that circulating
IL-6 and CRP levels may serve as powerful biomarkers for a
poor prognosis in glioma patients. Determination of the levels
of circulating IL-6 and CRP might aid in predicting the clinical
outcome in glioma patients. Moreover, our results indicated
that increased circulating IL-6, IL-8, IL-17, TNF-a, TGF-$,
and CRP levels are significantly associated with increased
glioma risk. Additionally, based on the results of subgroup
analyses of glioma risk in different pathological types, we
could better understand the various characteristics of inflam-
matory factors involved in tumor progression. To investigate
this problem deeply, studies with large sample sizes, cover-
ing extensive areas, and with complete data about different
pathological types of gliomas are required. Considering that
the acquisition and measurement methods of blood samples
are relatively easy, we believe that the detection of circulating
inflammatory factors and an in-depth study of their mecha-
nisms of promoting tumorigenesis could provide a broader
prospect for reducing glioma risk and supplementing methods
of predicting the outcome in glioma patients.
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